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ABSTRACT

RELATIONSHIP OF GRAY SNOW MOLD DEVELOPMENT IN POA ANNUA/POA
PRATENSIS TO PERSISTENCE OF CHLOROTHALONIL AND FLUDIOXONIL
UNDER SNOW COVER AND EFFECT OF SNOW REMOVAL ON GRAY SNOW

MOLD DEVELOPMENT AT HIGH ALTITUDE GOLF COURSES.

Gray snow mold caused by Typhula incarnata and T. ishikariensis (speckled
snow mold) is a major problem on golf courses where snow cover persists for periods
exceeding 60 days. The disease is primarily managed by preventive fungicide
applications in fall prior to winter snow cover. However, fungicide rates necessary to
control snow mold are often much higher than those needed to suppress other turf
diseases during the summer. Studies were undertaken to determine the sensitivity of T.
incarnata and T. ishikariensis isolates to chlorothalonil and fludioxonil, two fungicides
commonly used for Typhula blight control. Growth of most isolates (70%) on potato
dextrose agar (PDA) amended with 1 pg/ml chlorothalonil was inhibited by more than
50% relative to growth on non-amended PDA. However, almost all isolates exhibited at
least some growth at concentrations as high as 500 pug/ml. Growth of most isolates was
inhibited by more than 50% on PDA amended with 0.1 pg/ml fludioxonil and > 90%
were inhibited by more than 80% at 1 ug/ml. The persistence of chlorothalonil and
fludioxonil residues in the turf during winter was measured by gas
chromatography/mass spectrometry. In 2005-2006, chlorothalonil concentrations
decreased by approximately 50% the first week after application and then decreased at

a rate of 0.7-1.0 pg/qg tissue/day during snow cover. The rapid decrease in



chlorothalonil concentration after the first week was not observed in other years.
Instead, concentrations of chlorothalonil and fludioxonil in the verdure decreased at less
than 1.0 pg/g tissue/day or remained nearly the same at most sampling dates indicating
these fungicides did not dissipate rapidly under snow. Despite this, only marginal
control of Typhula blight was observed in the fungicide-treated plots. In non-fungicide
treated plots, Typhula blight patches developed rapidly between the December and
January sampling dates, sometimes to a level of plot damage equal to that observed in
late April or May.

Golf course superintendents at high altitudes in Colorado apply fungicides in late
October before permanent snow cover to prevent gray or speckled snow mold
development. Snow is also removed from putting greens in March and kept snow-free
through spring to help suppress snow mold. However, the benefits of spring snow
removal in snow mold suppression compared to potential turfgrass damage caused by
exposure to low temperatures following removal have not been documented. We
compared snow mold severity and turfgrass health on a Kentucky bluegrass fairway at
Breckenridge and annual bluegrass plots at Vail, CO with permanent snow cover
through winter to plots where snow was removed from late October through mid-
November and to plots where snow was removed in mid-March and maintained snow-
free through the spring. Both gray and speckled snow molds were observed at both
locations and in each year, although the majority of the damage was caused by
speckled snow mold. Snow removal influenced temperatures at the turfgrass surface
during the winter and a similar trend was observed for each treatment in each year and

at both locations.
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CHAPTER 1

RELATIONSHIP OF GRAY SNOW MOLD DEVELOPMENT IN POA ANNUA/POA
PRATENSIS TO PERSISTENCE OF CHLOROTHALONIL AND FLUDIOXONIL UNDER
SNOW COVER

SUMMARY

Typhula blight is a major problem on golf courses where snow cover persists for
periods exceeding 60 days. The disease is primarily managed by preventive fungicide
applications in fall prior to winter snow cover. However, fungicide rates necessary to
control snow mold are often much higher than those needed to suppress other turf
diseases during the summer. Studies were undertaken to determine the sensitivity of
Typhula incarnata and T. ishikariensis isolates to chlorothalonil and fludioxonil, two
fungicides commonly used for Typhula blight control. Growth of most isolates (70%) on
potato dextrose agar (PDA) amended with 1 pg/ml chlorothalonil was inhibited by more
than 50% relative to growth on non-amended PDA. However, almost all isolates
exhibited at least some growth at concentrations as high as 500 pg/ml. Growth of most
isolates was inhibited by more than 50% on PDA amended with 0.1 pg/ml fludioxonil
and > 90% were inhibited by more than 80% at 1 ug/ml. The persistence of
chlorothalonil and fludioxonil residues in the turf during winter was measured by gas
chromatography/mass spectrometry. In 2005-2006, chlorothalonil concentrations
decreased by approximately 50% the first week after application and then decreased at
a rate of 0.7-1.0 pg/g tissue/day during snow cover. The rapid decrease in
chlorothalonil concentration after the first week was not observed in other years.
Instead, concentrations of chlorothalonil and fludioxonil in the verdure decreased at less

