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Abstract: Isolates of the fungusTyphula phacorrhizaFries (TP) were evaluated in field tests over a 3-year period for
suppression of grey snow mould caused byTyphula ishikariensisImai (Tish) andTyphula incarnataLasch ex Fr.
(Tinc). Isolates of TP were collected across southern Ontario in the spring of 1994. In December 1994, 46 of these
isolates, which had been cultured on mixed grains, were applied to creeping bent grass (Agrostis stoloniferaL.) at a
rate of 200 g/m2 (4 × 105 colony forming units (cfu)/m2) with inoculum of Tish or Tinc at 10 g/m2 (2 × 104 cfu/m2).
In December 1995, 30 selected TP isolates were inoculated onto a new set of plots along with grey snow mould fungi.
In November 1996, 22 of these isolates were re-inoculated onto the 1995 plots. All plots were rated for injury after
snowmelt, 1995–1997. Isolates of TP varied significantly in their ability to suppress disease. No strong correlations
were found between in vitro growth characteristics and field performance; however, significant positive correlations
were found between the disease suppression trials for the 3 years, with several isolates showing statistically significant
control of grey snow mould equal to a fungicide treatment.
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Résumé: Au cours d’expériences conduites aux champs et étalées sur 3 années, les auteurs ont évalué la capacité
d’isolats du champignonTyphula phacorrhizaFries (TP) à supprimer les champignons causant la moisissure nivéale
grise Typhula ishikariensisImai (Tish) etTyphula incarnataLasch ex Fr. (Tinc). Les isolats du TP ont été cueillis dans
le sud de l’Ontario au printemps 1994. En décembre 1994, 46 de ces isolats, préalablement cultivés sur mélange de
grains, ont été appliqués sur l’agrostide courbé (Agrostis stoloniferaL.) à un taux de 200 g/m2 (4 × 105 cfu/m2), avec
des inoculums de Tish ou Tinc à 10 g/m2 (2 × 104 cfu/m2). En décembre 1995, les auteurs ont inoculé 30 isolats du
TP sur un nouvel ensemble de parcelles, en même temps que les champignons de la moisissure nivéale grise. En
novembre 1996, ils ont ré-inoculé 22 de ces isolats sur les parcelles traitées en 1995. En 1995–1997, ils ont évalué les
dommages après la fonte des neiges. Les isolats du TP varient significativement dans leur capacité à supprimer la
maladie. Il n’y a pas de forte corrélation entre les caractéristiques de croissance in vitro et le comportement aux
champs; cependant, on observe des corrélations positives significatives entre les essais de suppression de la maladie
des 3 années, plusieurs isolats montrant une suppression statistiquement significative de la moisissure nivéale grise,
égale à celle obtenue avec traitement fongicide.

Mots clés: lutte biologique, maladie de la tourbe, champignons.

[Traduit par la Rédaction] Hsiang et al. 1281

Grey snow mould, also known as Typhula blight, is a
common disease of turfgrasses in areas where there are over
90 days of continuous snow cover during the winter (Smiley
et al. 1992). This disease is caused byTyphula incarnata
Lasch ex Fr. orTyphula ishikariensisImai (Fushtey 1980)
and has been commonly controlled in Canada with fungi-
cides containing mercury or quintozene (Smith 1987). Al-
though control of this disease can be achieved with such
chemicals, the cost of applying fungicides coupled with

health and environmental concerns requires investigation of
alternative management approaches (Burpee et al. 1987).

