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Abstract

Mealybug is a renowned pest known to attack agricultural products from the field to the
post-harvest process, such as on the seed rhizomes of Curcuma aeruginosa. Therefore,
this study aimed to examine and identify the species of mealybug on the seed rhizomes of
C. aeruginosa based on morphological and molecular characteristics. Fifty mealybugs were
collected from the seed rhizomes of C. aeruginosa in the storage room in Bogor (Indo-
nesia) using a soft brush. They were transferred to new C. aeruginosa rhizomes without
any other insects present. Morphological identification based on observation of mounted
specimens of 10 female adults and six for molecular identification. The primer pair that
amplified the mitochondrial cytochrome oxidase I (COI) gene was used to study the mo-
lecular characteristics and was continued with direct sequencing and sequence analysis.
The results showed that the morphological characteristics of the mounted specimen were
close to those of Pseudococcus jackbeardsleyi. Amplification of the COI gene yielded DNA
bands measuring 490 base pairs (bp), while homology and phylogeny analysis confirmed
the morphological identification. Based on BLAST analysis, the similarity of COI genes of
mealybugs in this study was above 99% with other P. jackbeardsleyi. The study specimen
was identified as P. jackbeardsleyi on the seed rhizomes of C. aeruginosa by comparing the
morphological features of insect specimens and results of the species available in Gene-
Bank. This result represented the first documented report about the presence of the species
in storage.
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Introduction

Blue ginger (Curcuma aeruginosa) is an aromatic and
herbaceous perennial tuber crop belonging to the Zin-
giberaceae family. Despite being underexplored, it is
highly regarded for its edible and medicinal rhizomes.
Its distinguishing features include rhizomes with pink
tips and grayish blue or blue centers, as well as leaves
adorned with purple or reddish-brown patches along

the sides of the midrib on the upper side of the lam-
ina, which fade with maturity. Native to Myanmar, it
is extensively cultivated in Malaysia and commonly
found throughout southeast Asia (Soorya et al. 2018).
The rhizomes contain secondary metabolites, such
as sesquiterpenes, monoterpenes, phenols, diterpe-
nes, phenanthrene, tetrapeptides, oxazole, triazine,
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piperidines, and oxygenated hydrocarbons (Nurcholis
et al. 2021). This part has been used as a traditional
medicine for gastrointestinal problems, uterine pain,
postpartum uterine, perimenopausal hemorrhage, and
dengue fever (Kamazeri et al. 2012). It is also antican-
cer (Nurcholis et al. 2021), and antimicrobial (Aziz
etal.2021).

Curcuma aeruginosa has not been widely cultivated
in Indonesia, limiting access to the rhizomes as a raw
material for herbal medicine. This shortage is due to
the reliance on small-scale cultivation in yards, leading
to variations in the quality. Cultivation on a compre-
hensive and intensive scale is needed to obtain quality
and standardized raw materials for herbal medicine.
This plant is propagated vegetatively using rhizomes
hence, an appropriate storage method is needed to
meet the demand for the seed.

The long-term storage of C. aeruginosa seed rhi-
zomes is often plagued by plant pests, leading to
shrinking and decreased viability. Damage caused by
insects during storage includes weight loss, reduced
water content and quality, discoloration, decreased
growth ability, and protein content in embryos as an
energy source. Based on the results of previous obser-
vations, the insect pests that attack the seed rhizome
of C. aeruginosa belong to the order Hemiptera and
family Pseudococcidae. The rhizomes of the genus
Curcuma can host insect pests, including Formicococ-
cus polysperes Williams (Firake et al. 2018) and Para-
coccus marginatus Williams and Granara de Willink
(Chellappan et al. 2013). Infected rhizomes during
storage can spread the pests through seed distribution
between islands and countries. This must be prevent-
ed through effective practices, including observation
and identification of mealybugs during storage. Initial
treatment information can be obtained to reduce at-
tacks and prevent spread to other areas through obser-
vation and identification of biological, anatomical, and
molecular characteristics.

