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Abstract Sixty-three strains of Mycosphaerella
fijiensis Morelet obtained from various Musa hosts
in a range of different countries and localities were
inoculated to juvenile plants of a standard set of
Musa genotypes. Individual strains had consistent
but different patterns of pathogenicity on the host
set. Some genotypes (SF215, 11-249 ('Saimea'),
'Grande Naine') were susceptible to practically all
isolates. Others, e.g., 'T8' and 'Calcutta', were
resistant to some isolates but susceptible to others.
Strains from Papua New Guinea and the Pacific
Islands exhibited a wide range of pathogenic
diversity. Some strains from those regions were
pathogenic on juvenile plants of genotypes
commonly used as sources of resistance in breeding
programmes ('Calcutta', 'Paka', and 'PisangLilin').
These strains may threaten resistant progeny derived
from those genotypes. Analysis of pathogenicity of
strains collected over 4 years in Rarotonga, Cook
Islands, has confirmed field observations that 'Paka'
resistance is no longer effective on that Island.
'Paka' virulence has been found to be widespread in
strains from the Pacific Islands and Papua New
Guinea. Juvenile plants of 'Yangambi' (AAA),
generally considered to be resistant to M. fijiensis,
were susceptible to strains which were virulent on
'Paka'. The availability of pure cultures of strains
with differential virulence on specific Musa
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genotypes will facilitate the analysis of the
inheritance of resistance to M. fijiensis.
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INTRODUCTION

Banana production for international trade accounts
for only c. 10% of an estimated 68 million tonnes of
bananas and plantains produced worldwide annually.
The remaining 90%, grown in small subsistence
farms or in backyard gardens is utilised directly in
households or in local trade, and is a staple food
item for millions of people throughout the tropical
world (Anon. 1988).

Black Sigatoka disease of bananas (also known
as black leaf streak), caused by Mycosphaerella
fijiensis Morelet, was first recorded as a serious
disease of bananas in the Fiji Islands of the South
Pacific in 1964 (Rhodes 1964). It has subsequently
spread to all continents with the exception of
Australia (Mourichon&Fullerton 1990). M. fijiensis
is particularly damaging to dessert bananas of AAA
genome as well as to cultivars belonging to other
genomic groups (AA, AAB, ABB). Although the
disease is a serious problem in commercial
plantations, it can be controlled by fungicides. Its
major impact has been in those areas of Central and
Latin America, and Africa which rely on banana
and plantain (AAB genome) as a staple food and
which have neither the financial nor technical
resources available for using fungicides. In those
situations, resistant cultivars offer the only viable
means of control.

The development to new Musa cultivars presents
special difficulties for plant breeding because of
high levels of male and female infertility, polyploidy,
and different genomic combinations in germplasm,
and the need to retain those features in the final
progeny. To ensure that the resistance being utilised
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in the breeding programmes is of a durable nature it
is necessary to have an understanding of: (1) the
genetic nature of the resistance in parent lines, and
in particular whether it is controlled by a single
major gene (specific or vertical resistance) or several
minor genes with additive effects (general or
horizontal resistance); and (2) the range of
pathogenic diversity in populations of the pathogen,
and its capacity for change.

Although resistance to the Sigatoka diseases
(initially yellow Sigatoka (M. musicola Leach ex.
Mulder), more recently black Sigatoka) has been an
objective of breeding programmes for many years,
(Jamaica >40 years, Honduras >30 years), little is
known of the inheritance of resistance to the Sigatoka
pathogens, or of the pathogenic diversity within
populations of the pathogens.

The South East Asia/Papua New Guinea/Western
Pacific region is a major centre of diversity for
bananas (Simmonds 1966) and subspecies of Musa
from this area have been widely used in breeding
programmes. It is also considered to be the centre of
origin of M. fijiensis (Stover 1978). Because
maximum diversity of both host and pathogen is
likely to be found within areas of co-evolution
(Buddenhagen 1987) the region offers an attractive
starting point for a study of pathogenic diversity in
M. fijiensis.

This paper reports a study of pathogenic
variability of M. fijiensis which was started in 1988
and involved strains obtained mostly from the Papua
New Guinea-South Pacific region but included
many from other areas (Fullerton & Olsen 1991,
1992).

MATERIALS AND METHODS

The overall approach of the study was to obtain
strains of the pathogen from as many sources as
possible, to inoculate them to a range of Musa
genotypes under standard conditions, and to record
the response of each host genotype to each strain of
the organism.

Sources of strains
Over 300 strains of M. fijiensis were collected,
mostly from the Pacific area (Papua New Guinea,
Cook Islands, Tonga, Western Samoa, Vanuatu).
The banana germplasm collecting expeditions in
Papua New Guinea sponsored by the International
Board of Plant Genetic Resources over the period
1988-90 were a valuable source of material. Other

strains were obtained from Costa Rica, Panama,
Honduras, Cameroon, Nigeria, and Zambia. Most
were isolated directly from infected leaf material,
others were obtained as pure cultures. The strains
are maintained as freeze-dried cultures at the
Horticulture and Food Research Institute of New
Zealand.

Isolation of the organism
Two methods of isolation were used.

(!) Ascospores
The method used was that of Du Pont Agrichemicals
(Anon. 1980). Dry leaf specimens were incubated
in plastic bags with moist paper towels for 48 h.
Pieces (20 mm2) were cut from the leaf sample,
stapled to filter papers, and immersed in tap water
for 5 min. The filter papers were transferred to the
lids of Petri dishes and left to discharge ascospores
over 3% water agar for 10-15 min. Individual
ascospores were picked off with a fine needle and
transferred to Difco Potato Dextrose Agar (PDA).

(2) Isolation from leaf tissue
Isolations were made directly from fresh, green leaf
tissue using the method of Fullerton & Tracey
(1984). Pieces of lamina with lesions in the rusty
streak stage were swabbed with 95% ethanol. A
narrow strip of epidermis containing the streak was
excised from the adaxial leaf surface and placed on
PDA containing 5 |J.g/ml each of penicillin and
streptomycin sulphate. The epidermal strips were
incubated under lights and either sporulating
stromata or individual conidia transferred to PDA
plates.

Preservation of cultures
All cultures were freeze-dried as soon as practicable
after isolation to avoid loss of pathogenicity from
extended periods in culture. Ten-15 discs were cut
from a culture using a 3 mm cork borer and placed
in sterile freeze-drier ampoules. The ampoules were
incubated for 24 h, constricted, placed on the freeze-
drier overnight (-60°C, <0.01 mBar Pirani gauge),
and sealed by flaming-off under vacuum.

Preparation of inoculum
Isolates were incubated on PDA at 25°C under 12 h
alternating light (2x white fluorescent, 1 x UV Philips
TLD36W/80) and dark for 14-21 days. These
conditions usually induced profuse sporulation.
Spore suspensions were prepared by adding c. 1 ml


