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Abstract Biological invasions are one of the major 
constraints worldwide because of the economic and 
environmental consequences they may pose. Root 
mealybugs (Hemiptera: Coccomorpha: Rhizoecidae) 
are continuously transported worldwide with plant 
soil because of their cryptic behavior. In this study it 
was reported the  presence of Ripersiella multiporif-
era Jansen in Sicily for the first time and discussed 
the presence of R. maasbachi (Jansen) and R. hibisci 
(Kawai & Takagi) in Italy. A key is provided to iden-
tify the species of Rhizoecidae currently known in 
Italy. The species were identified by morphological 
features and characterized molecularly by using a 
partial COI mitochondrial gene. Our report alerts the 
presence of alien root mealybugs in Italy. R. hibisci is 
a quarantine species listed in Annex IIA of EU Regu-
lation 2019/2072.
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Introduction

Exotic insects are continually introduced every year 
in countries as a result of the trade and transport of 
plants and plant material with potential threats to bio-
diversity in natural areas and/or risk for economically 
relevant crops (Perrings et  al., 2002; Riegler, 2018). 
This phenomenon increased in the last century and it 
has been exacerbated by the current climate change 
and global transporting as well (Zeng et  al., 2020). 
Quarantine regulations and national programs are 
generally established to prevent the movement of 
pests among the regions and this objective is com-
monly achieved by the use of pest-and pathogen-free 
plant materials (Schrader & Unger, 2003).

In Italy, the number of introduced alien insects 
increases every year, 57.7% of them are Hemiptera 
of which 97% are Sternorrhyncha (Jucker & Lupi, 
2011). Inghilesi et al. (2013) showed that in Italy and 
Europe, Sternorrhyncha represent the highest percent-
age of exotic insect orders compared with the num-
ber of species in the world. Most of these insects have 
been introduced through the trade and movement of 
ornamental plants. The scale insects (Hemiptera: 
Coccomorpha), due to their morphology, biology and 
behavior, are mainly concealed on hidden parts of 
host plants that contribute largely to their dispersion 
(Mazzeo et al., 2014, 2020), especially when they live 
on roots. Among scale insects, root mealybugs are 
common but difficult to detect and identify with the 
naked eye due to their small size and cryptic behavior.
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The family Rhizoecidae (Hemiptera: Coccomor-
pha), recently instituted by Hodgson (2012), includes 
19 genera and 238 species of “root mealybugs” or 
“ground mealybugs”, living and feeding on plant 
rootlets (Kozár & Konczné Benedicty, 2007; Kaydan 
et al., 2019). Within this family, the genus Ripersiella 
has changed its status several times, being sometimes 
considered as a synonym of the very close genus 
Rhizoecus. Recently Szita et al. (2020) discussed the 
position of the two genera and, following many other 
authors, considered Ripersiella as a distinct genus 
(Kozár & Konczné Benedicty, 2007). Ripersiella is 
characterized by the presence of bitubular pores on 
the dorsum and venter, antennae 5 or 6 segmented, 
legs well developed, and anal ring bearing 6 setae 
(Kozár & Konczné Benedicty, 2007).

All the species of Ripersiella live in the soil. How-
ever, it is hard to understand which plant they feed 
because specimens are often observed loosely in the 
soil and/or found on the roots of many plant species, 
as they can be collected only by sifting leaf litter and/
or sieving soil samples (Kaydan et al., 2018, 2019).

The species of Ripersiella occur preferably in 
humid soils even if some of them prefer xerophilous 
habitats (Kozár & Konczné Benedicty, 2007). Some 
of them can perform more than one generation per 
year as the life cycle is influenced by the temperature 
and host plant. They are bisexual and females pro-
duce eggs in white, loose, and waxy ovisacs (EFSA 
PLH PANEL, 2020; Jansen and Westenberg, 2015).