Many attempts have been made to examine biological
control of snow mould diseases as an alternative to fungi-
cides (Huber and McKay 1968; Harder and Troll 1973;
Kaye 1985; Smith and Davison 1979; Smith 1981). Al-
though laboratory studies on biological control of grey snow
mould have been encouraging, field tests are limited (Burpee
1994). Burpee et al. (1987) were the first to examine biolog-
ical control of grey snow mould withTyphula phacorrhiza
Fries. Initially, they assumedT. phacorrhizato be an unre-
ported pathogen of turfgrass but later discovered that this
Typhula species was not pathogenic to creeping bent grass
(Agrostis stoloniferaL.) in field tests with artificial inocula-
tion. They also found that it had the ability to grow under
snow and suppress the development of grey snow mould
(Lawton et al. 1986; Burpee et al. 1987; Lawton and Burpee
1990). Their research has been frequently cited as an exam-
ple of biological control on turfgrass (Nelson 1992; Burpee
1994), but there were limitations in the number of isolates or
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the number of field seasons of testing. More recently, iso-
lates of a fungus likeT. phacorrhizawas found to suppress
snow mould of non-turf-type perennial ryegrass (Lolium
perenneL.) in Japan (Matsumoto and Tajimi 1992).

Typhula phacorrhizais a clavulate basidiomycete reported
from northern temperate zones. It is considered to be a
psychrophilic saprotroph (Remsberg 1940; Bruehl and
Cunfer 1975; Berthier 1976; Burpee et al. 1987) and can be
observed frequently on corn (Zea maysL.) residues and
other organic debris after at least 80 days of snow cover
(Burpee et al. 1987). Schneider and Seaman (1986, 1988) re-
ported that someT. phacorrhizaisolates were pathogenic on
wheat (Triticum aestivumL.) based on controlled environ-
ment studies and a field study with a singleT. phacorrhiza
isolate.

Since isolates ofT. phacorrhizahave been found to ex-
hibit potential as biocontrol agents (Burpee et al. 1987;
Matsumoto and Tajimi 1992), further studies are desirable to
achieve the goal of a commercially viable grey snow mould
control product. Several areas were identified by Burpee
(1994) or Matsumoto and Tajimi (1992) as requiring further
research: (i) screening of new isolates ofT. phacorrhizathat
can exhibit greater potential for disease suppression; (ii ) de-
termining pathogenicity ofT. phacorrhiza toward various
amenity turfgrasses and wheat; (iii ) evaluating long-term
persistence ofT. phacorrhizain turfgrass; and (iv) testing
formulations ofT. phacorrhizafor application to turfgrass.
The objective of this research was to collect and screen nu-
merous isolates ofT. phacorrhizafor grey snow mould sup-
pression. Questions addressed in this study included the
following: (i) Is there variation in field suppressiveness of
T. phacorrhizatoward grey snow mould? (ii ) Can in vitro
growth or sclerotial production predict field efficacy?
Preliminary reports have been presented elsewhere (Hsiang
et al. 1995; Wu et al. 1996).

Collection of Typhula phacorrhizaisolates
Corn fields in south-central Ontario were examined for the pres-

ence of sclerotia ofT. phacorrhizasoon after snowmelt in April
and May of 1994 and 1995. Samples of corn debris harbouring
sclerotia of T. phacorrhizawere randomly collected and placed
into plastic bags. In most cases, up to 10 samples were collected
from each field, with the distance between any two samples greater
than 100 m. Four sclerotia from each sample were surface steril-
ized for 30 s in 1% sodium hypochlorite followed by three 1-min
rinses in sterile distilled water. Each sclerotium was then bisected
and plated onto potato dextrose agar (PDA) amended with 0.1%
yeast extract (PYDA). The plates were incubated in the dark at
10°C for 2 weeks. An agar plug (5 mm diam) from the edge of a
colony was transferred to a fresh PYDA plate, and incubated in the
dark at 10°C. Sclerotia began forming within 30 days after transfer.
Isolates ofT. phacorrhizawere identified by colony morphology
and the presence of clamp connections, and confirmed as
T. phacorrhizaby the rind patterns of mature sclerotia as described
by Schneider and Seaman (1986). Confirmed isolates were
subcultured once again to ensure purity, and stored on PDA slants
at 10°C.