Morphological identification of certain mealybug
species presents a challenge, particularly in identifying
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nymphs and males, which requires high expertise and
time-consuming efforts (Beltra et al. 2012). Molecular
markers can be used as a complement to morphologi-
cal identification, which provides a faster and more
accurate identification technique. DNA barcoding,
a taxonomic system based on information from short
nuclear DNA sequences, has been widely used for
the molecular identification of several insect families
(Banta et al. 2016). The mitochondrial cytochrome
oxidase I (COI) gene is the region selected as the
standard molecular marker for animal identification.
This region has been reported to discriminate between
Pseudococcidae species and others, such as Aphididae
species (Banta et al. 2016; Wieczorek et al. 2024).

Information regarding the presence of mealybugs
on the C. aeruginosa seed rhizomes during storage is
limited. Therefore, their existence needs to be explored
morphologically and molecularly. This study aimed to
examine and identify mealybug species on the seed
rhizomes of C. aeruginosa from Bogor, West Java,
Indonesia, based on morphological and molecular
characteristics.

Materials and Methods

This study was conducted in the Insect Pest Bioecology
Laboratory and the Molecular Laboratory of the Plant
Protection Research Group, the Indonesian for Spice
and Medicinal Crops Research Institute (ISMCRI), as
well as the Laboratory of Insect Biosystematics at the
IPB University of Bogor. The research stages included
collection, mass rearing, morphological observation,
and molecular characteristics analysis for the mealy-
bug.

Mealybugs collection

Mealybugs on the seed rhizomes of C. aeruginosa
(Fig. 1) were collected in the storage room of the
Seed Production Unit of ISMCRI (Bogor, Indonesia)

Fig. 1. Mealybugs on the seed rhizomes of Curcuma aeruginosa
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(6°34’44”S-106°47’10"E) at room temperature with
a soft brush. No other crops were stored in the stor-
age room. The seed rhizomes of C. aeruginosa infested
with mealybugs were taken and then placed in a jar
plastic covered with gauze for air circulation. Further-
more, 50 mealybugs were transferred to new C. aerugi-
nosa rhizomes without any other insects present to be
reared and identified.

Mealybug mass rearing

After being collected, the mealybugs were reared on
C. aeruginosa rhizomes under laboratory conditions
(25 £ 2°C, 70 + 10% relative humidity). The rearing
method was modified from Gonzalez-Hernandez et al.
(2005).

Observation of mealybug morphology

The mass-reared mealybugs were identified to con-
firm the species, then placed in a Syracuse watch glass
containing 6-8 ml of Essigs liquid, and one drop of
chloroform was added. A mealybug was pricked on the
dorsal submarginal surface and 1-2 drops of fuchsine
acid were added. The samples were heated at 60-70°C
for 15-30 min followed by cooling. The interior was
cleaned by pressing gently with a brush, then the
samples were transferred to another Syracuse watch
glass containing Essig’s liquid and chloroform. Clean-
ing was further performed until the interior looked
transparent. The mealybug was then transferred to
a glass slide that had been dripped with Heinz mount-
ing media, then covered with a cover glass and dried at
60°C for 5 min. Mealybug specimens were made from
10 female adults which have a complete morphological
structure. Identification keys are available for several
genera or complex species (Gullan 2000). Observation
and identification of mealybug morphology was done
using a compound and stereo microscope (Olympus
CX 21FS1) connected to digital camera Leica M250 C.
Identification was carried out based on the identifica-
tion key book by Williams and de Willink (1992) and
Williams (2004).

