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ABSTRACT

Banana blast was frequently encountered in greenhouses of Jeju province during a local survey of plan
diseases from 1985 to 1986. The disease incidence on banana was very severe up to 100% in a greenhouse. Thi
causal fungus was identified as Pyricularia angulata Hashioka based on mycological characteristics and Patho
genicity of the fungus. The symptom of blast produced on leaves of banana was circular to oval, dark brows
spots with yellow margins which measured 1-10mm in diameter, and the symptom on fruits was circular to oval
reddish brown or dark-brown, depressed spots which measured up to 20mm in diameter. The symptoms wert
scattered not only on leaves and fruits of banana but_also on petioles, leaf sheaths, bunch stalks and crowns
The pathogen was characterized that conidia were hyaline, 2 septated, ovate to pyriform with a small hilum
solitary at ends of denticles of conidiophores, and measured 16.0-34.0 x 7.0-12.0 gm (average 22.5 x 9.0um)
and conidiophores were mostly 2 septated, occasionally 2 or 3 branched, denticulate at the tips, and measure«
75.0-100.0 x 3.0-5.0 um (average 90.0 x 4.0 um). The optimum temperature range for mycelial growth of the
fungus on PDA was 26-28°C. The result of pathogenicity tests revealed that P. angulara had pathogenicity only
on banana. On the other hand Pyricularia grisea (Cke.) Sacc, isolated from Digitaria sanguinalis (L.) Scopo
was not pathogenic to banana. It was revealed that the leaves were the most susceptible to P. angulata amon;
several parts of banana in inoculation tests. Thirty-day-old fruits of banana were more susceptible to the fungu

than 60-day-old fruits, and bunch stalks were more susceptible than the fruits,
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INTRODUCTION

Unusual leaf spots and fruit pits of banana
(Musa sapientum 1L.) have been severely occurred
in greenhouses of Jeju province, Korea since 1988.
The diseased samples collected from there were
investigated. Pyricularia sp. was frequently isolated
from the lesions.

A pitting disease caused by Piricularia grisea
(Cke.) Sacc. or Pyricularia grisea (Cke.) Sacc. has
been recorded in banana (I, 4, 9, 10, I1, 12).
Hashioka (5), however, reported Pyricularia angu-
lata Hashioka as a new species of Pyricularia causing
banana blast and Pyricularia grisea (Cke.) Sacc. as
its synonym. On the other hand Pyricularia musae
Hughes (6, 7, 8), Pyriculariopsis parasitica (Sacc,
& Berl.) Ellis (2) and Parapyricularia musae Ellis
& Peregrine (3) have been identified as fungi occurr-
ing on banana,

In this report, mycological characteristics and
pathogenicity of Pyricularia sp. isolated from
banana were investigated and inoculation tests were

carried out with several parts of banana.
MATERIALS AND METHODS

Isolation and investigation. Diseased samples
having the symptoms of unusual spots and pits of
banana were collected from greenhouses of Jeju
province from 1985 to 1986. Lesions from the

diseased samples were cut into 1 x lcm pieces, and

surface of them was disinfected in 1% sodium

'hypochlorite solution for two to three minutes.

The pieces were plated on water agar (WA) in 9cm
petri dishes after washing with sterile water and
drying in filter papers. Pyricularia sp. was isolated
'from the lesions on WA after incubating at 25-28°C
under fluorescent light for 7 days.

The size of 25 conidia and 25 conidiophores of
the fungus isolated from each diseased sample was
measured using a micrometer under compound
microscope. A total of 200 conidia and 100 conidio-
phores of the fungus was measured, and their charac-
teristics were investigated.

Monoconidial isolates of Pyricularia sp. were
transferred into slant n'wdia of potato dextrose
agar (PDA) for preservation. Five isolates were
tested to detect optimum temperature for mycelial
growth by growing them on PDA in 9cm petri
dishes in darkness. The average length of mycelial
growth was measured at 24hr intervals from 3 to 10
days after transferring S5mm diam. mycelial discs
to PDA. Cultural characterstics of the fungus were
observed during culturing periods on PDA in dark-
ness or under fluorescent light for 15 days. The
experiments were performed with three replications.