Initial screening of Typhula phacorrhizaisolates
Isolates ofT. phacorrhizawere evaluated for growth and sclero-

tial production on both BASM (1% malt in potato agar; Smith
1981) and mixed grains (equal weights of wheat, oat (Avena sativa
L.), barley (Hordeum vulgareL.), and corn; Lawton and Burpee
1990). A 5 mm diameter agar plug taken from an actively growing
colony was transferred to a 20-mL tube (1.5 cm diameter by 12 cm
length) containing either autoclaved mixed grains or 6 mL of
BASM (allowed to solidify horizontally). All tubes were incubated
in the dark at 10°C with four replications per isolate on each me-
dium. Beginning on day 6 after inoculation, hyphal growth was
measured every 3 days until day 21 and then every 6 days up to
day 57. After 10 weeks of incubation, the test tubes were assessed
for sclerotial production.

On BASM, sclerotia tended to form on the agar surface and
could be easily counted. For the mixed grain medium, sclerotia
were much more abundant and some formed within the medium.
To account for these hidden sclerotia and to reduce the labour in-
volved, we devised a rating scale for sclerotial number. We visu-
ally rated 40 tubes with a range of visible sclerotia and then
enumerated all sclerotia present in these tubes. The 0–9 rating
scale with 0 being no sclerotia and 9 being 1300 sclerotia was
transformed to sclerotial number for analysis. Because of logistical
reasons, not all isolates could be tested in the field, so a sampling
of isolates with various combinations of growth rate and sclerotial
production were selected for field tests.

Isolates of grey snow mould fungi
Five isolates each ofT. ishikariensisandT. incarnatawere used

to produce grey snow mould inoculum for the field studies de-
scribed below. These isolates originated from southern Ontario and
were obtained from stock cultures in this laboratory. They have
been used previously as inoculum in fungicide tests involving grey
snow mould (e.g., Hsiang and Cook 1995).

Preparation of inocula
Mixed grains were used to grow inoculum and serve as the car-

rier for biocontrol isolates and for grey snow mould fungi in field
tests. Briefly, 200 g mixed grains plus 300 mL distilled water in a
1-L mason jar were autoclaved twice for 20 min 24 h apart. Five to
10 disks taken from the colony margin of an isolate growing on
PDA were transferred to the jars and incubated for 7–8 weeks at
10°C. Immediately before use, the grain inoculum was air-dried for
36 h and chopped into small particles with a domestic blender.
Inoculum consisted primarily of grains with fragments of fungal
mycelium and sclerotia and was assessed to contain 2000 colony
forming units (cfu) per gram for both biocontrol and pathogenic
isolates at time of inoculation.

Winter 1994–1995 suppression trials
Tests on grey snow mould suppression by isolates of

T. phacorrhizawere conducted at the Guelph Turfgrass Institute
(GTI) in Ontario, Canada. Of 264 isolates collected in the spring of
1994, forty-six isolates ofT. phacorrhizawere selected for field
testing in late fall of 1994. Field plots were established on a creep-
ing bent grass green, which had been built in spring 1994 and was
seeded with Penncross creeping bent grass on 7 June 1994.
Turfgrass maintenance was similar to that used for golf course
putting greens in Ontario with irrigation as needed and a mowing
height of 7 mm. No previous research on snow moulds had been
conducted on these plots nor had any fungicides been applied. The
experimental design consisted of a completely randomized design
with four replications per treatment resulting in 200 plots. Each
plot measured 0.5 × 0.5 m, and the turf was carefully inoculated by
hand with 200 g/m2 inoculum of T. phacorrhiza(4 × 105 cfu/m2).
Lawton and Burpee (1990) found that at least 200 g/m2 of
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mixed-grain inocula were needed to provide suppression equal to
standard rates of the fungicide quintozene.

