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Differential sensitivity of citrus green mould isolates
(Penicillium digitatum Sacc.) to the fungicide imazalil
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Abstract Penicillium digitatum Sacc. isolates,
obtained from Australian citrus fruit and from
oranges and lemons imported from the United States
were compared for their sensitivity to the fungicide
imazalil. In vitro data showed the four strains from
the United States were up to 13 times less sensitive
than the four strains from Australia. A similar
response was found in in vivo experiments with
resistant strains more difficult to control than
sensitive ones. The standard application of imazalil
in water, as practised in Australia however still
provided reasonable decay protection. A growth
media concentration of 0.1 ug/ml imazalil was
established as a suitable concentration for
differentiating imazalil resistant strains. All strains
from the United States that were tested were also
resistant to the benzimidazole fungicides and were
therefore classified as being double resistant to
these two different groups of compounds. Two of
the Australian strains were also resistant to the
benzimidazoles. All were controllable with the
standard application of the fungicide guazatine.
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Citrus green mould (Penicillium digitatum Sacc.) is
the primary cause of decay in citrus fruits after
harvesting and can cause extensive losses during
the marketing of citrus fruits (Eckert 1978). Prompt
application of a suitable fungicide after harvest
controls this disease (Wild & Spohr 1989). The type
of fungicide selected depends on the sensitivity of
the mould strains to the these fungicides, with
certain strains being resistant to the benzimidazoles
(Wild &Rippon 1975), and/or in particular instances
resistance to several different fungicides (Eckert &
Wild 1983). In Australia, benzimidazole-resistant
strains can be controlled by the fungicide guazatine
(Kuramoto & Yamada 1976; Tugwell 1980)
although resistance to this material has been recorded
(Wild 1983).

The fungicide imazalil is relied on heavily in
Australia for controlling many of these mould strains
(Laville et al. 1978). It is also used extensively in
California citrus packinghouses for controlling
postharvest decay, particularly to protect lemons
during storage. In this environment strains have
evolved which are resistant to imazalil (Eckert
1987) and now cause decay within the storage
environments (Dave et al. 1989).

Following reports of mould problems with the
shipments of imported oranges from California, it
was thought that the breakdown of control may
have been caused by P. digitatum strains that had
developed resistance to imazalil.

The work reported here examines the in vitro
response of different strains of P. digitatum to a
range of imazalil concentrations. The in vivo
response of these P. digitatum strains to imazalil
dips was then examined with the aim of determining
if the development of resistance caused the mould
problem in the imported Californian oranges. We
also wanted to see if these strains could be controlled
by either the rates of imazalil application now used
or the fungicide guazatine, which is currently
available in Australia.
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MATERIALS AND METHODS

Fungal isolates
Single spore isolates of P. digitatum conidia were
obtained from decayed oranges after culturing them
on Malt Extract Agar (MEA) medium. Four isolates
were obtained from a consignment of imported
Californian oranges, which would have been treated
with imazalil and four were obtained from Australian
mouldy oranges which had gone through the normal
packinghouse treatments.

In vitro studies
Petri plates containing MEA were uniformly seeded
with 0.2 ml of a suspension of P. digitatum spores
(c. 107 spores/ml) by spreading the liquid with a
sterile glass rod. The plates were set aside for 4 h to
allow absorption of water into the agar. Absorbent
cardboard discs (6-mm diam.) (Whatman Antibiotic
Assay Discs, Selby Scientific, North Ryde,
Australia) were loaded with 25 \A of a range of eight
different concentrations of imazalil solutions,
(on a log scale) between 1 and 500 ug/ml, and
placed on the surface of the agar. Plates were stored
at 5°C for 24 h to allow diffusion of the fungicide
through the agar without allowing germination of
P. digitatum spores. Plates were then incubated at
25 °C for 48 h and the zones of inhibition around
the discs measured. Three plates, each containing
three discs were used for each fungicide concen-
tration. Regression analysis was carried out to
compare log concentration of imazalil with radius
of the inhibition zones. The size of the inhibition
zone produced by the standard 250 ug/ml treatment
of imazalil (Wild 1988) (Fungaflor 75% a.i. WSP
supplied by Janssen Cilag, Sydney, Australia) was
calculated from the equation, together with
standard errors, to compare strain sensitivity to
imazalil.

MEA medium amended with imazalil to give a
range of concentrations from 0 to 0.8 ug/ml was
used to determine a concentration of imazalil which
could be used to distinguish the resistant from
sensitive strains. A needle was dipped in a suspension
of 107 conidia/ml and then streaked across each
plate. Fungal growth was recorded after 3 days at
25°C. MEA media containing benomyl at 1 ug/ml
was used to assess resistance to benzimidazoles
(Eckert & Wild 1983).

In vivo studies
'Washington' navel oranges were inoculated with
spore suspensions (107 spores/ml) of two

P. digitatum isolates from Australia and two from
the United States characterised by in vitro trial. A
nail protruding 3 mm through a cork was dipped in
the spore suspension and used to puncture the rind
around the equator of the fruit. Three replicates of
20 fruit each were used for each isolate/fungicide
combination tested. Twenty-four h after inoculation
and storage at 25 °C, each treatment unit of 20 fruit
was dipped in one of the fungicide treatments,
namely—imazalil, (over a range of different
concentrations) or the standard dip treatments of
250 ug/ml benomyl (Benlate 50% a.i., Dupont
Australia, Sydney) and 250 ug/ml guazatine
(Panoctine40% a.i., Rhone Poulenc, Sydney) (Wild
1988).

Fruit were stored at 25°C and examined 4 days
later for lesion development. The experiment was
replicated 3 times. The percentage mould
development based on the number of inoculation
points showing decay was calculated, compared
with the control and then transformed to probit
values and plotted against log concentration of
imazalil. Regression analysis was performed on the
log probit transformed data (Finney 195 2) and ED50

values calculated.

RESULTS

In vitro responses to imazalil
Zones of inhibition were produced around all the
concentrations of imazalil tested (Fig. 1). Regression
analysis of the data showed that the responses of the
two groups of strains were different, with the strains
from the United States producing markedly smaller
inhibition zones for the standard 250 ug/ml imazalil
treatment than the Australian ones (Table 1). The
average inhibition zone for the Australian strains at
250 ug/ml imazalil was 22.2 mm. The concentration
required to produce the same sized zone for the
strains from the United States shown in Table 1, was
977, 3235, 1655, and 3235 ug/ml imazalil
respectively. This is up to 13-fold increase of that
for the Australian strains. On MEA with imazalil
concentrations above 0.05 ug/ml, the sensitive
strains would not germinate, whereas there was
virtually no effect on growth of resistant strains
(Fig. 2).

Mould growth occurred with these four strains
on the benomyl-amended media, indicating
resistance also to this fungicide. Two of the
Australian strains, namely MM1 and G4, also
showed resistance to benomyl.