Molecular identification

Six mealybugs were used for molecular identifica-
tion. Isolation of single nymph or adult DNA referred
to the protocol of Banta et al. (2016), with the pro-
cedure as follows: an Eppendorf tube filled with one
mealybug plus a CTAB buffer solution [1% w/v CTAB;
1 M NaCl; 100 mM Tris HCI (pH 8.0); 20 mM EDTA
(pH 8.0); 1% w/v PVP], reaching 100 pl. The mealy-
bugs were crushed using a sterile gun, then the solution
was incubated at 65°C for 45 min and cooled to room

temperature. Subsequently, chloroform : isoamyl alco-
hol (C:1=24: 1= v/v) was added to the same volume
(v/v) and mixed by vortexing for about 10 s. The solu-
tion was centrifuged at 12,000 rpm for 5 min at room
temperature then the top layer was taken carefully and
transferred to a new Eppendorf tube. The solution was
precipitated by adding 1/10 volume of sodium acetate
solution (3 M; pH 5.2) and the same volume of cold
isopropanol. The Eppendorf tube was inverted until
the solution was mixed thoroughly or a DNA pellet
was formed, followed by storage at -20°C in a freezer
for 30 min to get more DNA pellets. The solution was
centrifuged at 12,000 rpm for 15 min at 4°C, then it
was discarded, and the DNA pellet was washed with
70% ethanol two times and air dried at room tempera-
ture. To the DNA pellet 20-30 pl of nuclease-free water
was added and frozen at -20°C until ready to use. Total
DNA quality was measured with the NanoPhotometer
Implen (Germany).

DNA amplification used primers targeting the lar-
val cuticle organ (LCO) region of the insect COI gene,
namely primers LCO-M-2d-F, ATAACTATACCTATY-
ATTATTGGAAG, and LCO-M-2d-R AATAAATGTT-
GATATAAAATTGG measuring around 490 bp (base
pairs) (Malausa et al. 2011). The LCO region of three
Indonesian mealybugs from Piper nigrum L. was also
successfully amplified by these primers in a previous
study (Miftakhurohmah et al. 2022). The PCR reagent
used was 2X MyTaq HS Red Mix (Bioline, Germany)
forward and reverse primers (10 pM) 1 pl each, with
1 ul DNA template (about 50-600 pg - pul™). Nuclease-
-free water was added until the reagent volume reached
20 pl. The PCR program used was predenaturation at
95°C for 5 min, followed by 30 cycles consisting of
denaturation at 95°C for 1 min, annealing at 48°C for
15 s, extension at 72°C for 1 min, and ending with a fi-
nal extension at 72°C for 10 min (Malausa et al. 2011).
For the template of negative control of PCR, nuclease-
-free water was used. DNA visualization was per-
formed on 1.5% agarose gel in 0.5X TAE buffer using
RedSafeTM gel dye (Intron Biotechnology). Gels were
observed and documented using a GelDoc fire reader
V4 (Uvitec Cambridge).

Confirmation of the amplified PCR product with
the primer LCO-M-2d-F/R was carried out by direct
sequencing. An initial analysis of the sequence results
was conducted using the BLAST program. The cor-
responding nucleotide sequences were then edited,
aligned, and homology analyzed with several related
sequences from GenBank using the Bioedit sequence
alignment editor program. Phylogenetic tree con-
struction was carried out using the Mega X program
(Hall 2013), using the neighbor-joining method with
1,000 bootstrap replications to estimate the evolu-
tionary distance between all sequences simultaneously.
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Results Gimpel and Miller (Hemiptera: Pseudococcidae). The
Jack Beardsley mealybug in this study was confirmed
by referring to the main external characteristics, such
The sample identification results showed that the as the bodies of adult females being broadly oval in
mealybug found on the seed rhizomes of C. aeruginosa ~ shape with well-developed legs (Fig. 2A), eight-seg-
belonged to the species Pseudococcus jackbeardsleyi ~ mented antennae (Fig. 2B), six discoidal pores on the

