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Snow molds are the most economically impor-
tant winter diseases of turfgrass in the northern 
and alpine regions of the United States and Canada 
(2,3,4). In winter, turfgrass becomes weak as car-
bohydrate reserves are depleted. The psychrophilic 
(that is, thriving in the cold) pathogens take advan-
tage of the weakened turf plants at low tempera-
tures, usually under persistent snow cover. Snow 
mold damage appears as sunken spots after snow 
melt in the spring. Infected leaves are collapsed and 
often covered with fungal mycelia. In severe cases, 
the disease spots coalesce into a patch up to several 
feet in diameter. The diseases signifi cantly com-
promise turf quality and delay rapid turf recovery 
when the temperature rises. Damaged turf is also 
vulnerable to encroachment by weeds, including 
annual bluegrass. 

Even with a proper fertility program and sound 
cultural programs in place to promote winter har-
diness of the turf, superintendents still need fungi-
cides to control snow molds on greens, tees and, in 
many cases, fairways. 

Various fungicides or, often, tank-mixtures of 
fungicides, are commonly applied preventively 
before the onset of snow cover (3,7) to control snow 
molds. For example, a high-budget golf course in 
northern Minnesota may spend more than $20,000 
on fungicides to protect the turf from snow molds 
during the harsh winter. However, many fungicides 
labeled for snow mold control often yield incon-
sistent control at different locations or in different 
years. Recent fi eld studies conducted in our lab have 
revealed signifi cant discrepancies in effi cacy among 
fungicides labeled for snow mold control.

What are we fi ghting?
A major diffi culty in managing snow molds 

originates from the complex nature of the causal 
agents of snow molds. Snow molds are caused by 
several fungi that are taxonomically very different 
from each other. The three most common snow 
mold species in the United States include speck-
led snow mold caused by Typhula ishikariensis Imai, 
gray snow mold caused by T. incarnata Lasch ex. 
Fr. and pink snow mold caused by Microdochium 
nivale Samuels & Hallett. There are also three 
varieties of T. ishikariensis: T. ishikariensis var. 
ishikariensis; T. ishikariensis var. canadensis, and 
T. ishikariensis var. idahoensis (7). A winter wheat 
pathogen (5), T. phacorrhiza Fries, can be another 
potentially pathogenic fungus on turfgrass. There-
fore, snow mold symptoms may indicate combina-
tions of two different genera, four different species 
and three different varieties of fungi. 

Key diagnostic characteristics
Learning what kind or kinds of snow mold 

fungi are at your golf course is the fi rst step in 
designing an effective fungicide program. With 
knowledge of key morphological characteris-
tics and symptoms of snow mold fungi, careful 
scrutiny with a simple magnifying glass will help 
you to identify the fungus. Asking for assistance 
or sending samples to obtain a precise diagnosis 
from turfgrass pathologists in the regional diag-
nostic lab is always a smart idea.

Typhula species
Taxonomically, Typhula and Microdochium are 
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gous to mushrooms and contain sexual spores. 
Sporocarps of T. incarnata are pinker and larger 
(0.5 inch [12.7 millimeters] in height), whereas 
those of T. ishikariensis are whitish and smaller. 

Typhula ishikariensis is further separated into 
three varieties by minute morphological variations 
in sclerotia, but trained eyes are required to dis-
cern the differences. Detection of sclerotia speck-
led on mycelial mats, embedded within collapsed 
plant tissues or under thatch is defi nitive evidence 
of the presence of Typhula species.

Thanks to the recent development of accurate 
and rapid DNA diagnostic tools for each of the 
Typhula species and for the varieties of T. ishi-
kariensis, we can identify a species within hours 
from a single tiny sclerotium.

Microdochium nivale
Depending on environmental conditions, pink 

snow mold caused by Microdochium nivale appears 
in a range of colors from light gray to orange-brown. 
The fungus is active under prolonged periods of cold 
and wet weather and may not require a long period 
of snow cover. Unlike Typhula species, M. nivale does 
not produce sporocarps or sclerotia, but rather pro-
duces septate, boat-shaped asexual spores that can be 
observed under a compound microscope. 