In the last year, the presence of Ripersiella spe-
cies has been detected by Phytosanitary Service in 
Sicily (Italy) during inspections of ornamental plants 
in commercial nurseries. Almost all the specimens 
collected belonged to Ripersiella hibisci (Kawai & 
Takagi, 1971) (Fig. 1), a species listed in Annex IIA 
of EU Regulation 2019/2072 as confirmed by Euro-
pean Food and Safety Agency (EFSA PLH Panel, 
2020) and intercepted in Italy in the past (Mazzeo 
et al., 2014). Following the detection of R. hibisci, the 
Regional Phytosanitary Service has adopted the phy-
tosanitary prescriptions aimed to eradicate outbreaks 
of this mealybug pursuant to Regional Decree n. 2794 
of 2021/07/23: official controls in nurseries in Sicily 
were increased; the professional operator’s authoriza-
tion to issue plant passports for R. hibisci host species 
is suspended until the outbreak has been eradicated; 
the infested plots have been isolated, immobilized and 
subjected to insecticide treatments or eliminated. The 
European Plant Protection Organism (EPPO, 2022b) 
considered R. hibisci eradicated in all sites in Decem-
ber 2021, but new records during 2022 and in early 
2023 in Sicily (Table  1) led Regional Phytosanitary 
Service to apply specific measures for mealybug 
eradication.

During the monitoring in ornamental plant nurs-
eries of Eastern Sicily, several mealybugs have been 
found on the roots of Sansevieria trifasciata Prain 
(Asparagaceae) and Camellia sp. (Theaceae). The 
specimens collected from S. trifasciata have been 

Fig. 1  Ripersiella hibisci: a Melaleuca (= Callistemon) sp. (Myrtaceae) plant infested; b potted roots of Melaleuca with heavy infes-
tation; c females with ovisacs and eggs among the roots
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identified as Ripersiella multiporifera Jansen, 2008, 
a species that was for the first time intercepted and 
described by Jansen (2008) in the Netherlands. The 
specimens collected on Camellia sp. have been iden-
tified as Ripersiella maasbachi (Jansen, 2003) and 
promptly reported to EPPO (EPPO, 2022a). Riper-
siella maasbachi was described by Jansen (2003) 
in the Netherlands, where the species was regularly 
intercepted on Sageretia sp. (Rhamnaceae) bonsai 
and other plants imported from China (Jansen, 2003). 
In this study, R. multiporifera, R. maasbachi and R. 
hibisci are reported and a taxonomic key of Rhizoeci-
dae recorded in Italy is presented.

Materials and methods

The specimens were collected from soil and roots 
inside potted plants found in the ornamental plant 
nurseries in Eastern Sicily between 2021 and 2023 
(Table 1). The living adult females were preserved in 
70% alcohol solution in plastic vials. The specimens 
were then prepared for morphological identification 
and molecular characterization.

Morphological identification

Adult females were identified using a compound 
microscope; the adult females were slide-mounted in 
Canada balsam using the method described by Wil-
liams and Watson (1988). In particular, the females 

were cleaned and clarified by passages in 10% KOH, 
ethanol (70% and 90%), carbol xylene, and a 4:1 
mixture of 50% alcohol and glacial acetic acid, then 
stained with an acid fuchsin solution and finally 
cleaned in clove oil and mounted in Canada balsam. 
The morphological identification was conducted 
through the keys proposed by Jansen and Westenberg 
(2015), Kozár and Konczné Benedicty (2004, 2007) 
and Szita et al. (2020).

Molecular characterization

The molecular characterization of the sample was car-
ried out by sequencing the ≈ 800 COI gene part sug-
gested by Jansen and Westenberg (2015). DNA was 
isolated from a single specimen of R. multiporifera, R. 
maasbachi and R. hibisci using the E.Z.N.A.® Tissue 
DNA Kit (Omega Bio-tek, Inc., Norcross, GA, USA). 
Non-destructive DNA extraction protocol was fol-
lowed to allow morphological identification of the pro-
cessed specimens. Primer pairs were PcoF1 5’-CCT 
TCA ACT AAT CAT AAA AAT ATY AG-3’ and LepR1 
5’-TAA ACT TCT GGA TGT CCA AAA AAT CA-3’ as 
described in Jansen and Westenberg (2015). PCR was 
done according to the protocol described in Ricupero 
et al. (2021). Briefly, each reaction was performed in 
20 µL volume with 0.85X of FailSafeTM PCR 2X Pre-
Mix F (Lucigen Corporation, Middleton, WI, USA), 
0.5 µM of each primer, 1.5 units of Taq DNA Polymer-
ase (Invitrogen, Thermo Fisher Scientific, Waltham, 
MA, USA) and 2 µL of DNA template. The cycling 