than 1.0 pg/g tissue/day or remained nearly the same at most sampling dates indicating

1



these fungicides did not dissipate rapidly under snow. Despite this, only marginal
control of Typhula blight was observed in the fungicide-treated plots. In non-fungicide
treated plots, Typhula blight patches developed rapidly between the December and
January sampling dates, sometimes to a level of plot damage equal to that observed in

late April or May.

Introduction:

Gray snow mold caused by Typhula incarnata and speckled snow mold caused
by Typhula ishikariensis, collectively called Typhula blight when they occur together, are
major problems on golf courses in areas where snow cover persists for long durations
(Hsiang et al., 1999). However, gray snow mold may also develop in a mild form during
winter in the absence of snow cover (Smith, 1989). Symptoms of snow molds are
evident at snowmelt and are usually exhibited as light yellow, straw-colored or grayish-
brown turf from a few centimeters to a meter or more in diameter (Smith, 1989). Leaves
in the affected areas are matted together and often are covered with grayish-white
mycelium. The mycelium desiccates as the turf grass dries out leaving areas of what
appears to be dead turfgrass. Most often, crowns of the turf plants are not affected and
will produce new leaves within two-three weeks after snowmelt (Smiley, 2005). Gray
snow mold will produce faintly pink sclerotia up to 5 mm in diameter and may be found
on or within the infected tissues (Smith, 1989). They will darken with age to a reddish-
brown or dark-brown, wrinkling as they dry. Sclerotia of gray snow mold can be variable

in shape, ranging from subglobose to elongated, flattened or irregular (Smith, 1989).



Speckled snow mold develops where winters are longer and more severe, usually
requiring a snow cover duration of at least 90 days and generally upwards of 120 days
(Chang et al., 2006). Sclerotia of speckled snow mold are readily detached from the
leaf and are much smaller than gray snow mold. They can be subglobose or slightly
flattened, light brown to almost black as they dry (Smith, 1989). A study done in
Wisconsin on the distribution of Typhula spp. found that in areas of longer snow cover
days (northern Wisconsin), Typhula ishikariensis occurred more frequently and in areas
of fewer days of snow cover (southern Wisconsin), T. incarnata was the dominant

species of snow mold (Chang et al., 2006).

Typhula is a basidiomycetous genus which has been assigned to different
taxonomic families over time (Hsiang et al., 1999). In the GenBank taxonomy web page

(http://www.ncbi.nIm.nih.gov/taxonomy), the genus Typhula is placed in the order

Thelephorales, family Typhulaceae (Hsiang et al., 1999). The classification of Typhula
ishikariensis and its varieties have been through several iterations. Pathogenicity,
distribution, basidiocarp size and mating experiments (Bruehl and Cunfer, 1975),
(Bruehl et al., 1975) split T. idahoensis from T. ishikariensis. Later studies regarded
these two species as conspecific and designated T. idahoensis as a variety of T.
ishikariensis and designated a variant of T. ishikariensis found in Canada as T.
ishikariensis var. canadensis (Arsvoll & Smith, 1978). In 1980, Bruehl and Machtmes
maintained that T. ishikariensis and T. idahoensis were separate species based on
mating experiments between Typhula isolates. T. ishikariensis var. canadensis was

rejected as a distinct variety (Bruehl and Machtmes, 1980). The T. ishikariensis complex


