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Abstract Seventy-four isolates of fungi including
Trichoderma spp. (18), Gliocladium spp. (12),
Coniothyrium minitans (39), Chaetomium globosum
(3), Chrysosporium luteum (1), and Fusarium sp. (1)
were screened for ability to parasitise sclerotia of
Sclerotinia sclerotiorum. Seventeen isolates killed
all sclerotia after 4 weeks of incubation, with a fur-
ther 15 isolates reducing sclerotial viability to less
than 20%. These 32 isolates were screened in a sec-
ond sclerotial parasitism test, where solid substrate
(1 % kibbled maize:perlite colonised with antagonist)
was incorporated into soil. Twenty-four isolates sig-
nificantly reduced sclerotial viability compared to
the untreated control, with C. minitans Conio, CH1,
T5R4 2g, A69, and T5R4 2i giving the greatest
reduction. C. minitans isolates showed considerable
variation in their ability to parasitise sclerotia with
some showing high activity but others little or no
activity. Two New Zealand isolates (A69 and T5R4
2i) and two overseas isolates (CHI and Conio) were
compared further. Increasing the length of the incu-
bation period after treatment of sclerotia with C.
minitans resulted in a decrease in the viability of
sclerotia and an increase in the infection of sclero-
tia by C. minitans. This effect was significantly
greater for isolates CHI and Conio compared with
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A69 and T5R4 2i. Incorporation of spores of the four
isolates into soil (1 x 106 spores/g soil) reduced
sclerotial viability, with all isolates of antagonists
surviving in the soil for the 2-week duration of the
experiment. Variation in the susceptibility of three
S. sclerotiorum isolates to sclerotial parasitism by C.
minitans CHI and A69 was observed, with S.
sclerotiorum isolate S9W1 the most susceptible and
isolate S35 the least.

Keywords Sclerotinia sclerotiorum; sclerotia; bio-
logical control; Coniothyrium minitans; Trichode-
rma viride; Trichoderma harzianum; isolation;
parasitism

INTRODUCTION

Sclerotinia sclerotiorum (Lib.) de Bary is a soil-
borne plant pathogen affecting a wide range of
economically important crops both in New Zealand
and worldwide. The pathogen survives between
crops as sclerotia, with these germinating either
myceliogenically to infect the plant directly or
carpogenically to produce apothecia which release
ascospores that subsequently infect the host. To date,
control has largely been achieved using chemicals
such as the dicarboximide (procymidone) and
benzimidazole (benomyl, carbendazim) groups of
fungicides, or by soil sterilisation. However, in
Europe there have been reports on the failure of the
dicarboximide fungicides to control disease because
of enhanced degradation of the chemicals in soil
(Martin et al. 1990). Similarly, in New Zealand,
enhanced degradation of dicarboximides has been
observed in onion paddocks (Slade et al. 1992), and
is liable to develop in other sites where these
chemicals are used to control Sclerotinia diseases.
The soil fumigant methyl bromide will be withdrawn
from use because of concerns over environmental
damage and the cost of soil sterilisation by steam is
prohibitively high, consequently, a search for
alternative control methods such as biological
control has merit.
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Since sclerotia serve as important survival struc-
tures of this fungus, selection of sclerotial
mycoparasites for control has received considerable
attention. A number of fungi have been reported to
act as sclerotial mycoparasites of S. sclerotiorum
including Coniothyrium minitans Campbell (Turner
& Tribe 1976; McCredie & Sivasithamparam 1985;
Whipps & Budge 1990), Fusarium spp. (Zazzerini
& Tosi 1985), Gliocladium virens Miller, Giddens
and Foster (McCredie & Sivasithamparam 1985;
Phillips 1986; Whipps & Budge 1990),
Sporidesmium sclerotivorum Uecker, Ayers and
Adams (Ayers & Adams 1979), Teratosperma
oligocladium Uecker, Ayers and Adams (Ayers &
Adams 1981), and several Trichoderma species such
as Trichoderma virideTers. (Zazzerini & Tosi 1985),
T. harzianum Rifai (Zazzerini & Tosi 1985; Knudsen
et al. 1991), and T. koningii Rifai (Trutmann &
Keane 1990). This prompted a study to identify
potential sclerotial mycoparasites for use as
biocontrol agents of S. sclerotiorum in horticultural
soils in New Zealand.