Morphological identification of mealybugs

Fig. 2. Characteristic morphology of Pseudococcus jackbeardsleyi adult females on the Curcuma aeruginosa seed rhizomes. (A) The body
is oval and has 17 pairs of cerarii around it. (B) eight segments antenna. (C) Six discoidal pores in the sclerotized area around the eye.
(D) Two conical setae on each serarii. (E) Three conical setae on the cerarii of the head. (F) Hind leg. (G) Translucent pores in the hind
femur. (H) Translucent pores. (1) Translucent pores in the hind tibia. (J) The sclerotization of the anal lobe is more minor than on the anal
ring. (K) Anal lobe cerarii, each containing two stout conical setae and crowded trilocular pores. (L-M) Multilocular disc pores spread
on V-VIl abdominal segments. (N) Oral rim tubular ducts are present on the thorax. (O) Oral rim tubular ducts have one short setae.
(P) Oral collar tubular ducts are located near the cerarii
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sclerotized area around the eye (Fig. 2C), 17 pairs of
cerarii around the body (Fig. 2A) and each cerarii
had two conical setae (Fig. 2D). Cerarii on the head
(C15-C17) bear 3-5 conical setae (Fig. 2E) and C7
usually has three conical setae. Translucent pores are
on the hind femur and tibia (Figs 2G-I, 2H). Another
feature is anal lobe cerarii, each containing two stout
conical setae and crowded trilocular pores (Fig. 2K).
The sclerotization of the anal lobe is triangular or
square and smaller than the anal ring (Fig. 2J). Multi-
locular disc pores are distributed on V-VII abdominal
segments (Fig. 2L-M). Oral rim tubular ducts often
have one short seta (Fig. 20) and one discoidal pore
adjacent to the rim. These oral rim tubular ducts are
present submarginally on the thorax (Fig. 2N-0), usu-
ally submedially in the abdomen and midline. In ad-
dition, oral collar tubular ducts are located near the
cerarii (Fig. 2P).

Molecular identification of mealybugs

Total DNA amplification of the mealybugs using the
primers LCO-M-2d-F and LCO-M-2d-R resulted in
DNA bands measuring approximately 500 base pairs
(bp). Homology analysis (confirmed with BLAST
analysis) showed that the sequences obtained had
an identity percentage above 99% with P. jackbeards-
leyi from various hosts and countries. Approximately

89.50-91.40% resemblance was recorded with other
species of mealybugs (Pseudococcus comstocki, Pseudo-
coccus cryptus, Pseudococcus odermatti, Pseudococcus
viburni, Paracoccus gillinae, Atrococcus paludinus, Fer-
risia virgata, and Planococcus lilacinus (Table 1).

The LCO sequence of P, jackbeardsleyi from C. aeru-
ginosa has been registered at GenBank with the acces-
sion code LC722456. In the phylogenetic tree, P. jack-
beardsleyi from Indonesia was close to P. jackbeardsleyi
from China and grouped with P. jackbeardsleyi from
North Korea and India, separated from other Pseudo-
coccus species (P. viburni, P. comstoki, P. odermatti, and
P, cryptus), as well as other species of mealybugs (E vir-
gata, Pl lilacinus, A. paludinus, and PL gillinae). Aphis
fabae from Italy, which was used as an outgroup, formed
a group separate from the mealybug sequence (Fig. 3).

Discussion

The mealybug P. jackbeardsleyi, also known as the Jack
Beardsley mealybug, originates from the Neotropics
and has spread throughout the Americas, as well as
portions of Asia, Africa, and Oceania (Wang et al.
2018). Initially, this mealybug was unintentionally de-
tected in Hawaii in 1959, then found in Kiribati (1972),
Tuvalu (1976), and Papua New Guinea (1979) (Gimpel
and Miller 1996). Meanwhile, in Asia, P. jackbeardsleyi

Table 1. Nucleotide homology of Indonesian Pseudococcus jackbeardsleyi from the Curcuma aeruginosa seed rhizome with species of