Inoculum. Five monoconidial isolates of Pyricu-
laria sp. isolated from banana were cultured on PDA
at 27 + 1°C for 15 days. The aerial mycelia grown
on PDA were removed by brushing with small quan-
tity of sterile water. Then the cultures were allowed
for sporulation at 27 + 1°C under fluorescent light

for 7 days and conidial suspension was prepared by
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scraping conidia with distilled water. The conidial
suspension was filtered through cheese cloth, and
adjusted to 10%-10% conidia per ml. Conidial sus-
pension of Pyricularia grisea (Cke.) Sacc. isolated
from Digitaria sanguinalis (L.) Scopo. was prepared
by the same method to compare its pathogenicity
with Pyricularia sp. isolated from banana.

Pathogenicity test. Healthy plants of Digitaria
sanguinalis (L.) Scopo., Musa sapientum L., Oryza
sativa L., Setaria italica (L.) Beauv. and Setaria
viridis (L.) Beauv. cultivated in pots were used for
the pathogenicity tests to determine host range of
Pyricularia sp. isolated from banana and Pyricularia
grisea (Cke.) Sacc. isolated from D, .mnguihalis.
Thirty-day-old plants of O. sariva namely Taehaeg,
Tongil, Nagdong and Nongbaeg were tested, The
growth stage of other tested plants was 30 to 40
days old. Each conidial suspension of Pyricularia
sp. and P. grisea was thoroughly sprayed on the
plants except banana, which was sprayed with a
faint sprayer. Inoculated plants were covered with
polyethylene vinyl bags and kept in a moist
chamber at 27 + 1°C for 48 hours before they were
placed in the greenhouse. Observations were made
at 12 days after inoculation. Young leaves and 30-
day-old fruits of banana were thoroughly sprayed
with each conidial suspension of Pyricularia sp. and
P, grisea, and incubated in moist plastic boxes at
27 1°C for 12 days.

Thirty-day-old fruits, 60-day-old fruits, bunch
stalks and leaves of banana were inoculated with
one isolate of Pyricularia sp. by the same method
to compare the susceptibility to the fungus in
several parts of banana, The age of fruits was mea-
sured by the number of days from the initiation
of the finger fruits from the bunch stalk, Observa-
tions were successively made during 13 days after
inoculation. Distilled water was sprayed for the
control treatment in the pathogenicity tests. All the
experiments of pathogenicity tests had three replica-

tions,

RESULTS

Disease and pathogen. The unusual leaf spots
and fruit pits of banana severely occurred in Jeju
province were identified as blast caused by Pyri-
cularia angulata Hashioka based on mycological
characteristics and pathogenicity. The disease in:
cidence was as severe as 100% in a greenhouse. The
symptom of blast produced on leaves of banana was
circular to oval, dark brown spots with yellow
margins which measured 1-10mm in diameter, and
the symptom on fruits was circular to oval, reddish
brown or dark brown, depressed spots which mea-
sured up to 20mm in diameter (Plate 1). The centre
of spots .on leaves first appeared as a brown point
with yellowish brown margin which measured
1-3mm in diameter, and later changed to dark
brown. The centre of spots on fruits first appeared
as a black point with reddish brown margin which
measured 1-3mm diameter, and later changed to a
dark brown or grayish black pit. The symptoms
were scattered not only on leaves and fruits of
banana but also on petioles, leaf sheaths, bunch
stalks and crowns,

P. angulara isolated from banana was compared
with other isolates previously reported by workers
in terms of conidial size (Table 1). The average
length of conidia isolated in this study was almost
the same as that by Hashioka, but the average width

B
i

Plate 1. Symptoms of blast on leaf and fruit of

banana caused by Pyricularia angulata,
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Table 1. Description of Pyriculuria angulata causing banana blast and its synonyms