Field evaluation of fungicides 
To evaluate the effi cacy of fungicides for snow 

molds, we established fi eld plots at two golf courses 
in Wisconsin: Sentryworld Golf Course in Stevens 
Point and Gateway Golf Course in Land O’ Lakes. 
Stevens Point, located in central Wisconsin, has an 
average 80-day snow cover of 5 inches (12.7 centi-
meters) or more in winter, and Land O’ Lakes in 
northern Wisconsin has an average 110-day snow 
cover of 5 inches (12.7 centimeters) or more. 

as far apart as birds and butterfl ies. Typhula species 
belong to the basidiomycetes, which include most 
mushroom-forming fungi. A typical sign of Typh-
ula species is a gray-to-white mycelial mat on the 
disease patch. The sclerotia (compact masses of 
hyphae, the threadlike parts of the mycelium) can 
also be used to identify species. Typhula ishikarien-
sis produces very small (<0.063 inch [1.6 millime-
ters] in diameter), dark brown-to-black sclerotia 
that resemble black pepper. Typhula incarnata pro-
duces larger (0.125 inch [3.2 millimeters] in diam-
eter) reddish-brown sclerotia. 

Sometimes in early winter, Typhula species pro-
duce club-shaped sporocarps, which are homolo-

Snow mold damage on the creeping 
bentgrass practice green at Gateway GC in 

Land O’ Lakes, Wisconsin. 
Photos by G. Jung

All fungicides tested

Sclerotia of Typhula species. Left: Reddish brown sclerotia of T. incarnata (gray snow mold) embedded in infected leaf tissues. 
Right: Black pepper-like sclerotia speckled on the mycelium mat of T. ishikariensis (speckled snow mold).

Table 1. Fungicides tested in this study and their application rates.

Common name Trade name Company name

Application rate
Ounces/1,000 
square feet

Grams/100 
square meters

Azoxystrobin Heritage 50WG Syngenta 0.4 12.2
Chloroneb Terraneb SP Kincaid 9.0 274.6
Chlorothalonil Daconil WeatherStik Syngenta 5.5 167.8
Fenarimol Rubigan AS Gowan Co. 8.0 244.1
Fludioxonil Medallion 50WP Syngenta 0.5 15.3
Flutolanil Prostar 70WP Bayer 4.5 137.3
Iprodione Chipco 26019 Bayer 4.0 122.1
Mancozeb Dithane 37WF Dow AgroSciences 8.0 244.1
Myclobutanil Eagle 20EW Dow AgroSciences 1.2 36.6
Pentachloronitrobenzene (PCNB) Revere 4000 4F Chemtura 12.0 366.2
Propiconazole Banner Maxx Syngenta 2.0 61.0
Pyraclostrobin Insignia 20WDG BASF 0.9 27.5
Thiophanate-methyl Cleary’s 3336 50W Cleary Chemical 2.0 61.0
Thiram Thiram 75DG Cleary Chemical 8.0 244.1
Triadimefon Bayleton 50WSP Bayer 1.0 30.5
Trifloxystrobin Compass 50WDG Bayer 0.25 7.6
Vinclozolin Curalan 50EG BASF 1.0 30.5
Note. Individual treatments were applied at a nozzle pressure of 40 pounds/square inch (275.8 kilopascals), using a 
carbon-dioxide-pressurized boom sprayer equipped with two XR Teejet 8005 VS nozzles. All fungicides were sprayed in the 
equivalent of 3 gallons of water/1,000 square feet (0.12 liter/square meter).