Table 1  Collection data of Ripersiella spp. in Sicilian ornamental plant nurseries

Location Site Host plant Date Taxon

Latitude (N) Longitude (E)

Fiumefreddo (CT) 37.77878 15.19563 Callistemon sp. 06/04/2021 Ripersiella hibisci
Piedimonte Etneo (CT) 37.800421 15.188739 Chamaerops humilis,

Trachycarpus fortunei,
Phoenix canariensis

29/04/2021 Ripersiella hibisci

Calatabiano (CT) 37.8005 15.1886 Chamaerops humilis,
Phoenix canariensis

29/04/2021 Ripersiella hibisci

Fiumefreddo (CT) 37.78929 15.22563 Chamaerops humilis 29/04/2021 Ripersiella hibisci
Misterbianco (CT) 37.45945 14.977738 Chamaerops humilis 18/06/2021 Ripersiella hibisci
Giarre (CT) 37.7069 15.1841 Sansevieria trifasciata 15/10/2021 Ripersiella multiporifera
Milazzo (ME) 38.1837 15.2414 Camellia japonica 24/03/2022 Ripersiella maasbachi
Mascali (CT) 37.7507 15.1980 Phoenix canariensis 09/02/2022 Ripersiella hibisci
Aci Castello (CT) 37.5776 15.1667 Trachycarpus fortunei 09/03/2023 Ripersiella hibisci



 Phytoparasitica

1 3
Vol:. (1234567890)

was as follows: 96 ◦C for 5 min, 35 cycles at 96 ◦C for 
45 s, 45 ◦C for 1 min, 72 ◦C for 1 min, followed by a 
final cycle at 72 ◦C for 10 min. Reactions and cycling 
conditions were carried out in Applied Biosystems™ 
MiniAmp™ Plus Thermal Cycler. PCR products were 
first checked by electrophoresis using 1% agarose gel. 
Unsuccessful DNA amplification was obtained for R. 
maasbachi repeated times; therefore, no molecular 
identification was achieved for this species. Success-
ful PCR products were shipped to BMR Genomics 
sequencing service (Padova, Italy) that purified and 
sequenced the amplification products through Sanger’s 
method. The resulting coding regions were checked for 
errors and trimmed for low quality in Unipro UGENE 
version 1.26.1. FASTA files were thus aligned to refer-
ence sequences from the National Center for Biotech-
nology Information (NCBI) GenBank® through Basic 
Local Alignment Search Tool (BLAST) sequence anal-
ysis tool for the species identification. All sequences 
were deposited in GenBank under accession numbers: 
OQ833548.1 for R. hibisci and OQ833547.1 for R. 
multiporifera.

Phylogenetic analysis

Evolutionary relationships among Ripersiella spp. 
isolates were estimated by constructing phyloge-
netic trees based on mtCOI sequences derived from 
our samples and those retrieved in GenBank in June 
2023. Sequence records were screened out for their 
coverage within the region amplified by PcoF1 and 
LepR1 primers. Five selected nucleotide sequences 
were thus aligned with MUSCLE algorithm (Altschul 
et  al., 1990) and their ends were trimmed to produce 
695  bp alignments in Unipro UGENE version 1.26.1 
(Edgar, 2004). We also screened translated mtCOI 
sequences for stop codons to exclude any possible 
mitochondrial pseudogenes that often occur in inver-
tebrates. Phenacoccus solenopsis Tinsley (Hemip-
tera: Pseudococcidae) isolate mtCOI sequence (Gen-
Bank accession number MZ398132.1) was included 
in the dataset as outgroup. The evolutionary history 
was inferred by using the Maximum Likelihood (ML) 
method and Kimura 2-parameter model (Okonech-
nikov et al., 2012). Initial tree for the heuristic search 
was obtained automatically by applying Neighbor-Join 
and BioNJ algorithms to a matrix of pairwise distances 
estimated using the Maximum Composite Likelihood 
(MCL) approach and then selecting the topology with 