http://www.ncbi.nlm.nih.gov/taxonomy

was divided into two biological species by Matsumoto; var. ishikariensis from turf in
North America belongs to biological species | (Matsumoto, 1982) and Biotype A (Hsiang
et al., 1999), however, the Japanese biotype A (Biological Species I, Biotype A and
Group 1) does not cause disease on turf under natural conditions; Biological species Il
(Biotype C, Biotype Bss and Group Il) includes the North American var. canadensis;
and the Japanese biotype B, classified as Typhula idahoensis by Bruehl (Bruehl and
Cunfer, 1975), is also Group Il and Biological species | (Hsiang et al., 1999). A
publication by Hsiang using genetic markers found that, even though T. phacorrhiza, T.
incarnata, and T. ishikariensis are distinct species, the varieties of T. ishikariensis do
not show genetic differences at the species level (Hsiang & Wu, 2000). In 2006, the
development of species specific PCR primers designed to identify T. incarnata, T.
phacorrhiza, T. ishikariensis, T. ishikariensis var. ishikariensis and T. ishikariensis var.
canadensis for samples collected from golf courses throughout Wisconsin were able to
identify 1,835 isolates to one of the Typhula species and/or its variety (Chang et al.,

2006).

Cultural practices play an important role in the development of snow mold
diseases. Grasses need nitrogen fertility in order to overwinter, but excessive nitrogen
fertilization near the end of the growing season promotes lush growth and prevents the
turfgrass from becoming winter hardy (Hsiang et al., 1999). However, fertilization with
nitrogen after the growth of leaf blades has stopped in the fall may promote turfgrass
recovery and rapid growth in the spring (Couch, 1995). Fertilization with inorganic

fertilizers may reduce snow mold severity in Agrostis spp. as compared with using



organic fertilizers (Hsiang et al., 1999). Since gray and speckled snow mold requires
prolonged snow cover, attempts have been made to reduce snow mold severity by
removing snow from the turf surface (Hsiang et al., 1999) (see Chapter 2).
Recommendations for dealing with damage from snow molds in spring include
improving drainage, replanting or re-sodding, promoting rapid drying and warming of the
turf or lightly fertilizing the affected areas (Smiley, 2005).

The type of turfgrass also influences the severity of Typhula blight.
Bentgrasses, especially creeping bentgrasses (Agrostis palustris), are often severely
damaged by Typhula blight (Smith, 1989, Vargas, 1994, Wang et al., 2005) found
genotypic variation in creeping bentgrass clones to damage caused by T. ishikariensis.
Clones from fairways tended to be more resistant than those from putting greens.
Kentucky bluegrass (Poa pratensis) and annual bluegrass (Poa annua), often found on
golf course fairways or putting greens in Colorado, are considered intermediate in
susceptibility to Typhula blight (Vargas et al., 1972, Hsiang et al., 1999) although this

conclusion appears to be based on observational, rather than experimental evidence.

Recent research into biocontrol and organisms antagonistic to Typhula spp.
shows promise. Typhula phacorrhiza shows the most promise as a potential biocontrol.
Isolates have been identified that could inhibit disease caused by T. ishikariensis on
creeping bentgrass. A culture filtrate of Pseudomonas flourescens was inhibitory to
mycelial growth of T. ishikariensis and in field trials, a bacterial suspension was able to
reduce snow mold damage (Hsiang et al., 1999). Trichoderma atroviride is a cold

tolerant, versatile hyperparasite that was isolated from the sub-arctic region of Alaska



and has been found to suppress a wide range of economically important plant
pathogens, including Typhula incarnata, T. idahoensis and T. ishikariensis (McBeath,
2002.). Introducing these antagonists, as well as establishment, has been the largest
hurdle to practicing biocontrol. These antagonists have to be able to survive the harsh
winter environment under the snow cover as well as be low-temperature tolerant.
Economics also factor into biocontrol applications. These treatments may need to be
applied annually or bi-annually in order to build populations high enough to be
antagonistic to snow mold pathogens. This may result in costs even greater than
fungicide use, however environmental risks and societal concerns may justify these

costs if efficacy of the biocontrol is acceptable (Hsiang et al., 1999).