mealybug from GenBank

No Species Country GenBank accession % similarity
1. Pseudococcus jackbeardsleyi China KU296283 99.50
2. Pseudococcus jackbeardsleyi China MN901464 99.50
3. Pseudococcus jackbeardsleyi India KC119455 99.50
4. Pseudococcus jackbeardsleyi South Korea HQ179902 99.30
5. Pseudococcus comstocki China KY373167 91.40
6. Pseudococcus comstocki China KP692668 91.10
7. Pseudococcus cryptus China KP692676 90.10
8. Pseudococcus cryptus South Korea HM474373 89.50
9. Pseudococcus odermatti China KP692683 91.10
10. Pseudococcus odermatti China KP692687 91.10
11. Pseudococcus viburni China KP692723 90.10
12. Pseudococcus viburni France JQ085549 90.10
13. Paracoccus gillinae China KY372944 91.40
14. Paracoccus gillinae USA KJ830765 91.40
15. Atrococcus paludinus China KY372816 90.70
16. Atrococcus paludinus South Korea HM474084 90.70
17. Ferrisia virgata China KY373080 90.10
18. Ferrisia virgata Indonesia LC596435 90.10
19. Planococcus lilacinus South Korea HM474309 90.10
20. Planococcus lilacinus China KY373168 89.90
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Fig. 3. The phylogeny tree of Pseudococcus jackbeardsleyi from C. aeruginosa seed rhizomes from Bogor-West Java with
P. jackbeardsleyi and other species of mealybugs from GenBank. Aphis fabae was used as an outgroup

was first reported in Singapore (1958) followed by Ma-
laysia (1969), Indonesia (1973), the Philippines (1975),
Brunei Darussalam (1979), Thailand (1987), Maldives,
and Vietnam (1994) (Williams 2004).

Pseudococcus jackbeardsleyi mealybugs are small
(an adult female measures 3.1 x 1.6 mm, while the
newly emerged nymph is 0.7 x 0.4 mm, and the egg
0.5 x 0.3 mm) (Gimpel and Miller 1996). This inva-
sive insect can be easily transported with agricultural
products (Miller et al. 2002; Muniappan et al. 2009).
Pseudococcus jackbeardsleyi could invade 88 genera in
38 families and 93 plant species (Muniappan et al. 2009;
CABI 2018). The association between P. jackbeardsleyi
and their potential plant hosts is poorly studied, espe-
cially in Indonesia. Previous records of host plants re-
ported in Indonesia, include P. nigrum (Sartiami et al.
2010), Manihot esculenta (Lena and Puu 2018), and
dragon fruit (Sartiami et al. 2020). Other host plants
include tropical and subtropical fruits, namely pineap-
ple, litchi, mango, banana, durian, dragon fruit, citrus
fruit, waxapple, melon, mangosteen, and rambutan,
beverage plants, like coffee and cocoa, ornamentals
like irises and Chinese roses, vegetables like pepper,
tomato, potato, pumpkin, and celery, fiber plants, like

cotton, and more (Gimpel and Miller 1996; Mani et al.
2013; Palma-Jiménez and Blanco-Meneses 2016; CABI
2018; Wang et al. 2018).

In the present study, for the first time P. jackbeard-
sleyi was found attacking on the seed rhizomes of
C. aeruginosa in storage from P. nigrum plantations.
In 2005, Sartiami et al. (2010) found P. jackberasleyi
on P. nigrum grown in Sukamulya (West Java, Indone-
sia) (6°56” S 106°46’ E) managed by the same institu-
tion, providing additional host information. In India
(2012), P, jackbeardsleyi was reported to be associated
with P. marginatus attacking papaya plants, potentially
causing a reduction in production quality and even
crop failure (Mani et al. 2013). Therefore, the presence
of P, jackbeardsleyi must be a concern as it directly re-
duces seed quality.

Morphological analysis showed the characteris-
tics of P. jackbeardsleyi, specifically the adult females.
Although Sartiami et al. (2010) did not carry out mo-
lecular identification, their study reported that the
morphological characteristics identified were identi-
cal to those of the P. jackbeardsleyi species found in
C. aeruginosa. The presence of 16-17 pairs of cerarii
with auxiliary setae on adult females served as one of
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the most accessible distinguishing traits (Downie and
Gullan 2004).