A range of New Zealand fungal isolates were
screened in the laboratory for their effect on
sclerotial viability. Three isolates of C. minitans
from the United Kingdom, previously reported as
sclerotial parasites, were included in the screens for
comparison.

METHODS

Fungal cultures
Sclerotinia sclerotiorum isolates G18 (isolated from
diseased carrot, Christchurch, New Zealand), S9W1
(isolated from californian thistle, North Canterbury,
New Zealand), and S3 5 (isolated from diseased nod-
ding thistle, Lincoln, New Zealand) were obtained
from Dr I. Harvey (AgResearch, New Zealand).

Test fungi were isolated from a range of vegetable
cropping sites in New Zealand, either from
pathogen-infested soil or directly from sclerotia.
These included: C. minitans T5R4 2b, T5R2 la,
T5R1 3a, T5R1 lb, T5R4 2g, T5R4 2i, T5R4 2e,
T5R4 2d, T5R4 2c, 4/5/13-c, 4/5/8-h, 4/5/8-b, 4/2/
2-c, 4/2/2-b, 4/2/2-a, Cm3, Cm4, Cm5, Cm6, Cm7,
Cm8, Cm9, CmlO, Cml2, Cml3, Cml6, Cml7,
Cml9, Cm23, Cm26, Cm27, A69, A70, L1D4,
L1E3, Le2A4, and IH1; T. harzianum C51, C52,
C53, F18, F19, F20, and F21; T. koningii C60; T.
atroviride D72 and D79; T. viride D77 and D78;
Trichoderma spp. E2/5/1, E2/3/1, 11/16/1, 4/54/1,
4/5/1, and S30; Chaetomium globosum A52, A54,

and A55; Chrysosporium luteum IH2; Gliocladium
roseum B13, B14, B15, and B17; Gliocladium virens
B19, B20, and GV4; Gliocladium spp. S19, SI 1,
S10, and S8; and Fusarium sp. S21. C. minitans
isolates Conio, CHI, and G4 were kindly supplied
by Dr John Whipps (Horticulture Research
International, Wellesbourne, United Kingdom).

Fungal isolates were grown at 20°C on potato
dextrose agar (PDA). All isolates were stored on
PDA slopes at 5°C for 6 months, with stocks re-
cultured every 6 months. Isolates showing potential
for use as biological control agents of S. sclerotiorum
were freeze dried for long-term storage.

Production of sclerotia
The method of Mylchreest & Wheeler (1987) was
used to produce sclerotia of S. sclerotiorum isolates
G18, S9W1, and S35 for use in the assays. Wheat
seeds (25 g; Australian Standard White, Champion
Flourmills, Christchurch, New Zealand) were placed
in 250 ml flasks containing 60 ml water and
autoclaved. After cooling, each flask was inoculated
with three mycelial discs (10 mm diameter) taken
from the colony margin of 2-3-day-old PDA cultures
of one of the S. sclerotiorum isolates. Flasks were
incubated at 20°C for 3 weeks in darkness, with each
flask being shaken after 1 week to facilitate mixing
of the inoculum. After 3 weeks, the contents of each
flask were washed with sterile distilled water (SDW)
in a sieve (1 mm diameter pore size) and aseptically
air-dried overnight in a laminar flow hood. Sclerotia
were separated from the wheat grains, stored at room
temperature in the dark and used within 4 weeks.

Screen 1

Using a modification of the method of Whipps &
Budge (1990), spore suspensions of each fungal
isolate were prepared by adding 10 ml of 0.01%
Tween 80 in SDW to 10-14-day-old sporulating
cultures grown on PDA, and rubbing the surface with
a sterile glass spreader. The resulting spore
suspensions were counted using a haemocytometer
and adjusted to give c. 1 x 106 spores/ml.

For each isolate tested, 60 sclerotia of S.
sclerotiorum isolate S9W1 (2-4 mm size) were placed
in 10 ml of spore suspension in a Universal bottle and
shaken gently using a wrist action shaker for 10 min.
After leaving to stand for a further 10 min, the sclerotia
were removed and placed in 9 cm plastic petri dishes
containing 50 g sterile acid washed silver sand,
moistened to 50% saturation with sterile distilled
water. Twelve sclerotia were pressed lightly onto the
surface of the sand in each of five dishes. The petri


