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Evaluation of Allium germplasm for susceptibility
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Abstract Eighty-five accessions of 33 species of
Allium were screened for susceptibility to foliar
bacterial soft rot caused by Pseudomonas
marginalis (Brown 1918) Stevens 1925 and P.
viridiflava (Burkholder 1930) Dowson 1939. Plants
grown in a greenhouse were wounded then co-
inoculated with cell suspensions of P. marginalis
and P. viridiflava. A. cepa 'Pukekohe Longkeeper'
was highly susceptible to foliage soft rot. Mean
disease scores (0 = no disease; 5 = severe soft rot)
of the other Allium accessions ranged from 0 (an
accession of A. sativum) to 4.9 (A.fistulosum 'White
Lisbon'). Statistically significant differences in
mean disease scores were detected between
accessions of individual Allium spp. and between
different Allium spp.
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INTRODUCTION

Onion (Allium cepa L.) is a vegetable crop of
considerable economic importance in New Zealand
and throughout the world. In 1995 more than
154 600 t of onions, worth over NZ$65 million,
were exported (Anon. 1996). Other Allium species
grown commercially in New Zealand include A.
porrum L. (leek), A. schoenoprasum L. (chive), A.
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fistulosum L. (bunching onion), A. sativum L.
(garlic), A. tuberosum L. (Chinese chive), and A.
cepa var. ascalonicum L. (shallot).

Bacterial soft rot is an occasional devastating
disease that occurs throughout the world wherever
onions are grown. All parts of onion plants can be
affected by the disease which can occur at any stage
in the life of the plant. Several species of bacteria
are capable of causing soft rot of onion (Lund 1983).
These bacteria survive as saprophytes or on plant
debris and are normally regarded as opportunistic
pathogens that infect onions though wounds or
senescent tissue when conditions that favour
infection occur (Walker 1952).

The incidence and severity of rotting of the
foliage of onion plants during growing seasons
varies from year to year at Pukekohe, the major
onion-growing area of New Zealand. The main
factors that influence the amount of disease are
damage to leaf tissue and the prevailing weather
conditions. The most severe outbreaks of foliar soft
rot of onions at Pukekohe have generally followed
hail damage to crops and extended periods of wet
weather. The bacteria most commonly isolated from
soft rot lesions on onion leaves from Pukekohe
between 1986 and 1996 were/! marginalis (Brown
1918) Stevens 1925 and P. viridiflava (Burkholder,
1930) Dowson 1939 (P. Wright unpubl. data).

Bacterial pathogens of other Allium species are
not as well documented as for onion. In New
Zealand, Erwinia carotovora subsp. carotovora
(Jones 1901) Bergey et al. 1923, P. marginalis, and
P. syringae van Hall 1902 have been isolated from
leek (Pennycook 1989). In Australia, E. carotovora
subsp. carotovora is recorded as a pathogen of
multiplier onion (A. cepa var. aggregatum G. Don)
(Moffett 1983). Togashi (1986) reported that E.
carotovora subsp. carotovora caused soft rot of
bulbs and foliage of scallion (A. chinense G. Don)
in Japan. Pseudomonas marginalis and E.
carotovora subsp. carotovora were reported as
pathogens on leek in Italy by Garibaldi & Tamietti
(1977).
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Although several workers have screened onion
breeding lines for resistance to fungal pathogens,
including Botrytis allii Munn (van der Meer et al.
1970), B. squamosa Walker (Currah & Maude
1984), Pyrenochaeta terrestris (Hansen) Gorenz et
al. 1948 (Netzer et al. 1985), and Sclerotium
cepivorum Berkeley (1841) (Bansal & Broadhurst
1992), there is little published work on systematic
screening of resistance of onions (or any other
Allium species) to bacterial soft rots. The majority
of published work on screening plants for resistance
to bacterial pathogens pertains to bacterial soft rot
of potatoes caused by E. carotovora and E.
chrysanthemi (Lozano et al. 1990).

