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Abstract During the spring of 2015, fruit rot symptoms were
observed on pomegranate fruit in an orchard located in
Oaxaca, Mexico. Characteristic lesions were collected and a
fungus was isolated from these lesions. Based on morpholog-
ical characteristics, analysis of rDNA-ITS sequences, and
pathogenicity tests on pomegranate fruits, the causal agent
was identified as Pilidiella granati. This is the first report of
P. granati causing pomegranate fruit rot in Mexico.
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Pomegranate (Punica granatum) is an important shrub of the
tropical and subtropical regions of the world, which is valued
for its delicious edible fruit (Badizadegan and Khabbazian
1977). The edible part of the fruit is called arils, which are eaten
fresh and can be preserved as syrup or used for making juice
and jam. In addition, the tree is also valued for its pharmaceu-
tical properties. Pomegranates can help prevent or treat various
disease risk factors including high blood pressure, high choles-
terol, oxidative stress, hyperglycemia, and inflammatory activ-
ities (Zarfeshany et al. 2014). The fruit peel, stem, root bark and

leaves are a good source of secondary products such as tannins,
dyes and alkaloids (Mars and Marrakchi 1999).

InMexico, pomegranate production is mainly concentrated
in seven states (Oaxaca, Hidalgo, Guanajuato, Morelos,
Sonora, Estado de México, and Puebla). In 2014, the produc-
tion was 4362 ton distributed in 716 ha (SIAP 2015).

During the spring of 2015, severe symptoms of a fruit rot
disease were observed on 60 to 85% of pomegranate fruits in an
orchard located in Oaxaca, Mexico. The initial symptoms
consisted of dark brown lesions that later increased in size
and resulted in fruit rot.

To isolate the fungus, pieces of 5 × 5 mm were taken from
the margins of diseased tissue, surface disinfested by immer-
sion in a 1% sodium hypochlorite solution (NaOCl) for 2 min,
rinsed three times with sterile distilled water and dried on
sterilized paper. The pieces were placed in Petri plates con-
taining potato dextrose agar (PDA) (Difco®, USA) and plates
were incubated at 25 °C for 6 days in darkness. Subsequently,
mycelial plugs of 5 mm in diameter from the edge of any
fungal hyphae that developed from the fruit tissues were trans-
ferred aseptically to fresh PDA. To obtain single spore cul-
tures, a single germinated conidium was removed and trans-
ferred to the new Petri plate containing fresh PDA. Cultures
were maintained as mycelial plugs in 15% glycerol at −80 °C.

For the morphological characterization of the fungus, slide
preparations were made in lactic acid using longitudinal sec-
tions of pycnidia present on the fruit and examined with a
compound microscope (Olympus BX41®, Japan). The qual-
itative and quantitative morphological characteristics of 20
pycnidia and 100 conidia were recorded. The identification
of the fungal species was done with the use of species descrip-
tion and a key reported by Van Niekerk et al. (2004).

Fungal colonies with white aerial mycelia and concentric
rings of black pycnidia were observed after 9 days of incuba-
tion (Fig. 1a, b). Pycnidia were solitary, globose and black with
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thin and membranous walls, 90 to 140 μm in diameter. Conidia
were hyaline, one-celled, ellipsoid to fusiform, and 12 to
16 × 3.2 to 5.1 μm. These morphological characteristics were
consistent with Pilidiella granati (syn. Coniella granati).

To confirm the identity of the fungus, genomic DNA
was extracted from mycelia using a DNeasy Plant Mini
Kit (Qiagen®, CA, USA) according to the manufacturer
protocol. The quality of the DNA was verified by electro-
phoresis in a 1.0% agarose gel. DNA concentrations were
quantified using a NanoDrop Lite Spectrophotometer
(Thermo Scientific®, USA) and the samples were diluted
to 50 ng μL−1 for PCR reaction.

The rDNA internal transcribed spacer region (ITS1–5.8S–
ITS2) of a representative isolate was amplified using primers
ITS5/ITS4 (White et al. 1990). The amplified PCR product
was purified using the Wizard SV Gel and PCR Clean-Up
System (Promega®, USA) and sequenced directly using
ITS5/ITS4 primers with the Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems®, USA) and analyzed
with an ABI PRISM 3130xl Genetic Analyzer (Applied
Biosystems®, USA). The resulting 579-bp sequence was de-
posited in GenBank (Accession number KX369239) and was
compared with other ITS sequences. BLASTn analysis of the
sequence showed a 99% nt identity with those of P. granati
from pomegranate from South Africa (KT279814) and China
(HQ166057). The isolate used in this study was deposited in
the Culture Collection of Phytopathogenic Fungi of the
Department of Agricultural Parasitology at the Chapingo
Autonomous University (Texcoco, Estado de México,
Mexico) under the accession number BUACH-T156^.

Pathogenicity tests were carried out on 10 ripe pomegran-
ate fruits. Fruit were previously disinfested by immersing
them in 1% sodium hypochlorite solution for 2 min, washed
three times with sterile distilled water and dried on sterilized
paper towels. Fruit were wounded in four areas with a sterile
toothpick (3 mm of depth) and 10 μL of a conidial suspension
(1 × 106 conidia mL−1) were pipetted into each wound, on
each of ten fruit. Five fruit were mock inoculated with distilled
water as a control. All fruit were placed in plastic containers
and maintained at 25 °C for 10 days. The entire experiment
was conducted twice. All inoculated fruits developed fruit rot
within 6 to 9 days after inoculation (Fig. 1c), whereas no
symptoms were observed on the control fruits (Fig. 1d).
Furthermore, the pathogen was re-isolated from all inoculated
fruit and was identified to be P. granati as described above,
fulfilling Koch^s postulates.

To the best of our knowledge, this is the first report of
P. granati causing pomegranate fruit rot in Mexico. This path-
ogen has been previously reported causing cankers on shoots,
fruit rot and crown rot of pomegranate in Brazil (Mendes et al.
1998), Greece (Tziros and Tzavella-Klonari 2008), Spain
(Palou et al. 2010), Israel (Levy et al. 2011), Iran
(Mirabolfathy et al. 2012), Turkey (Çeliker et al. 2012),
China (Chen et al. 2014), Italy (Pollastro et al. 2016), and
USA (Michailides et al. 2010; KC and Vallad 2016).

Pomegranate is highly susceptible to P. granati, and the
disease caused by this plant pathogenic fungus has resulted in
substantial losses and is threatening the expansion of pome-
granate cultivation in Greece (Thomidis 2015) and other coun-
tries (Palou et al. 2010). According to Sharma and Tegta
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Fig. 1 Morphological
characteristics and pathogenicity
of Pilidiella granati. (a) Colony
grown on PDA at 25 °C in the
dark for 10 days. (b) Close up of
pycnidia developed on the surface
of PDAmedium. (c) Pomegranate
fruit inoculated with P. granati
and showing rot symptom. (d)
Healthy pomegranate fruit
(control)
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(2011), the incidence of the disease is higher in regions where
infected fruit are often seen in the form of dark brown to black
fruit mummies scattered on the orchard floor. Besides, the use
of fungicides may be the best method to protect the fruit and
control this disease. However, there is limited information
about the chemical control of P. granati (Thomidis 2015).
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