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After recent reports of the high antioxidant content of
pomegranate fruit and juice, the pomegranate (Punica
granatum) industry has increased to >20,000 acres in
California during the last decade. In addition, acreage has
increased worldwide. There is not much information known
about diseases affecting pomegranate fruit. However, due
to increased interest in this crop, more reports of fruit
diseases are being published. For instance, the following
fruit diseases have been reported: gray mold caused by
Botrytis cinerea, black heart caused by Alternaria spp.,
and Penicillium and Aspergillus rots caused by Penicillium
glabrum and Aspergillus niger. However, in the last two
years, another soft rot, associated with a pycnidial fungus,
Pilidiella granati, was observed in fruit obtained from fields,
packinghouses, and storage. This decay is very different
from black heart rot in that it decays both the arils and
the fruit rind while black heart causes decay of the arils
only, without moving into the fruit rind (Fig. 1).

Results

Koch’s postulates. Exp. 1.
Mature fruit cv. Wonderful were obtained from an orchard at the
Kearney Agricultural Center, surface sterilized by dipping for 3
min in a 1% chlorine solution, allowed to dry, and inoculated.
Two methods of inoculation were used: a) by injecting 0.5 ml of
a 50,000 spores/ml conidial suspension into the aril compartments
using a 23 gauge syringe (Fig. 2); and b) by wounding (1 x 1 x 1
mm wounds) each fruit and placing 20 µl of the above spore
suspension per wound. Two isolates (Pg-1 and Pg-3) of P. granati
were used in these experiments with five replicated fruit per
isolate and the experiment was repeated once. The isolates of
P. granati (Fig. 3) were isolated from decayed pomegranate fruit
from two commercial orchards in the San Joaquin Valley. Ten
fruit were inoculated and ten fruit were used as non inoculated
control. The fruit were incubated at 25°C for 9 days and the decay
lesions were recorded after 6 and 9 days.

Koch’s postulates. Exp. 1.
In general, both isolates of P. granati infected mature pomegranate
fruit and produced symptoms similar to those observed in the
orchard and in fruit from postharvest storage. The fungus decayed
the rind and the arils as well as the membranes separating the
aril compartments (Fig. 1B). Decayed tissues were soft, brown
and red-violet juice leaked from the rotten fruit. Pycnidia of the
pathogen developed on the surface of the fruit and were similar
to those observed naturally (Fig. 6). The fungus P. granati with
the white to yellowish mycelia and the black solitary pycnidia
was re-isolated from infected tissues, thus confirming Koch’s
postulates. An average of 90% of fruit decayed with the injection
method while 20 to 40% of the fruit were infected by the woundinoculation method after 9 days of incubation (Table 1).

Spread of decay. Exp. 2.
To determine whether decay can spread
from fruit-to-fruit by contact, fruit with well
developed lesions by P. granati (obtained
from the Exp 1; Fig. 2) were placed in a
humid chamber in contact with intact healthy
fruit over plastic screens in plastic containers
and the containers were incubated at 25°C
for 12 days. Contact of the infected fruit with
the healthy fruit was achieved with adhesive
tape. Spread of decay from decayed to
healthy, unwounded fruit was determined
after 6 and 12 days incubation.

Fig. 2. Inoculation of pomegranates with a spore suspension of
Pilidiella granati; fruit were incubated at 25°C for 9 days.

Spread of decay. Exp. 2.
Both isolates caused
decay on healthy fruit that
was placed in contact
with infected fruit. P.
granati spread to
approximately 50% of
healthy fruit from the
decayed fruit (Table 1),
suggesting that spread
of the disease to healthy
fruit does not require a
wound.

Objectives

Cardinal temperatures.
To determine growth rates of P. granati at different temperatures,
two isolates were grown in Petri plates (90 mm diameter)
containing acidified PDA and incubated at various temperatures,
ranging from 15 to 35 °C. Five replicated plates were used per
temperature. Diameter of colonies were measured after 3 days
incubation.

Cardinal temperatures.
Although not very many temperatures were studied in this
preliminary study, it is apparent from the growth of the fungus
that the optimal range for mycelial growth of the fungus is between
25 to 30°C (Fig. 7). P. granati did not grow at 35°C, which suggests
that its max temperature for growth is between 30 to 35°C.

The objectives of this study were to prove Koch’s postulates
for the pycnidial fungus Pilidiella granati and initiate studies
on the ecology and epidemiology of the disease in
pomegranate fields to determine the life cycle of this
putative pathogen. It is hoped that determining the
parameters affecting this disease can help pomegranate
growers develop management measures to reduce this
decay.