superior log likelihood value. This analysis involved 6 
nucleotide sequences. Codon positions included were 
1st + 2nd + 3rd + Noncoding. The reliability of the 
branches was estimated using 1000 bootstraps. Evolu-
tionary analyses were conducted in MEGA X (Kimura, 
1980; Kumar et al., 2018).

Results

Ripersiella multiporifera Jansen, 2008

Taxonomic identification

The slide-mounted females show elongated oval body 
about 1,1–1,3  mm long and 0,39 − 0,7  mm wide; 
antennae are 5 segmented, eyes absent, two circuli pre-
sent (Fig. 2), with truncate-conical shape on abdomi-
nal segments II and III; multilocular disc pores present 
on venter and dorsum of head, distributed in rows on 
the segments of abdomen on dorsum, trilocular pores 
evenly distributed on dorsum and numerous on ven-
ter on head, thorax and abdomen; bitubular pores of 
two size: the smaller, each about 3.5  μm wide and 
5 μm high (2/3–3/4 from those of dorsum) confined to 
venter in single transverse rows, mainly in middle of 
abdominal segments; the larger type (6–7 μm wide and 
7–8 μm high) present on dorsum only, usually distrib-
uted on margins and submarginal areas and on midline. 
Tubular ducts absent on dorsum and venter.

Ripersiella multiporifera is very similar to R. saint-
pauliae (Williams) from which differs in having up to 
45 multilocular disc pores in one to occasionally two 
rows on the posterior edge of segments and single 
ones on the rest of segment whilst R. saintpauliae has 
multilocular disc pores on thorax and sixth abdomi-
nal segments in small numbers up to ten per segment. 
Ripersiella multiporifera differs also from R. hibisci 
in having multilocular disc pores on the head and sin-
gle rows on the thorax and first two abdominal seg-
ments and two circuli, whilst in R. hibisci, though 
0–2 circuli can be present, multilocular disc pores are 
absent on the head and those on the thorax and first 
two abdominal segments are represented by single 
ones (Jansen, 2008).

Regarding the molecular characterization, once 
genomic DNA amplification was confirmed, the obtained 
sequence was subjected to BLAST searches and aligned 
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to reference sequences from NCBI compared with pub-
licly available data on GenBank. The resulting sequence 
matched an identity score of 100% and E-value = 0.0 with 
R. multiporifera isolates from the Netherlands (Accession 
number KM453216.1).

Ripersiella maasbachi (Jansen, 2003)

Taxonomic identification

The females have elongate-oval body with almost par-
allel sides 0.8–2.3 mm long and 0.38–1.2 mm wide; 
antennae are slender and 6-segmented, eyes present, 
one circulus present on abdominal segment III; multi-
locular disc pores present only on last 2–3 abdominal 
segments of venter and absent from dorsum; trilocu-
lar pores evenly scattered on dorsum and less numer-
ous on venter where are scattered on thorax; bitubular 
pores of one size present on dorsum and venter; tubu-
lar ducts absent (Fig. 2).

The specimens collected in Sicily showed 10–11 
multilocular disc pores on VII and 11–20 in segments 
on venter.

Ripersiella maasbachi is similar to Ripersiella 
emarai Jansen in the presence of eyes, antennae 
6-segmented and the absence of dorsal multilocular 
disc pores, and is different in the presence of ventral 
multilocular disc pores on last abdominal segments 

and in the absence of oral collar tubular ducts (Jansen 
& Westenberg, 2015).