The physical characteristics of Pseudococcus spe-
cies are highly ambiguous due to the resemblance in
the systematics (Gimpel and Miller 1996). Pseudococ-
cus jackbeardsleyi and Pseudococcus elisae Borchse-
nius (Hemiptera: Pseudococcidae) (CABI 2018) have
similar physical traits, including 17 pairs of cerarii on
the body’s edge. The anal lobe of the cerarii has two
cone-shaped setae, while the C17 cerarii has three. The
antenna has eight segments and translucent pores are
typically limited to the femur and tibial metacoxas.
Moreover, circulus exists between segments IIT and IV,
without an anal bar. There are two oral rim tubular ca-
nals in the head next to C17 and approximately nine
disc-shaped pores at the edge of the eye. The prima-
ry distinction is that P. jackbeardsleyi has an oral rim
tubular duct in segment VII of the sternal abdomen.
Additionally, it has a range of 14-27 oral rim tubular
ducts in the tergal abdomen with a maximum of 14
(Gimpel and Miller 1996).

The COI gene of the mealybug from blue ginger
had higher similarity with P. jackbeardsleyi from sever-
al countries (Table 1). Phylogenetic analysis also sup-
ported the homology analysis results by grouping the
mealybug from C. aeruginosa into the P. jackbeardsleyi
group. Molecular analysis confirmed the morphologi-
cal identification.

Although P, jackbeardsleyi has never been reported
as a severe pest, this species has become distributed
relatively rapidly and is well established in 47 countries
or regions (CABI 2018). This situation could be injuri-
ous, specifically due to the absence of suitable natural
enemies (Williams and Watson 1988; CABI 2018).

The presence of mealybugs caused C. aeruginosa
rhizomes to shrivel and become smaller. Early detec-
tion of the presence of this pest is important to avoid
outbreaks and to know how to manage it (Wang et al.
2018). Mani and Shivaraju (2016) stated that mealy-
bugs secrete honeydew in all developmental stages,
from early instar nymphs to adults. This secreted ma-
terial sticks to plant parts, attracting fungus that causes
sooty mildew disease capable of reducing the quality
of agricultural products. Sooty mold has never been
observed on C. aeruginosa rhizomes in the field. Addi-
tionally, the discovery of mealybugs occurred in stor-
age only recently, and its field-related disadvantages
remain unstudied. A notable immediate drawback
during storage manifests as shriveled rhizomes leading
to weight loss, consequently impacting rhizome qual-
ity. In Zingiberaceae cultivation, include C. aerugino-
sa, diseases such as soft rot, anthracnose, and infesta-
tions by thrips and scale insects significantly diminish
yields. If these pests are detected on the C. aeruginosa
seed rhizomes in storage facilities, they are likely to

transfer to the field, facilitated by other insects, such
as ants (Hui and Liu 2023). Therefore, the presence of
mealybugs on the C. aeruginosa rhizomes necessitates
comprehensive management strategies in storage areas
and the field to mitigate potential risks. Furthermore,
the presence of mealybugs associated with ants (Hy-
menoptera: Formicidae) can reduce the population of
natural enemies, such as parasitoids and other preda-
tors. In this case, the ants protect mealybugs so that the
control will be constrained (Fanani et al. 2020).

It is essential to have a fast and accurate way to iden-
tify this invasive pest for plant management, quaran-
tine, and monitoring. The prevention strategy for con-
trolling the spread of the mealybug P. jackbeardsleyi in
Indonesia generally involves quarantine measures im-
plemented at Pre Border, At Border, and Post Border
stages. Control practices are guided by national laws,
specifically Law No. 12 (1992) concerning the plant
protection system, and Law No. 21 (2019) concern-
ing animal, fish, and plant quarantine. Additionally,
these practices adhere to international standards gov-
erning global plant protection and health. From this
research, it is hoped that further research regarding
a comparison of the chemical composition of infested
and healthy C. aeruginosa seed rhizomes will be done
since it is critical to determine direct losses. Timely
monitoring and exploration of control techniques
management for P, jackbeardsleyi will also be necessary
in the future so that the attack level during storage can
be reduced and spreading via seed rhizomes to other
areas can be prevented early.
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