Occurrence of P. granati on fruit surface (latent infection).
To determine if the fungus resides as latent infections in the rind
of fruit, symptomless fruit without any wounds were obtained from
a packinghouse in early February 2010. Ten rind plugs of 7 mm in
diameter were removed from each of 6 fruit, surfaced sterilized in
1% chlorine solution, allowed to dry in a hood, and plated on
acidified PDA. The plates with the rind plugs were incubated at 25
ºC and the developing fungi recorded 12 days later.

Occurrence on fruit surface (latent infection).
Two samples were processed and 60 pieces of rind were plated.
A number of fungi were recovered from the rind pieces, including
Alternaria, A. niger, Aureobasidium pullulans, and Penicillium.
P. granati was recovered from 30% of the plated rind pieces
(Table 1). This is an indication that the fungus can cause latent
infections in the fruit surface and wait for favorable conditions
to invade the fruit and cause decay.

Occurrence in the field and overwintering.
In the winter, samples of mummified fruit (fruit not harvested but
left in the orchards) (Fig. 4A) and prunings (shredded pieces of
wood removed by pruning during winter) (Fig. 4B) were collected
and brought to the laboratory. Fruit and prunings were examined
first with a dissecting scope and whenever pycnidia were present,
microscope mounts were examined with a compound microscope.
When pycnidiospores of P. granati were suspected, they were
cultured on acidified PDA to confirm the identity of the fungus.

Occurrence in the field and overwintering.
Pycnidia of the fungus were also detected in 32% of the mummified
fruit and 20% of prunings (Table 1). The occurrence of this fungus
in debris of the orchard is likely important for the overwintering
of the fungus. Pycnidia with viable spores serve as the overwintering structure of the fungus. Fruit left in the field during the
winter seems to get infected and support growth and sporulation
of the pathogen for the next season.
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Fig. 1. Pomegranate with black heart (A) showing aril decay but not infecting
the fruit rind while Pilidiella rot (B) decays both the arils and the rind.

Occurrence of P. granati in trunks and blighted shoots.
To determine if P. granati occurs on blighted shoots of pomegranate
trees, samples were obtained from two different orchards where
sporadic trees (3 year-old) showed characteristic chlorotic foliage
or limb death (Fig. 5A). Healthy suckers were present emerging
from the lower part of their trunk and removal of some of these
trees confirmed that their root systems were healthy; however,
most of the affected trees had cankers on their trunks (Fig. 5B).
Samples of tree trunks and blighted shoots were brought to the
laboratory and isolations were made from the margins of advancing
cankers after surface sterilization in 1% chlorine solution.
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Fig. 3. Pilidiella granati isolated from pomegranate growing
on acidified potato dextrose agar for 1 to 2 weeks (A) and
a closeup showing the abundance of pycnidia produced (B).

Fig. 4B. Shredded prunings
left in the orchard floor after
winter pruning of pomegranate
trees.

Table 1. Experiments and methodology to prove Koch’s postulates, spread of
decay, and occurrence of latent infection and overwintering in the field of Pilidiella
granati isolated from decayed pomegranate fruit.

Occurrence of P. granati in trunks and blighted shoots.
Isolations from cankers in trees with chlorotic foliage and the
trunks of killed trees resulted in 62 - 70% incidence of P. granati
(Table 1). Isolates of the fungus are being tested now for
pathogenicity on young trees to determine if P. granati causes
cankers and killing of the trees, symptoms that are observed in
the field during the first 2 to 4 years after planting.
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Fig. 4A. Small, split,
and misshapen fruit are
not harvested and left
in the field. P. granati
can overwinter on these
fruit (mummies).
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Fig. 5. A 2-year-old pomegranate tree
“infected” in the field showing chlorotic
canopy (A); characteristic canker in the
trunk of this tree (B).
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Fig. 7. Average growth of two isolates of Pillidiella granati on acidified PDA
incubated at different temperatures for 3 days.

Pilidiella granati was proven to be pathogenic on pomegranate fruit causing a soft decay
that may become a problem in future years since acreage of pomegranate is expanding rapidly. The growth of the pathogen is favored by relatively high temperatures.
If the fungus is proven to be pathogenic on young trees, it is expected that growers will have losses of trees in future plantings in addition to losses due to fruit decay
caused by P. granati. The fungus overwinters in the orchard in prunings, fruit mummies, and dead shoots. Irrigation water and rains can spread the pycnidiospores
from overwintered pycnidia onto the bark of the trees and the surface of young fruit and cause latent infections. This is the first report of Pilidiella granati causing a
fruit rot of pomegranate. In addition, P. granati is reported for the first time worldwide associated with cankers and killing of young pomegranate trees.

