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Fungicide resistance in populations of cucurbit powdery mildew
(Sphaerotheca fuliginea)
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Abstract Cucurbit powdery mildew samples from
Australian cucurbit production areas were assessed
for their sensitivity to fungicides. Resistance to
benzimidazoles was highest (44%) followed by
resistance to demethylation inhibitors (39%),
organophosphates (21%), and hydroxypyrimidines
(13%). Many collections were resistant to more
than one fungicide group. Populations from
rockmelon crops were more often resistant than
those from less intensively managed pumpkin crops.
There were also differences in the spectra of
resistance between regions, in particular, a lower
frequency of resistance to demethylation inhibiting
fungicides in New South Wales (18%) than
elsewhere (47%) and a high incidence of resistance
to hydroxypyrimidines only in the Riverland-Swan
Hill region (40%). Such differences may be caused
by variations in patterns of fungicide use. The high
frequency of fungicide resistance found in this
survey illustrates the need for disease control
programs to be implemented which are less reliant
on the systemic fungicides.
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INTRODUCTION

Australian cucurbit crops are protected from
powdery mildew (Sphaerotheca fuliginea
(Schlecht: Fr.) Poll.) by a range of protectant and
systemic fungicides. To limit the problem of
fungicide resistance which occurs with the systemics,
a general strategy of using protectant fungicides
until fruit set and then alternating or combining
these with systemic fungicides has been
recommended (Perkins & O' Brien 1989). In practice,
there is a great deal of variation in fungicidal control
procedures. Some of this may be the result of
differences in cultural techniques adopted for
different crop species, or to different district practices.
Although all cucurbit crop species are susceptible
to powdery mildew, there are differences in disease
management between those which are grown
intensively as row crops (e.g., rockmelon (Cucumis
melo L.), cucumber (Cucumis sativus L.), squash
(Cucurbitapepo L.) and those grown as broad acre
crops (e.g., pumpkin (Cucurbita maxima Duchesne)
and watermelon (Citrullus lanatus (Thuwb.)
Matsum. & Nakai). Fungicides are generally applied
more frequently to the intensively grown crops
which could lead to greater selection for fungicide
resistant strains of the pathogen. The popularity of
individual fungicides varies between different
horticultural districts which may also influence the
fungicidal resistance spectrum of S. fuliginea.

The survey described below was conducted to
gather information on the fungicide resistance status
of S. fuliginea populations in different cucurbit crop
species and in different regions. It was intended this
information could be used to guide the development
of future control strategies.
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MATERIALS AND METHODS

Samples
Leaves (5-10) with young sporulating colonies
of S. fuliginea were collected from cucurbit crops
in major production zones of Australia during



146 New Zealand Journal of Crop and Horticultural Science, 1994, Vol. 22

1992-93. The sample in each crop was taken from
plants within an area of c. 20 m x 20 m sited at least
50 m from the edge of the field. For transport, leaves
were placed between sheets of paper inside a plastic
bag and were usually received within 2 days of
despatch. Tests were conducted with conidia from
field samples or if this was not possible conidia
were transferred to detached cucumber cotyledons
on water agar in Petri dishes and isolates maintained
in this way until required.

The zones sampled were: Queensland-north
(Bundaberg, Bowen and Atherton Tableland
districts), Queensland-south (Lockyer Valley,
Toowoomba, Brisbane), New South Wales (mainly
the Murrumbidgee Irrigation Area), Riverland-
Swan Hill (Loxton and Waikerie districts of South
Australia-Swan Hill district of Victoria). The
numbers of samples taken within each zone are
shown in Table 1.

Fungicide sensitivity
Cucumber plants of the cultivar 'Crystal Salad'
were grown in UC mix, one per 15-cm diameter pot
in a glasshouse. Fungicide sprays were applied at
weekly intervals to give full coverage of all leaf
surfaces without run-off to the root zone. Sprays
were freshly prepared before each application from
standard commercial formulations to give: 10 and
30 ug/ml a.i. pyrazophos (Afugan, 29.5% EC); 10
and 50 ug/ml a.i. triadimefon (Bayleton, 12.5%
EC); 10 and 50 ug/ml a.i. benomyl (Benlate, 50%
WP); 10 and 50 ug/ml a.i. bupirimate (Nimrod,
25% EC); and water control.

Leaves selected for the fungicide sensitivity
assay were the youngest fully expanded leaf on each
plant. Such leaves had received two sprays and
were harvested 24 h after the second application.
Leaf discs (12 mm diam.) were cut with a cork borer
and placed dorsal side up on water agar in Petri
dishes. Up to six discs, all from the same fungicide

treatment were arranged around the perimeter of
each dish and inoculated by transfer of conidia with
a dry artists' brush. There were three replicates
from each site. Plates were incubated in diffuse
light at 22-24°C for 7-10 days when leaf discs were
examined and rated for sporulation intensity. A four
point rating scale was used where: 0=no sporulation;
1 = sporulation sparse (<10 conidial chains); 2 =
sporulation moderate but less than control treatment;
and 3 = sporulation intensity high (= water control).

Previous work (O'Brien et al. 1988) showed the
growth and sporulation of sensitive isolates was
prevented or inhibited by fungicide concentrations
of 10 ug/ml. In the assay, sporulation (mean rating
> 1) on leaf discs treated with the higher rate of each
fungicide was used as the criterion to identify
fungicide resistance. The results obtained with discs
treated at the lower rates of fungicide, were used to
compare and confirm results at the higher
discriminating concentration.

RESULTS

Of the 77 populations of S. fuliginea included in
these tests, 28 were sensitive and three were resistant
to all four fungicide groups. Benzimidazole
resistance occurred most frequently (34 isolates)
followed by resistance to the demethylation inhibitor
(DMI) fungicide group (30), organophosphates (16),
and hydroxypyrimidines (10). Several isolates were
resistant to more than one fungicide group.

Crop species
Populations of S. fuliginea in rockmelon crops
showed high frequencies of resistance to all groups
of fungicides (Fig. 1) and only 22% of samples were
sensitive. In pumpkins, almost 50% of populations
were sensitive although benzimidazole and DMI
resistance was still high (34 and 25%). Populations

Table 1 Origin of Sphaerotheca fuliginea populations from four cucurbit
growing zones of Australia.

Rockmelon Pumpkin
Other

cucurbitsa Total

1. Queensland-north
2. Queensland-south
3. New South Wales
4. Riverland-Swan Hill

6
1

10
6

12
10
7
3

Total 23 32

7
5
2

22

26
18
22
11
77

aThese samples came from squash (12), cucumber (6), and watermelon (4).