Reference Pathogen Disease name Size of conidia(um)
‘&IC\(SSILI?I;,’LCP‘?};Z) Piricularia grisea (Cke.) Sacc. Pitting disease 24:0-29.0x 10.0-12.0
BERAHA, L. (1962) Piricularia grisea (Cke.) Sacc. Pitting disease 23.0-29.0x9.0-12.0
MEREDITH, D. S. (1962) Pyricularia grisea (Cke.) Sacc. Pitting disease 20.0-35.0 x 10.0-13.0
MEREDITH, D. S. (1963) Pyricularia grisea (Cke.) Sacc. Pitting disease 17.0-29.0 x 6.5-8.5

(Average 19.0 x 7.5)
HASHIOKA, Y. (1971) Pyricularia angulata Hashioka Banana blast 18.2-28.0 x 4.9-9.1

(Average 22.6 x 1.5)
Authors (1986) Pyricularia angulata Hashioka Banana blast 16.0-34.0 x 7.0-12.0%

(Average 22.5 x 9.0)

dMeasurement of 200 conidia isolated from diseased leaves and fruits of banana.

was slightly greater than that reported by Hashioka.
The range of conidial sizes investigated by authors
was in accord with those of th¢ synonyms by other.
workers. The shapes of conidia and conidiophores
of P. angulata dre shown in Plate 2. Conidia are
hyaline, 2-septated, ovate to pyriform with a small
hilum solitary at ends of denticles of conidiophores.
Conidiophores are mostly 2-septated, occasionally
2- or 3-branched, denticulate at the tips, and
measured 75.0-100.0 x 3.0-5.0 um (average 90.0

x 4.0.um). The cultural characteristics of the fungus

on PDA were slow mycelial growth, scanty aerial Plate 2. A conidiophore and conidia of Pyricu-
mycelium and few conidia formantion. At the same laria angulata from the lesion (left, X200),
time, colony appeared pale or dark brown, and the and conidia (right, X 400).

Table 2. Result of pathogenicity tests of Pyricularia angulata isolated from Musa sapientum and Pyricularia
grisea from Digitaria sanguinalis

Pathogenicity®

Plant tested

P angulata P. grisea
Digitaria sanguinalis (L.) Scopo. —(5) +(S)
Musa sapientum L. +(3) -(5)
Oryza sativa L. —(5) —(5)
Setaria italica (L.) Beauv. —(5) —(4), £ (1)
Setaria viridis (L.) Beauv. —(5) —(4), £ (1)

3The results were recorded in a greenhouse, 12 days after spray inoculation with conidial suspension, which
was followed by incubation in a moist chamber at 27 * 1°C for 2 days. Separately inoculated young leaves
and 30-day-old fruits of M. sapientum were incubated in moist plastic boxes at 27 * 1°C for 12 days. 30-day-
old seedlings of O. sativa namely Taebaeg, Tongil, Nagdong and Nongbaeg were tested. The symbol + signifies
strongly pathogenic, f: weakly pathogenic, and —: not pathogenic. The number in parenthesis indicates
number of isolates tested.

Pathogenicity. P. angulata was pathogenic only
optimum temperature range for mycelial growth to banana (Musa sapientum L.) among five different

wus 26-28°C. hosts tested (Table 2). The fungus was not patho-
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Table 3. Result of inoculation tests of Pyricularia
angulata to banana

Plant part Symptom at days after inoculation?
inoculated 7 9 10 13
30-day-old fruit - + A+ ++
60-day-old fruit - - + ++
Bunch stalk + ++ ++ ++
Leaf ++ ++ 44 4+

3The parts of banana inoculated with conidia sus-
pension by spraying were incubated in a moist
plastic box at 27 * 1°C. The symbol ++ signifies
many lesions produced, +: a few lesions, and ~:
no lesions.

genic to Digitaria sanguinalis (L.) Scopo., Oryza
sativa L., Setaria italica (L.) Beauv. and Setaria
viridis (L.) Beauv, On the other hand Pyricularia
grisea (Cke.) Sacc. was not pathogenic to banana
although it was pathogenic to D. sanguinalis, One
isolate of the fungus was weakly pathogenic to
Setaria spp.