Each 0.5 × 0.5 m plot was split, and one half was inoculated
with T. ishikariensis, and the other, withT. incarnataat a rate of
10 g/m2 (2 × 104 cfu/m2). Three checks and a control were used as
follows: (i) fungicide (Daconil 2787, 2 g a.i./m2) plus T. incarnata
or T. ishikariensis(10 g/m2); (ii ) T. ishikariensisor T. incarnata
only (10 g/m2); (iii ) T. phacorrhiza only (isolate 23BDS;
200 g/m2); and (iv) untreated control. Plots were inoculated in
early December prior to snowfall. A snow fence was placed around
the plots, and continuous snow cover was maintained for
3.5 months during winter by piling snow from surrounding areas
onto the fenced plots.

The Horsfall–Barratt rating scale (Horsfall and Cowling 1978)
was used to estimate percent winter injury in the plots (1, 99%; 2,
95%; 3, 91%; 4, 82%; 5, 62%; 6, 38%; 7, 18%; 8, 9%; 9, 5%; 10,
1% winter injury). Although other factors, such as abiotic winter
kill and pink snow mould (caused byMicrodochium nivale(Fr.)
Samuels & Hallett), also contributed to damage on the plots, the
major component of winter injury was grey snow mould. This was
most evident when sclerotia of the pathogenicTyphula species
were visible. Ratings were taken immediately after snow melt and
were transformed into percent injury prior to statistical analysis.

Winter 1995–1996 and 1996–1997 suppression trials
Thirty of the 46 isolates used in the 1994–1995 suppression trial

were chosen for the second round of testing in winter 1995–1996.
New plots were established near the 1994–1995 suppression plots
using the same experimental design and controls as the 1994–1995
trial. The area of these new plots had not been previously used for
any research nor had any fungicides been applied previously. In
early December 1995, plots were inoculated withT. phacorrhiza
and the appropriate pathogen. Continuous snow cover on the plots
was maintained for 3.5 months by piling snow, and the plots were
evaluated for winter injury after snow melt in spring 1996 as de-
scribed above.

In early December 1996, the 1995–1996 plots were
re-inoculated with isolates ofT. phacorrhiza, as well as the appro-
priate pathogen. Twenty-two isolates of the original 46 from 1994
were cultured and applied as described above. Continuous snow
cover on the plots for 3.5 months was maintained by piling snow,

and the plots were evaluated for winter injury after snow melt in
spring 1997 as described above.

Data analysis
All ratings were converted to estimates of sclerotial number on

grains or percent winter injury, and data were subject to analysis of
variance. When treatment effects were significant in the analysis of
variance (p ≤ 0.05), means were separated by the test of least sig-
nificant difference (LSD,p = 0.05). These tests as well as correla-
tion and multiple linear regression analyses were performed using
SAS® version 6.04.

Collection and selection ofT. phacorrhiza
In 1994, we surveyed 35 corn fields throughout

south-central Ontario and collected 264 isolates of
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Fig. 1. Scatterplot of growth rate by number of sclerotia
produced on mixed grain media after 70 days at 10°C.Typhula
phacorrhizaisolates chosen for field testing are represented by
stars, and circles show the other isolates. LSD values (p = 0.05)
are presented as bars for sclerotia number near theY axis and
for growth rate near theX axis.
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Fig. 2. Mean winter injury on creeping bent grass plots
inoculated in fall of 1994–1996 withT. phacorrhizaand either
(A) T. ishikariensis(Tish) or (B) T. incarnata(Tinc), except for
control and check treatments: None, untreated control; 23BDS,
T. phacorrhizaisolate alone; Daconil, fungicide check applied at
2 g active ingredient/m2; Tish or Tinc, pathogen-inoculated plots
without biocontrol agent. Each value is the mean of four
replicate plots assessed in spring after snowmelt. Only the data
involving the 22 TP isolates common to trials over the 3 years
are presented.