085-107_July07 Techwell.indd   92085-107_July07 Techwell.indd   92 7/12/07   11:30:35 AM7/12/07   11:30:35 AM

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse Prepare
Banta_InDesign_090704:Banta_InDesign_090704
QuarkXPressª settings can't be modified by the user
InDesignª Print Style: Banta_PS_CMYK.prst
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Banta_081804.ppp
PitStop Actions: SynapseLogo.eal
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:   
Job Number:   
Proof Due:  Thu, Jun 8, 2006
Final Due:  Thu, Jun 8, 2006
Company:  Golf Course Management
Contact:  Roger Billings
Address:  1421 Research Park Drive
City:  Lawrence
State:  Kansas  Zip:  66049  Country:  USA
Office Phone:  785-832-4432
Email:  rbillings@gcsaa.org
�



July 2007 GCM  93  

research

but only Revere 4000 4F and Banner Maxx main-
tained relatively consistent effi cacy (<15% infec-
tion) in controlling two or more pathogens at Land 
O’ Lakes, where disease pressure was high. 

Signifi cant interactions between fungicides and 
snow mold fungi were also observed. Certain fungi-
cides provided better control for certain fungal species 
but not for other species, especially under high dis-
ease pressure (Table 2). For example, Banner Maxx, 
Terraneb SP and Bayleton 50WSP (triadimefon) 
yielded acceptable levels of disease control against 
speckled snow mold and gray snow mold, but Revere 
4000 4F, Terraneb SP, Compass 50WDG (trifl oxys-
trobin) and Bayleton 50WSP were more effective on 
pink snow mold. 

Fungus-specifi c fungicide 
application

Multiple fungicides or tank-mixtures of fun-
gicides have been commonly used to control 

Materials and methods
Field plots (3 feet × 4 feet [0.9 meter × 1.2 

meters]) were arranged in a split-plot design. We 
tested the effi cacy of 17 fungicides (Table 1) for 
controlling six different snow mold fungi, which 
were artifi cially introduced into the plots. The six 
fungi included three T. ishikariensis varieties (var. 
ishikariensis, var. canadensis and var. idahoensis), 
T. incarnata, T. phacorrhiza and M. nivale. Fun-
gicides were applied to fi eld plots that were inocu-
lated with the six snow mold fungi before snow 
cover. This experiment was repeated for three 
winters from 2003 to 2006.

Results
We have combined the data from the three 

years of experiments and have summarized the 
most signifi cant fi ndings for this article. 

Snow mold disease severity was greater in Land 
O’ Lakes because there were more snow-cover days 
and lower temperatures than in Stevens Point. Typh-
ula ishikariensis varieties were most active and aggres-
sive in Land O’ Lakes, but T. incarnata and M. nivale 
were most active in Stevens Point. Fungicide effi ca-
cies were signifi cantly lower in Land O’ Lakes than in 
Stevens Point. Most fungicides signifi cantly reduced 
snow mold damage below 30% at Stevens Point, 
but only 10 fungicides were effective against at least 
one fungal species at Land O’ Lakes. This difference 
might be caused by the longer snow cover in Land O’ 
Lakes, which may have diluted fungicide effects and 
favored fungal activity (6). 

In general, Revere 4000 4F (PCNB), Banner 
Maxx (propiconazole), Terraneb SP (chloroneb), 
Dithane 37WF (mancozeb) and Eagle 20EW 
(myclobutanil) signifi cantly reduced disease severity 
(<2% infection) against all snow mold pathogens at 
Stevens Point, where the disease pressure was low, 

Sporocarps of Typhula species. Left: Sporocarps of T. incarnata (gray snow mold) are pinkish white and look like elongated clubs. 
Right: Sporocarps of T. ishikariensis (speckled snow mold) are smaller and white. 

Fungicide effi cacy

Table 2. Fungicides that provided more than 80% control of three different snow mold fungi under low 
and high disease pressure.