Leaves were most susceptible to P. angulata
among several parts of banana in the inoculation
tests (Table 3). Thirty-day-old fruits were more
susceptible to the fungus than 60-day-old fruits,

Bunch stalks were more susceptible than the fruits.
DISCUSSION

The disease having symptoms of unusual leaf
spots and fruit pits of banana in Jeju province,
Korea was banana blast caused by Pyricularia angu-
lata Hashioka which was identified according to the
classification criterion of Hashioka (5). Piricularia
grisea (Cke.) Sacc. or Pyricularia grisea (Cke.) Sacc.
has been recorded as the causal fungus of a pitting
disease of banana which must be the same as the
banana blast (1, 4, 9, 10, 11, 12). Hashioka (S),
however, reported P. angulata as a new species
different from Pyricularia grisea (Cke.) Sacc. in
cultural characters, morphology and pathogenicity.
He reported that a unique morphological feature of
P. angulata was irregularly angular, sometimes
stellate appressorium which was distinctly different
from those of P. grisea and most other species of

Pyricularia that had almost globular appressoria and

which were not pathogenic to Digitaria snaguinali
(L.) Scopo. He used the epithet ‘angulata’ derive
from the distinguished mark of appressoria of th
fungus in nomenclature, The authors also foun
that P, angulata isolated from banana was differen
from P. grisea isolated from D. sanguinalis i
mycological characteristics and pathogenicity. Th
conidiophores of P. angulata in this experimen
were occasionally 2- or 3-branched, which was no
described in that of P grisea by Ellis (2). Howeve;
it was impossible to distinguish the morphologic:
differences of conidia between the two species
In addition the result of pathogenicity tests b
authors revealed that P angulata was not pathc
genic to D. sanguinalis as described by Hashiok
(5), and P. grisea was not pathogenic to bananz
Meredith (10) described the appressorial morphc
logy of Pyricularia isolated from banana which wa
the same as that described by Hashioka (5), but h
did not compare the morphology with that o
P. grisea. The workers (I, 4, 9, 10, 11, 12) wh
reported P. grisea as a causal fungus of pittin
disease on banana did not carry out pathogenicit:
test of the fungus against D. sanguinalis. The;efore
there is a possibility that £. grisea might be mis
jdentified as the causal fungus on banana, and alst
the fungus might be a synonym for P. angulata
Piricularia grisea (Cke.) Sacc. was a synonym o
Pyricularia grisea (Cke.) Sacc. because Saccardo’
original spelling for the genus was Pyricularic
although later he changed it to Piricularia.

Pyricularia  musae Hughes has been identifies
as a fungus occurring on banana (5, 7, 8). Elli
(2), however, recorded that the fungus was no
Pyricularia but a synonym of Pyriculariopsis parasi
tica(Sacc. & Berl.) Eilis which was a saprophyti
fungus with 3-septated conidia occurring on leave
and stems of banana. Ellis (3) also reported Para
pyricularia musae Ellis & Peregrine occurring o
leaves of banana. He indicated that it might be :
saprophytic fungus occurring on banana rathe
than a causal fungus of banana blast.

Hashioka (5) reported that P. angulata easil:

formed conidia on PDA. The result in this experi
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ment, however, revealed that few conidia of the
fungus were formed on PDA, indicating the sume
result by Meredith (10). Accordingly it requires
more investigations on sporulation using many
isolates of the fungus. _

There were a little differences in the width of
conidia between the present result and that by
Hashioka (5).- The range of conidial size by authors,
however, was in accord with those by other workers
(1,9, 10, 12). '

The result of inoculation tests of P. angulata to

several parts of banana revealed that 30-day-old

fruits of banand were more susceptible to the fungus

than 60-day-old fruits, and the leaves were the most
susceptible, Meredith (10) reported that infection
of the fungus mostly took place at the early stage,
even though symptoms developed much latér, In
some cases there was no sign of pitfing or spotting
on immature fruits or green fruits at the time of
harvesting, but the symptom was observed on the
fruits in the ripening rooms during transportation
(4). In addition, it was reported that rainfall and
high humidity favoured the development of the
diseasc (9, 11, 12). Accordingly much damages
caused by P. angulata are expected in Korea from
young stages to later stages of bunana growth be-

cause of humid conditjons in the greenhouses.
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