T. phacorrhiza.Significant differences (p < 0.05) in linear
growth and sclerotial production on two media were found
among isolates (Fig. 1). Sclerotial number on grain was sig-
nificantly correlated with growth rate on grain (r = 0.48,p <
0.01) and sclerotial number on BASM (r = 0.626,p < 0.01).
Forty-six isolates with various combinations of growth rate
and sclerotial production (Fig. 1) were chosen for field sup-
pression trials in winter 1994–1995.

Winter 1994–1995 suppression trials
In control plots receiving no treatment, the mean winter

injury severity on 20 March 1995 was 9% (T. ishikariensis)
or 8% (T. incarnata), which were the lowest among their re-
spective treatments; however, plots inoculated with patho-
gens alone had winter injury of 84% (T. ishikariensis;
Fig. 2A) or 88% (T. incarnata; Fig. 2B).

Isolates of T. phacorrhiza varied significantly in their
ability to suppress grey snow mould (Fig. 2). For
T. phacorrhizaisolates onT. ishikariensisplots, winter in-
jury differed between the highest and lowest values by over
70% with an LSD (p = 0.05) of 22 (Fig. 2A). For
T. incarnataplots, there was a difference of over 60% with
an LSD (p = 0.05) of 23 (Fig. 2B). The biocontrol isolates
had a correlation coefficient (r) of 0.91 (p < 0.01; Table 1)
between the winter injury values of theT. ishikariensisver-
sus T. incarnata trials in 1994–1995. For five isolates of
T. phacorrhiza, the winter injury values did not differ signif-
icantly (p = 0.05) from the pathogen-inoculated checks,
whereas 27 (againstT. ishikariensis) and 29 (against
T. incarnata) isolates ofT. phacorrhizahad winter injury
values that did not differ significantly from that of the fungi-
cide treatment. Of these, seven (againstT. ishikariensis) and
four (againstT. incarnata) had mean winter-injury values
lower than the mean of the fungicide-treated plots.

Winter 1995–1996 suppression trials
On 20 March 1996, mean winter injury values of

T. phacorrhizatreatments ranged from 18% to 67% for plots
treated withT. ishikariensis(Fig. 2A) and from 18 to 72%
for plots treated withT. incarnata (Fig. 2B). Correlation

was high between the two trials (T. ishikariensis vs.
T. incarnata) with r = 0.94 (p < 0.01; Table 1). The results
of 1995–1996 were significantly correlated with those of
1994–1995 with a mean correlation coefficient of 0.53
(Table 1).

Winter 1996–1997 suppression trials
On 1 April 1997, mean winter injury values of

T. phacorrhizatreatments ranged from 18 to 67% for plots
treated withT. ishikariensis(Fig. 2A) and from 18 to 82%
for plots treated withT. incarnata (Fig. 2B). Correlations
were high between the results of the two trials
(T. ishikariensisvs. T. incarnata) with r = 0.97 (p < 0.01;
Table 1). Results of the 1996–1997 suppression trials
showed very high correlations with those of the 1995–1996
trials with an averager = 0.95. Correlations to the results of
the 1994–1995 trials were much lower (averager = 0.41),
and two of the four coefficients were not statistically signifi-
cant (Table 1).

Growth characteristics and field performance
In correlations between winter injury and in vitro growth

characteristics, the only statistically significant relationships
were found between the results of the 1994–1995 trials and
sclerotial number (Table 2). Even though they were signifi-
cant, the coefficients were moderately low ranging from
0.35 to 0.40 (Table 2).

This study confirmed the findings of Burpee et al. (1987)
and Matsumoto and Tajimi (1992) that grey snow mould
could be effectively controlled by some isolates of
T. phacorrhiza. Lawton and Burpee (1988) found differences
among 37 isolates ofT. phacorrhizafrom one season of test-
ing on plots that had not been inoculated with the pathogen.
Matsumoto and Tajimi (1992) reported that some isolates,
considered to beT. phacorrhiza, suppressed disease caused
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1994–1995 1995–1996 1996–1997