Typhula blight on bentgrass or annual bluegrass putting greens and fairways in
Colorado is primarily controlled with fungicide applications applied just before snow
cover in the fall. Nevertheless, Typhula blight can still produce varying degrees of
damage to the golf course. In spring, after snow melt, Typhula blight damage can pose
economic and aesthetic problems for the golf course superintendent to get the course in
shape in time for spring play. During the 1970’s and early 1980’s, inorganic fungicides
containing mercury and cadmium were widely and effectively used to control snow
molds. However, due to their effect on people and their persistence in the environment,
they fell into disfavor and their use was discontinued (Skoglund, 1998). The contact
fungicide quintozene replaced the mercurial compounds as the product of choice for
snow mold control because of its efficacy and price. However, quintozene is phytotoxic

to creeping bentgrass (Vargas, 1994). In 2010 the use of quintozene was briefly halted



by the Environmental Protection Agency due to potential human health effects, but it
was re-authorized for sale in August of 2011. Nevertheless, ongoing concerns about
guintozene resulted in continued research into alternative fungicides for Typhula blight
control.

Many other fungicide chemistries have been used in controlling Typhula blight
(Appendix 2). These include chlorothalonil, chloroneb, iprodione, fludioxonil,
thiophanate methyl, vinclozolin, and some of the triazole and strobiluron fungicides
(Hsiang et al., 1999, Jung, 2007, Vargas, 1994,). In most cases a combination of active
ingredients are used since several different fungal pathogens including Microdochium
nivale, T. ishikariensis and T. incarnata may be active under snow cover (Hsiang et al.,
1999). The combination of chlorothalonil, fludioxonil and propiconazole has effectively
controlled Typhula blight in Colorado (Appendix 3) and is widely used by
superintendents. Chlorothalonil and fludioxonil are non-polar, broad-spectrum
fungicides (Putnam et al., 2003), whereas propiconazole is a triazole. These fungicides
are also sold in a commercially available formulation called Instrata (Syngenta
Professional Products, Greensboro, NC).

Fungicide rates for Typhula blight control usually are several times that required
for controlling other turf diseases (Hsiang et al., 1999). The reason for this isn’t entirely
understood, although factors such as insensitivity of fungal isolates to selected
fungicides, chemical inactivity or effectiveness at low temperatures, fungicide
dissipation from melting snow, or photo- or biodegradation during winter may play a role
(Monadjemi et al., 2011, Sigler et al., 2003, Stromqvist and Jarvis, 2005, Wu et al.,

2002). Fungicide dissipation or degradation is of particular interest, since a fungicide



applied in the fall must persist and remain at high enough concentrations, sometimes for
periods of 4-5 months, to inhibit snow mold fungi. There have been many studies
looking at the fate of fungicides after application to turf (Carroll, 1993, Carroll, 2001,
Sigler et al., 2003, Stromqvist and Jarvis, 2005), although these studies have been
conducted during the summer when turfgrass is actively growing.

The objectives of this study were to identify the Typhula isolates collected from
different golf courses in Colorado, determine the sensitivity of a subset of these isolates
to chlorothalonil and fludioxonil, to monitor the persistence of these fungicides on the
turf during the winter, and evaluate the efficacy of these products in controlling Typhula

blight.

Methods and Materials:

Collection of Typhula isolates

Turf samples containing Typhula sclerotia were arbitrarily collected from snow
mold patches that had developed in the fungicide-treated plots at Vail and Breckenridge
during 2007 (Appendix 1). Individual sclerotia were disinfested in a 0.05% sodium
hypochlorite solution for 30 seconds (Jo et al., 2006) then rinsed with sterile distilled
water before plating on half-strength potato dextrose agar. Pure cultures were
maintained on %2 PDA at 10°C. Typhula isolates were also collected from various
locations in Colorado or were obtained from other sources (Appendix 1), and
maintained on ¥ PDA as described. Some isolates were collected from fairways that in
past years had been treated with fungicides, including chlorothalonil, propiconazole and

guintozene, whereas other isolates were collected from fairway roughs and other sites



where fungicides were less likely to have been applied. Typhula isolates were
speciated by morphological characteristics of the sclerotia (Smith, 1989). The species of
a smaller set of isolates (Table 3) was verified by amplifying the rDNA ITS region with
the universal primers ITS4 and ITS5, sequencing the amplicon, then comparing it with

known Typhula isolates using BLASTN (http://blast.ncbi.nim.nih.gov/Blast.cgi). In all

cases, the sequencing verified species identification based on morphology in culture.

