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Abstract
Fruit rot infected with blue mold was found on muskmelon growing in a polytunnel located at Songkhla province southern
Thailand in 2018. The blue mold fungus isolated from the infected fruit was identified as Penicillium oxalicum based on
morphological characteristics and DNA sequences of the internal transcribed spacer (ITS) and the large subunit (LSU) regions
of ribosomal DNA, and the calmodulin (CaM) gene region. Pathogenicity tests showed thatP. oxalicum isolate was pathogenic to
healthy muskmelon and Koch’s postulates were satisfied by re-isolating the pathogen. This is a first report of muskmelon fruit rot
caused by P. oxalicum in Thailand.
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Cucumis melo var. reticulatus, belonging to the Cucurbitaceae
family, is commonly called muskmelon or cantaloupe. The
shape is round, with light green skin and a light brown retic-
ulated rind, and with green or orange pulp. Recently, musk-
melon has become popular among the consumers and eco-
nomically important in Thailand. Consumers prefer this fruit
for its texture, sweetness, aroma, and it is a rich source of
phytonutrients such as ascorbic acid, carotene, folic acid and
potassium (Menon and Ramana Rao 2012). Fungal diseases
of cucurbits that reduce yield and quality at various fruit grow-
ing stages include Fusarium wilt caused by Fusarium
oxysporum f. sp. melonis (Oumouloud et al. 2013), downy
mildew caused by Pseudoperonospora cubensis (Savory
et al. 2011), powdery mildew caused by Golovinomyces
cichoracearum and Podosphaera xanthii (Aguiar et al.
2012), and gummy stem blight caused by Stagonosporopsis
cucurbitacearum (syn. Didymella bryoniae) (Wolukau et al.
2007; Nuangmek et al. 2018). Furthermore, yellow leaf dis-
ease of muskmelon caused by Tomato leaf curl virus was
reported in Thailand (Samretwanich et al. 2000).

In January 2018, both young and mature muskmelon fruit
showing symptoms of blue mold were found in a polytunnel
in Hatyai city, Songkhla, Thailand. After fruit set, the female
flower still attached to the base of fruit was infected first, and
the fungal mycelia then colonized the fruit tissues. The infect-
ed fruit showed water soaked spots at the bottom and the
lesion later extended to the upper part of the fruit. Bluish green
sporulation was abundantly visible on the lesion (Fig. 1a, b).
The infected fruit rotted completely, causing severe yield
losses. Rotted muskmelons were collected and fungal spores
were directly plated on to water agar (WA) and incubated at
room temperature (28–30 °C). A hyphal tip was transferred to
potato dextrose agar (PDA) and incubated at room tempera-
ture for 7 days. A ten-fold serial dilution was done for single
spore isolation. Since Penicillium spp. are not common path-
ogens on muskmelon, the objective was to identify the
Penicillium sp. causing blue mold fruit rot of muskmelon,
and to determine its pathogenicity by artificial inoculations
made on detached healthy fruit.

Colonies on PDAwere circular or elliptical, with even mar-
gins, attaining a diameter of 4.0 cm within 7 days at room tem-
perature. Colony surfaces were flat and velvety in texture.
Colony centers were blue-green fading to white towards the col-
ony margins (Fig. 1c, d). Conidiophores were monoverticillate,
or biverticillate and asymmetrical. Phialides were cylindrical
(Fig. 1e, f). Conidia were consistently elliptical and smooth,
measuring 2.7–3.9 × 4.1–5.6 μm as observed with the light mi-
croscope (Fig. 1g). Based on these morphological features, the
isolates from muskmelon were identified as Penicillium
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oxalicum, in the Pencillium section Lanata Divaricata. A culture
of the fungal pathogenwas deposited in the Culture Collection of
Pest Management Department, Faculty of Natural Resources,
Prince of Songkla University (PSU), Thailand, with accession
number PSU-PM-CM01.