Ripersiella hibisci (Kawai & Takagi, 1971)

Taxonomic identification

The body of the adult female is elongated-oval, with 
a length range of 1.2–2.2 mm; antennae 5-segmented; 
circuli absent or numbering one or two on II and III 
abdominal segment; multilocular disc pores present 
on dorsum on abdominal segments II-V and on tho-
rax, present also on venter in single to triple rows on 
III and posterior segments and on thorax; trilocular 
pores evenly distributed on dorsal and ventral sur-
faces; bitubular pores of two size: the larger (> 5 μm) 
present only on dorsum usually singly on margins of 
most segments, few on submarginal areas and occa-
sionally on midline; the smaller (∼5 μm) present on 
dorsum on abdominal segments IV-V and on venter 
as far forward as segment IV (Williams, 1996).

The specimens collected in Sicily showed circulus 
absent (∼38% of observed specimens) or numbering 
one (∼62%) on III abdominal segment (Fig. 3).

Ripersiella hibisci is recognizable for the presence 
of large bitubular pores on dorsum and their absence 
on venter, the absence of multilocular disc pores from 
venter and the presence on III-V dorsal segments. 

Fig. 2  Ripersiella multiporifera: a female; b circulus on the abdominal ventral segments; Ripersiella maasbachi: c female; d circuli 
on the abdominal ventral segments 
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This species is similar to R. saintpauliae (Williams, 
1985) but the latter lacks small bitubular pores on 
dorsum and it has numerous multilocular disc pores 
on dorsum and venter (Williams, 1996).

Based on mtCOI, we confirmed amplification 
from genomic DNA, followed by direct sequenc-
ing and BLAST searches. The resulting sequence 
was aligned to reference sequences from NCBI 
compared with publicly available data on Gen-
Bank and yielded an identity score of 99.83% and 
E-value = 0.0 with R. hibisci isolates from the 
Netherlands (Accession number. KM453214.1). 

Phylogeny

According to the phylogenetic analysis, the ML 
tree included two main distinct clades: one clade 
consisted of R. hibisci accessions, and another clade 
grouped accessions associated with R. multiporifera. 
Notably, both the clades shared a common ancestor 
if compared to the provided outgroup. Nevertheless, 
R. hibisci and R. multiporifera accessions from Italy 

clustered with same-species isolates coming from the 
Netherlands, showing no differences in their prov-
enance (Fig. 4).

Key of Rhizoecidae recorded or intercepted in 
Italy

For determining the species with morphologi-
cal identification, a taxonomic key of adult female 
of Rhizoecidae reported and/or intercepted in Italy 
is following reported. The key was adapted from 
Marotta, 1992; Russo and Mazzeo, 1992; Jansen and 
Westenberg, 2015. According to Marotta (1995) and 
Russo and Mazzeo (1992) Rhizoecus mammillariae 
(Targioni Tozzetti, 1884), even if reported for the Ital-
ian fauna, was not included because of missing data.

1) Presence of bitubular or tritubular pores ……. 2
  Absence of bitubular and tritubular pores  
..........................Ripersiella poltavae (Laing, 1929)
2) Presence of bitubular pores and absence of tritu-
bular pores ………… …………… …………..…. 3
    Absence of bitubular pores and presence of tritu-
bular pores …………… …………… ………..…. 8

Fig. 3  Ripersiella hibisci: a female; b ventral abdominal segments without circulus; c ventral abdominal segments with circuli 
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3) Multilocular disc pores present only on venter, 
with one circulus ………… …………… …..…… 4
      Multilocular disc pores present on venter and 
dorsum, with 0–1 circulus …… …………… …… 6
4) With tubular ducts; bitubular pores short or 
long ……… ……… ……………… …………..… 5
      Without tubular ducts; bitubular pores of one 
size, scattered on dorsum.........................................
.....................Ripersiella maasbachi (Jansen, 2003)
5) Bitubular pores short, wide, 2–3 times longer 
than wider...........Ripersiella periolana Goux, 1985
    Bitubular pores long, narrow, 3–6 times longer 
than wide..................................................................
..... Ripersiella vidanoi Marotta & Tranfaglia, 1995
6) Circulus present, multilocular disc pores pre-
sent on venter and dorsum, scattered on head and 
thorax, in rows across all abdominal segments, .… 
………....……...… Ripersiella lelloi Mazzeo, 1995
      Circulus present or absents, multilocular disc 
pores not with this combination of characters 
...........................................................................…7
7) Multilocular disc pores absent on head. Small 
type bitubular pores 5 μm wide present on venter 