Allium cepa has been crossed with other Allium
species with the aim of producing onions that are
resistant to fungal pathogens including
Pyrenochaeta terrestris, Botrytis spp., Peronospora
destructor (Berkeley) Fries (1849), and S.
cepivorum, although no bulb onion cultivars
containing genetic material from other Allium spp.
is currently available to commercial growers. Allium
roylei Stearn was crossed with A cepa in an attempt
to increase resistance of onions to downy mildew
caused by P. destructor (Kik et al. 1994). A.
fistulosum was crossed with A. cepa with the aim
of improving tolerance of onion to cold and
resistance to pink root (Currah et al. 1984).

A key aim of the Crop & Food Research onion
breeding programme is to breed brown-skinned
globe-shaped onions which have improved yield,
consumer appeal, longer storage life, and resistance
to diseases including bacterial soft rot (Grant &
Carter 1986). The identification of genetic
resistance in onions and other Allium species to
bacterial soft rot is necessary in the development
of future onion varieties with improved
performance characteristics.

This paper reports assessment of the
susceptibility of 33 Allium species (made up of 84
accessions) to bacterial soft rot caused by P.
marginalis and P. viridiflava, by pathogenicity tests
on seedlings.

MATERIALS AND METHODS

Seed of the Allium accessions, with exception of
those from New Zealand and Australia, were
obtained from USDA, Agriculture Research
Service, Beltsville, Maryland, United States (Table
1). Seed of the main commercial cultivar of onion
grown in New Zealand, A. cepa 'Pukekohe
Longkeeper' (PLK) was included for comparisons.

Plants were grown in 100-mm clay pots
containing sterile potting soil (1 part loam : 1 part
peat : 1 part pumice sand : 1 part compost), were
held on benches in a greenhouse (20-27°C) and
thinned to four per pot when they were c. 50 mm
high. Pots were transferred to a cooler glasshouse
(18-20°C) where they remained until inoculation
tests.

Strains of bacteria used were isolated from soft
rot lesions from infected leaves of onions grown at
Pukekohe. These strains are held in the International
Collection of Micro-organisms from Plants (ICMP),
Landcare Research, Auckland, New Zealand. For
inoculation of plants of Allium spp., a suspension
of P. marginalis (ICMP 8127) and P. viridiflava
(ICMP 8132) in sterile water adjusted to a
concentration of c. 108 colony forming units per
ml (cfu/ml) for each bacterium, prepared from 48-
h-old bacterial cultures grown on nutrient agar.

Two months after planting, pathogenicity tests
were carried out on the leaves of 20 seedlings (five
pots) of each Allium accession. Plants were cut back
to 70 mm height with sterile scissors and placed in
misting chambers which provided diffuse light,
temperatures between 18 and 20°C, and free water
on plant foliage. After 24 h, seedlings were
inoculated using a de Vilbiss atomiser, connected
to compressed air, to spray bacterial suspension on
to the plant foliage (to the point of runoff). Cut, but
not inoculated plants of each accession served as
controls. After 3 days at c. 20°C and c. 85-95 %RH,
the plants were visually assessed for disease severity
using a scale of 0-5 where 0 = no disease, 1 = 1-
25% leaves collapsed, 2 = 26—50% leaves collapsed,
3 = 51-75% leaves collapsed, 4 = 76-99% leaves
collapsed, and 5 = complete collapse of leaves.
Because of the large number of pots, and the limited
space in the misting chambers, it was necessary to
screen plants in five batches. Each batch consisted
of one pot (four plants) of each Allium spp.
accession. The results were analysed using Genstat
statistical package. An analysis of covariance was
carried out with the covariate of A. cepa 'Pukekohe
Longkeeper' (PLK) score used to adjust for any
batch effects. Means for each accession were
adjusted for the PLK covariate.

RESULTS

Mean disease scores of the Allium accessions ranged
from 0 (resistant) to 4.91 (very susceptible) (Table
1). There were no significant differences between
the four batches of inoculations. There were highly