Snow mold
Low disease pressure

(< 100 snow cover days)
High disease pressure

(> 100 snow cover days)
Typhula ishikariensis 
(speckled snow mold)

Terraneb SP, Dithane 37WF, 
Medallion 50 WP, Eagle 20EW, 
Revere 4000 4F, Banner Maxx 

Banner Maxx 

T. incarnata 
(gray snow mold)

Heritage 50WG, Terraneb SP, Daconil Weather-
Stik, Rubigan AS, Prostar 70WP, Chipco 26019, 
Dithane 37WF, Eagle 20EW, Revere 4000 4F, 
Banner Maxx, Insignia 20WDG, Thiram 75DG, 

Bayleton 50WSP, Curalan 50EG

Heritage 50WG, Terraneb SP, Daconil 
WeatherStik ,Rubigan AS, Prostar 70WP, 
Revere 4000 4F, Banner Maxx, Insignia 

20WDG, Bayleton 50WSP 

Microdochium nivale 
(pink snow mold)

Terraneb SP, Rubigan AS,
Medallion 50 WP, Prostar 70WP, 

Dithane 37WF, Eagle 20EW, 
Revere 4000 4F, Banner Maxx, 
Insignia 20WDG, Thiram 75DG, 

Bayleton 50WSP, Compass 50WDG 

Revere 4000 4F, Compass 50WDG 
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snow molds (7). However, there is little scientifi c 
knowledge to support this practice because fun-
gicide effi cacy can be infl uenced by various com-
pound factors, such as the physical or chemi-
cal properties of active ingredients or carriers of 
fungicides, plant physiology and fungal pathoge-
nicity under varying environmental conditions in 
winter (1,8).

Our fi eld evaluations clearly revealed that the 
effi cacy of fungicides on snow molds depends 
on disease pressure and fungal species. With the 
exception of Typhula phacorrhiza, which did not 
cause noticeable disease symptoms in our study, 
most snow mold pathogens increased in disease 
severity as the number of days of snow cover 
increased. Signifi cant interactions between fun-
gicide effi cacy and snow mold fungi suggest that 
tank-mix applications with fungus-specifi c fungi-
cides should be used to successfully control snow 
mold diseases (Table 2). 

The fi rst step in developing a snow mold 
fungicide program is to choose the appropriate 
fungicides based on the level of disease pressure 
and the species of snow mold fungi on the golf 
course. For example, our fi eld data indicate that 
for an area with more than 120 days of heavy 
snow, the best bet is Revere 4000 4F or Compass 
50WDG for pink snow mold; Banner Maxx, Ter-
raneb SP or Daconil WeatherStik (chlorothalonil) 
for gray snow mold; and Banner Maxx for speck-
led snow mold (Table 3).  

Additional fi eld studies are being conducted to 
evaluate application rates and various combina-
tions and tank-mixtures of fungicides for maxi-
mizing the effi cacy of managing the snow mold 
disease complex.
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Different rates of effi cacy for 
fungicides controlling snow mold 

fungi. Top: Banner Maxx (propiconazole) 
effectively reduced speckled snow mold 
caused by Typhula ishikariensis but did 
not control gray snow mold caused by 

T. incarnata. Bottom: Revere 4000 
4F (PCNB) was more effective in 
controlling gray snow mold than 

speckled snow mold.

Fungicides vs. snow mold fungi

Table 3. The fi ve most effective fungicides for three different snow mold fungi at low and high disease pressure.

Fungicide
Low disease pressure High disease pressure

T. ishikariensis T. incarnata M. nivale T. ishikariensis T. incarnata M. nivale 
Terraneb SP • • • •
Daconil WeatherStik • • •
Revere 4000 4F • • • • •
Banner Maxx • • • •
Compass 50WD • •

➔ Snow mold disease sever-
ity increased as the number of 
days of snow cover increased.

➔ Fungicide efficacy 
decreased as snow cover 

days increased.
➔ Banner Maxx (propicon-
azole) and Revere 4000 4F 
(PCNB) provided the most 

consistent efficacy against 
snow molds.

➔ Selecting the correct fun-
gicide is the key to successful 

control of snow molds.

The research says

Vv
v
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