Triala Speciesb Tish Tinc Tish Tinc Tish Tinc

1994–1995 Tish 1.00 0.91 0.54 0.56 0.51 0.43
Tinc 1.00 0.53 0.48 0.38c 0.32c

1995–1996 Tish 1.00 0.94 0.93 0.90
Tinc 1.00 0.96 0.95

1996–1997 Tish 1.00 0.97
Tinc 1.00

aPlots were inoculated with biocontrol isolates (T. phacorrhiza) and
pathogens (T. ishikariensisor T. incarnata) in late fall of each year. In
early spring of each following year, plots were rated for winter injury.
Each value is a correlation between isolate means for winter injury data
based on four replicate plots.

bTish, T. iskikariensis; Tinc, T. incarnata.
cExcept for these coefficients, all others were statistically significant at

p < 0.05.

Table 1. Pearson correlation coefficients (r) of winter injury
values from suppression trials of grey snow mould byTyphula
phacorrhiza.

Growth rate (mm/day) Sclerotial no.

Triala Speciesb BASM Grains BASM Grains

1994–1995 Tish –0.21 0.24 0.38c 0.40c

Tinc –0.26 0.19 0.35c 0.40c

1995–1996 Tish –0.27 –0.04 0.02 –0.09
Tinc –0.29 –0.04 –0.01 –0.11

1996–1997 Tish 0.25 –0.25 0.04 –0.29
Tinc 0.38 –0.29 0.06 –0.23

aPlots were inoculated with biocontrol isolates (T. phacorrhiza) and
pathogens (T. ishikariensisor T. incarnata) in late fall of each year. Four
replicate plots per treatment were rated in the following spring for winter
injury. Growth rate and sclerotial number were assessed during 70 days of
incubation in the dark at 10°C with three replicates per isolate for each
medium (BASM, 1% malt potato agar; grains, mixed grain medium).
Means were used in correlation analysis.

bTish, T. ishkariensis; Tinc, T. incarnata.
cStatistically significant atp < 0.05.

Table 2. Pearson correlation coefficients (r) of winter injury
values from grey snow mould suppression trials against in vitro
growth characteristics ofTyphula phacorrhiza.



by T. ishikariensison perennial ryegrass, but suppression of
T. incarnataby T. phacorrhizawas not tested.

In our 3-year field study, isolates ofT. phacorrhizawere
found to vary significantly in their ability to suppress the de-
velopment of grey snow mould. SomeT. phacorrhizaiso-
lates did not provide suppression of grey snow mould, and
their ratings did not differ significantly from plots inoculated
with the pathogen alone. There were also some isolates that
provided an intermediate level of suppression, but even
though significantly different from the pathogen-inoculated
controls, the level of suppression was likely not aesthetically
acceptable. More than five isolates ofT. phacorrhizashowed
statistically significant disease suppression over three win-
ters, with low winter injury ratings averaging 17% for
T. ishikariensisplots and 19% forT. incarnataplots. These
isolates provided suppression to the same level as the fungi-
cide-treated controls in all suppression trials.

Because field testing ofT. phacorrhizais limited to peri-
ods with several months of snow cover, we could not screen
all the isolates in our collection. We attempted to pinpoint
some laboratory characteristics as indicators of field perfor-
mance. We hypothesized that growth rate and sclerotial pro-
duction ofT. phacorrhizawere related to ability to suppress
grey snow mould. The isolates used in the field tests were
selected to represent a range of growth rates and sclerotial
production. However, the only significant correlations were
between sclerotial number and the winter injury values of
1994–1995, although at a low level (r < 0.4). We also at-
tempted multiple linear regression of field performance with
stepwise selection of growth variables. Some statistically
significant equations were generated, but the significant
autocorrelation between the dependent variables poses prob-
lems for this type of analysis (Snedecor and Cochran 1989).
In any case, the coefficient of determination (r2) values were
all low, and variables were not consistently represented. We
conclude that these particular in vitro growth characteristics
are not good predictors of field performance.