and dorsum.............................................................. 
............ Ripersiella hibisci (Kawai & Takagi, 1971)
    Multilocular disc pores present on head. Small 
type bitubular pores about 3,5 μm wide confined to 
venter ….... Ripersiella multiporifera Jansen, 2008
8) Circulus present, multilocular disc pores 
absent ……… …….......................................…… 9
    Circulus absent, multilocular disc pores present 
……… …….................................................……10
9) Labium 60–70  μm long …...............…… 
................................Rhizoecus albidus Goux, 1942
       Labium 75–90  μm long ……......................… 
……..........Rhizoecus cacticans (Hambleton, 1946)
10) Antennae five-segmented ....................…….....
........ Rhizoecus falcifer Kunckel d’Herculais, 1878
    Antennae six-segmented .................................11
11) Tritubular pores of one size ...................……… 
…....................…… Rhizoecus dianthi Green, 1926
     Tritubular pores of 2–3 sizes ......................... 12
12) Tritubular pores of two sizes..................……… 
………............. Rhizoecus latus (Hambleton, 1946)
    Tritubular pores of three sizes...........……...........
..........… Rhizoecus americanus (Hambleton, 1946)

Fig. 4  Maximum Likelihood tree, with bootstrap values, 
based on mtCOI sequences of Ripersiella spp. collected in Sic-
ily (Italy) clustering with publicly available accessions from 
Netherlands retrieved in GenBank. Phenacoccus solenopsis 
(Accession n. MZ398132.1) was used as an outgroup. The tree 

with the highest log likelihood (-1809.31) is shown. The per-
centage of trees in which the associated taxa clustered together 
is shown next to the branches. The tree is drawn to scale, with 
branch lengths measured in the number of substitutions per site
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Discussion

We report for the first time Ripersiella multiporifera 
in Italy on S. trifasciata roots. This species has been 
described in the Netherlands where it was intercepted on 
Sansevieria sp. and Hoya kerrii plants originating from 
Thailand during phytosanitary and import inspections in 
commercial greenhouses (Jansen, 2008; Jansen & West-
enberg, 2015). Ripersiella multiporifera is also known 
for China, Malaysia, Vietnam, and Indonesia (Jansen, 
2008; Suh et al., 2013). Little is known about its biology 
and damage on host plants and, to date, it is not subject to 
regulatory or quarantine measures in Europe.

Ripersiella multiporifera is very similar to R. saint-
pauliae and R. hibisci and differences among these 
species were highlighted. Although R. multiporifera 
is difficult to discriminate from the two congeneric 
species because of the variability of some morpho-
logical characters (e.g., number of circuli, distribu-
tion of multilocular disc pores), the samples we col-
lected had a combination of characters that matched 
with R. multiporifera according to the keys proposed 
by Jansen (2008) and Jansen and Westenberg (2015). 
The identity of the mealybugs was also corroborated 
through DNA amplification of the mtCOI fragment 
that has been suggested for species discrimination 
(Jansen & Westenberg, 2015).

Ripersiella maasbachi was described by Jansen 
in 2003 from specimens collected on bonsai trees of 
Segeretia thea (Osbeck) M. Johnston (Rhamnaceae) 
originating from China during import inspections. 
The species was also found on Carmona sp. (Bor-
aginaceae), Michelia sp. (Magnoliaceae) and Serissa 
foetida (L. f.) Lam. (Rubiaceae) and regularly inter-
cepted in Netherlands and England (Jansen, 2003). 
We collected and identified this species in Sicily and 
it was the first record in Italy (EPPO, 2022a). The 
biology and the damage it causes to host plants are 
not well known, and this species is not subject to reg-
ulatory or quarantine measures in Europe.