To confirm the species identification, the isolate was cul-
tured on PDA at room temperature for 3 days for DNA extrac-
tion. Fungal genomic DNAwas extracted from mycelia by the
mini preparation method (Saitoh et al. 2006). The internal tran-
scribed spacer (ITS1–5.8S-ITS2), and parts of the large subunit
(LSU) and the calmodulin (CaM) gene were amplified using

BIO-RAD T100™ Thermal Cycler (BioRad, Hercules, CA,
USA). Amplification of the gene region used the primer pairs
ITS1/ITS4 (White et al. 1990) for ITS, LROR/LR5 (Vilgalys
and Hester 1990) for LSU, and CMD5/CMD6 (Hong et al.
2006) for CaM. The PCR was performed in 25 μl of reaction
mixture containing 10 pmol of each primer, 2× Dreamtaq
Green PCR Master Mix (Thermo Scientific) and 50 ng of
DNA template. An initial denaturation step for 3 min at
95 °C was followed by 35 cycles of denaturation for 30 s at
95 °C, annealing for 30 s at 50 °C, and extension for 1 min at
72 °C, with a final extension step of 10 min at 72 °C for all

Fig. 1 Blue mold rot caused by
Penicillium oxalicum on
muskmelon: a water soaked
lesion on the young infected fruit,
b sporulating lesion on mature
fruit. Pathogen images: 7 day-old
culture on PDA at 28–30 °C (c.
top view; d. bottom view), e –f
conidiophores, and g conidia in
chain formation, The scale bars
represent 20 μm
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primer pairs. The PCR products were visualised by agarose gel
electrophoresis. The ITS, LSU and CaM gene regions were
sequenced at Macrogen Korea (Seoul). Using BLAST analy-
ses, the sequences obtained were compared with known se-
quences available in Genbank (The National Center of
Biological Information). The BLAST search revealed that the
sequences sampled from the isolate PSU-PM-CM01 had a
100% match with P. oxalicumWJF44 (KU877612, rice rhizo-
sphere soil, China) for the ITS regions, and 99% with
P. oxalicum TJM-F1 (MH169231, unknown source, China)
and P. oxalicum HP7–1 (KP284553, soil, China) for LSU and
CaM gene regions, respectively. These sequences have been
deposited in GenBank with accession numbers LC386215,

LC386316 and LC386216 for ITS, LSU and CaM, respective-
ly. For phylogenetic analyses, nucleotide sequences of the ITS
regions were aligned with sequences of ex-type cultures from
closely related taxa (Penicillium section Lanata Divaricata)
(Visagie et al. 2015) using MUSCLE of the MEGA v. 7.0
(Kumar et al. 2016) and manual adjustments were applied
when necessary. The alignments were submitted to TreeBase
(submission ID http://purl.org/phylo/treebase/phylows/study/
TB2:S22860). Further, the data were analysed using the
maximum likelihood (ML) with partial deletion of gaps and
1000 bootstrap replicates. According to the phylogenetic rela-
tionships, our P. oxalicum isolate (PSU-PM-CM01) from C.
melo var. recticulatus was clearly confirmed as P. oxalicum

Fig. 2 Maximum likelihood
(ML) phylogenetic tree of
Penicillium oxalicum including
related species from GenBank,
based on rDNA ITS sequences.
Penicillium glabrum is used as
the outgroup. ML bootstrap
support ≥80%
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closely related to P. oxalicum CBS 219.30 (ex-type) P.
oxalicum CBS 173.81 and P. oxalicum CV 822 (Fig. 2).

For pathogenicity tests, detached healthy muskmelon fruit
(10-day-old) were surface sterilized by immersing the fruit in
70% ethanol for 3 min and then rinsing two times in sterile
distilled water and drying with sterilized tissue paper. The
flowering end of the fruit were sprayed with a spore suspen-
sion of P. oxalicum (1 × 106 conidia/ml) prepared from 10-
day-old colonies of the isolates. The control treatment was
sprayed with sterilized distilled water. Four replicate fruit were
tested per treatment and the experiment was carried out two
times. All fruit were placed in moist plastic box and then kept
in a polytunnel (30–32 °C, 60% relative humidity) for 2weeks.
Water-soaked lesions appeared on fruit 7 days after inocula-
tion, and these then rotted within 14 days. The fungal patho-
gen was re-isolated and its morphology matched P. oxalicum.

Plant disease caused by P. oxalicum has been reported on
many host plants: for example, stem and fruit rot of cucumber
(Cucumber sativa) in Canada (Jarvis et al. 1990) and tomato
stem and fruit rot in Mexico (Picos-Munoz et al. 2011). Blue
mold fruit rot caused by P. oxalicum on melon has been re-
ported in Korea (Kwon et al. 2002) but the variety was differ-
ent (C. melo cv. gayabaegja). There have been no reports of
P. oxalicum causing blue mold fruit rot on muskmelon in
Thailand or anywhere else, so this is the first such report.
Consequently, further research is required to find efficacious
methods to manage the disease.
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