Because of the limited opportunities to conduct field tests
throughout the year, additional research is needed to develop
an in vitro screening system or to discover attributes that
may be good predictors of field performance. Burpee et al.
(1987) reported that the mechanism by whichT. phacorrhiza
suppresses grey snow mould disease is not a direct effect
such as hyperparasitism or cellular lysis. They suggested
that nutrient competition may be the mode of action. Our
preliminary results (Wu and Hsiang 1997) support this hy-
pothesis. Elucidation of the mode of action and the substrate
or site for which these organisms compete may allow dis-
covery of attributes that are good predictors of field perfor-
mance.

The Horsfall–Barratt rating system was previously em-
ployed to estimate grey snow mould intensity by Burpee
et al. (1987). They measured disease severity in the field by
rating percentage necrotic foliage per plot after close inspec-
tion. We used the same rating system in this study to esti-
mate winter injury rather than disease severity. In some
cases, obvious signs of disease such as mycelia or sclerotia
were not present, and disease ratings could have been con-
founded by other damaging factors such as winter stress or
pink snow mould. Abiotic winter injury is commonly ob-
served locally, and according to our data, it may account for

a baseline of around 15–20% of the overall winter injury rat-
ings, since very few ratings were below 15%. Although we
did not directly test it, the data implied that the selected
T. phacorrhizaisolates also provided at least some suppres-
sion of pink snow mould. Burpee et al. (1987) have specu-
lated thatTyphulaspecies may colonize leaf blades through
natural openings or wounds, and thus,T. phacorrhizamay
inhibit other snow mould fungi that infect similarly.

In conclusion, we found that there is a wide variation in
the ability of T. phacorrhizaisolates to suppress grey snow
mould and that someT. phacorrhizaisolates can provide dis-
ease control equivalent to a standard commercial fungicide
as tested over three field seasons. Among the remaining
200+ isolates collected in 1994 and the hundreds collected
since then, there may be even better performing isolates, but
the determination would require labourious field testing or
development of predictors or in vitro assays. Other research
remains to be conducted on appropriate formulation and de-
livery systems, nontarget pathogenicity, and residual efficacy
of T. phacorrhiza.

Funding for this study was provided by the Canadian
Turfgrass Research Foundation (CTRF) and the Ontario
Ministry of Education and Training University Research
Incentive Fund (URIF).

Berthier, J. 1976. Monographie desTyphula Fr.: Pistillaria Fr. et
genres voisins. Bull. Soc. Linn. Lyon No. 45.

Bruehl, G.W., and Cunfer, B.M. 1975.Typhulaspecies pathogenic
to wheat in the Pacific Northwest. Phytopathology,65: 755–760.

Burpee, L.L. 1994. Interaction among low-temperature-tolerant
fungi: prelude to biological control. Can. J. Plant Pathol.16:
247–250.

Burpee, L.L., Kaye, L.M., Goulty, L.G., and Lawton, M.B. 1987.
Suppression of grey snow mould on creeping bentgrass by an
isolate ofTyphula phacorrhiza. Plant Dis.71: 97–100.

Fushtey, S.G. 1980. Chemical control of snow mold in bentgrass
turf in southern Ontario. Can. Plant Dis. Surv.60: 25–31

Harder, P.R., and Troll, J. 1973. Antagonism ofTrichoderma
spp. to sclerotia ofTyphula incarnata. Plant Dis. Rep.57:
924–926.

Horsfall, J.G., and Cowling, E.G. 1978. Phytopathometry: the mea-
surement of plant disease.In Plant disease, an advanced treatise.
Vol. 2. Edited by J.G. Horsfall and E.B. Cowling. Academic
Press, New York. pp. 120–136.

Hsiang, T., and Cook, S. 1995. Chemical trials for snow mould dis-
ease control in southern Ontario, 1993–1994. Fungic. Nematic.
Tests,50: 334.