Ripersiella hibisci was described by Kawai and 
Takagi in 1971 (as Rhizoecus hibisci) from specimens 
collected on roots of cultivated potted plants in green-
houses and currently is known on 39 genera belong-
ing to 23 families of host plants (García Morales 
et al., 2016). It is a polyphagous species that feeds on 

plant roots and often detected on potted ornamentals. 
First detected in Japan, it likely occurs elsewhere in 
South-east and East Asia and was introduced into 
USA and Puerto Rico (EFSA PLH PANEL, 2020). 
In Europe R. hibisci is not established according 
to EPPO (2022b) although it has been intercepted 
repeatedly during import inspections in Netherlands, 
UK and Italy where actions are taken to eradicate 
infestations (EFSA PLH PANEL, 2020). Although it 
is considered a greenhouse pest it also occurs outside 
where climatic conditions allow such as Japan and 
China and Europe also (EFSA PLH PANEL, 2020). 
Ripersiella hibisci is listed in Annex II of Commis-
sion Implementing Regulation (EU) 2019/2072 and 
regulated as a quarantine pest as a consequence of the 
economic and environmental impact it may cause in 
case of severe infestations on host plants (EFSA PLH 
PANEL, 2020).

Unveiling the introduction pathways of alien spe-
cies is of paramount importance for assessing disper-
sal patterns and establishing efficient control meas-
ures (Estoup & Guillemaud, 2010). According to our 
phylogenetic analyses using mtCOI, data highlighted 
that Ripersiella spp. collected in Italy were the same 
of those retrieved in Netherlands (Jansen & West-
enberg, 2015). This finding suggests that the origin 
between the species is similar. However, further stud-
ies including samples from different regions and/or 
different types of molecular markers are warranted 
to reveal the invasion route of the considered ground 
mealybugs (Behura, 2006).

Control measures

Although root-feeding mealybugs live in the ground 
and show limited ability to spread, measures to con-
trol their infestations are needed. The isolation of 
growing plants in association with the cleaning of 
tools and machinery, and the mechanical clean-
ing of roots are suggested to reduce the likelihood 
to transport mealybug eggs and post-embryonic 
stadia. Hot water treatments have also been used to 
cause adult mortality (Hu et  al., 1996; Hara, 2013). 
Hata et al. (1996) reported that imidacloprid signifi-
cantly reduced the population of R. hibisci in pot-
ted plants and Cabral and Hara (2015) reported that 
spirotetramat, applied as a soil drench, was able to 
reduce the number of R. hibisci on roots of Pisonia 
brunoniana. However, since repeated applications of 



Phytoparasitica 

1 3
Vol.: (0123456789)

conventional insecticides often lead to resistance out-
breaks (Shankarganesh et  al., 2022), further sustain-
able control measures can be investigated, such as 
the use of plant essential oils (e.g., Allium sativum) 
as promising results have been obtained on other 
invasive insect pests (Ricupero et al., 2022; Tortorici 
et al., 2022).

Conclusion

Among the invasive species, root mealybugs can cause 
a series of negative implications for the sustainability of 
cultivation systems because of their complex biology and 
the difficulties in identification. For these reasons, careful 
identification tools are necessary to quickly detect them 
and provide effective preventive measures. We reported 
for the first time R. multiporifera in Italy with the pres-
ence of R. maasbachi and R. hibisci through the use of 
morphological and molecular identification tools. A 
taxonomic identification key was also provided to help 
specialists to find the identity of Rhizoecidae species cur-
rently present in Italy. Nevertheless, continuous updates 
on the morphological taxonomic keys associated with 
new molecular tools for fast and precise identification of 
root mealybugs are recommended.
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