Hsiang, T., Wu, C., Yang, L., and Liu, L. 1995. Biocontrol of grey
snow mould with Typhula phacorrhiza. Phytopathology,85:
1557.

Huber, D.M., and McKay, H.C. 1968. Effect of temperature, crop
and depth of burial on the survival ofTyphula idahoensis
sclerotia. Phytopathology,58: 961–962.

Kaye, L.M. 1985. Effect of microbial antagonists and ammonium
salts onTyphulaspecies pathogenic on turfgrasses. M.Sc. thesis,
Department of Environmental Biology, University of Guelph,
Guelph, Ont.

© 1998 NRC Canada

1280 Can. J. Bot. Vol. 76, 1998



© 1998 NRC Canada

Hsiang et al. 1281

Lawton, M.B. 1989. Studies on the control of snow molds on
turfgrass and winter wheat in Ontario. Ph.D. thesis, Department
of Environmental Biology, University of Guelph, Guelph, Ont.

Lawton, M.B., and Burpee, L.L. 1988. Variation in suppression of
Typhula blight (gray snow mold) of turfgrass by isolates of
Typhula phacorrhiza. Can. J. Plant Pathol.10: 368.

Lawton, M.B., and Burpee, L.L. 1990. Effect of rate and frequency
of application ofTyphula phacorrhizaon biological control of
Typhula blight of creeping bent grass. Phytopathology,80:
70–73.

Lawton, M.B., Burpee, L.L., and Goulty, L.G. 1986. Factors influ-
encing the efficacy of a biofungicide for control of grey snow
mould on turfgrass. Proc. Br. Crop Prot. Conf.1: 393–398.

Matsumoto, N., and Tajimi, A. 1992. Biological control of
T. ishikariensison perennial ryegrass. Ann. Phytopathol. Soc.
Jpn.58: 741–751.

Nelson, E.B. 1992. The biological control of turfgrass diseases.
Golf Course Manage.60(4): 78–90.

Remsberg, R.E. 1940. Studies in the genusTyphula. Mycologia,
32: 52–96.

Schneider, E.F., and Seaman, W.L. 1986.Typhula phacorrhizaon
winter wheat. Can. J. Plant Pathol.8: 269–276.

Schneider, E.F., and Seaman, W.L. 1988. Saprophytic behaviour of
threeTyphulaspecies on winter wheat substrates. Can. J. Plant
Pathol.10: 289–296.

Smiley, R.W., Dernoeden, P.H., and Clarke, B.B. 1992. Compen-
dium of turfgrass diseases. 2nd ed. American Phtyopathological
Society Press, St. Paul, Minn.

Smith, J.D. 1981. Snow molds of winter cereals: guide for diagno-
sis, culture, and pathogenicity. Can. J. Plant Pathol.3: 15–25.

Smith, J.D. 1987. Winter-hardiness and overwintering diseases of
amenity turfgrasses with special reference to the Canadian prai-
ries. Tech. Bull. No. 1987-12E. Research Branch, Agriculture
Canada, Saskatoon, Sask.

Smith, J.D., and Davidson, J.G.N. 1979.Acremonium borealen.
sp., a sclerotial, low-temperature-tolerant, snow mold antago-
nist. Can. J. Bot.57: 2122–2139.

Snedecor, G.W., and Cochran, W.G. 1989. Statistical methods. 8th
ed. Iowa State University Press, Ames, Iowa.

Wu, C., and Hsiang, T. 1997. Mechanisms involved in biological
control of grey snow mould of turfgrass withTyphula
phacorrhiza. Phytopathology,87: S104.

Wu, C., Hsiang, T., Yang, L. and Liu, L.X. 1996. Evaluation of
Typhula phacorrhizafor the biocontrol of grey snow mould in
turfgrass.In Advances in biological control of plant diseases.
Edited byW. Tang, R.J. Cook, and A. Rovira. China Agricul-
tural University Press, Beijing, China. pp. 227–233.