Funqicide residue field plots

2005-06

To test the persistence of chlorothalonil in the turf through the winter, fungicide
plots were established on a Kentucky bluegrass (Poa pratensis) fairway at the
Breckenridge Golf Course, Breckenridge, CO, on 24 Oct 2005. The grass was mowed
at a height of approximately 1.5 cm during the growing season but was not mowed after
fungicide application. Plots measuring 3 m by 3 m were left untreated or were sprayed
with chlorothalonil (Daconil Ultrex 82.5WDG, Syngenta Professional Products,
Greensboro, NC) at 3.0 or 3.7 kg/ha or quintozene (Turfcide 400, American Vanguard
Corporation, Newport Beach, CA) at 15.12 kg/ha. Quintozene, a commonly used snow
mold fungicide, was included for comparison of efficacy to chlorothalonil, but residues
were not determined for this fungicide during the study. Applications were made using
a CO, sprayer pressurized to 138kPa and equipped with a spray boom with four 8004
flat fan nozzles to deliver water at 815 L per ha. Plots were arranged in a randomized

complete block design with four replicates. The fairway was snow-free on the date of


http://blast.ncbi.nlm.nih.gov/Blast.cgi

application and fungicides were allowed to dry on the foliage before collecting the first

samples.

Plot corners were marked with 2.4-m-long orange fiberglass poles such that the
boundaries of each treatment could be identified during snow cover. A 6.35-cm-
diameter X 5-cm-deep turf core sample was arbitrarily removed from each treatment
using a 1.2-meter-long soil core remover. Samples were placed in plastic bags, labeled
and stored at -80° C until they were processed for fungicide residue analysis. Samples
were collected approximately weekly for the first month after application, biweekly for

the following month, and monthly thereafter until the final collection on 2 May 2006.

2006-07

Fungicide trials were repeated in 2006 on a Kentucky bluegrass fairway at the
Breckenridge Golf Course and on an annual bluegrass fairway at the Vail Golf Club,
CO. The experimental design was identical to that in 2005-06, with an additional
treatment of the commercial fungicide mixture Instrata 3.61SE (Syngenta Professional
Products, Greensboro, NC) containing 3.7 kg chlorothalonil, 0.006 kg fludiozonil and
0.093 kg propiconazole per ha. Fungicide applications were made 24 Oct 2006 at both
locations. The turf had been mowed to a height of approximately 1.5 cm during the
growing season but was not mowed following fungicide application. Sample removal

and processing were the same as described above. Final sample removal and visual
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evaluations at Vail Golf Club occurred on 26 March 2007, whereas final sample

extraction and visual evaluations at Breckenridge was 1 May 2007.

2007-08

On 24 Oct 2007, plots on an annual bluegrass fairway at Vail were left untreated
or treated with applications of fludioxonil (Medallion 50WP, Syngenta Professional
Products, Greensboro, NC) at 0.008 kg/ha, propiconazole (BannerMAXX 1.3ME,
Syngenta Professional products, Greensboro, NC) at 1.08 kg/ha or two rates of the
Instrata as used in 2006-2007. Sample collection and processing for fungicide residue
analysis were the same as described above. Final samples were collected 12 May

2008.

Fungicide residues

Several extraction solvents and protocols were initially used to try to maximize
extraction of chlorothalonil and fludioxonil from turf samples (Appendix 3). The final
extraction procedure was based on research conducted by Mastovska (Mastovska and
Lehotay, 2004) using toluene as the solvent. Living, green turfgrass leaves and shoots,
hereafter referred to as the verdure (Beard, 1973) were clipped at a height just above
the thatch layer from the chlorothalonil or fludioxonil-treated turf cores collected at each
sampling date. The thatch layer is defined as the tightly intermingled layer of dead and

living stems and roots that develops between the verdure and soil surface (Beard,
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1973). Three, 0.2 g (fresh weight) sub-samples of verdure from the core removed from
each fungicide-treated plot were placed in 50 ml glass centrifuge tubes with Teflon-lined
caps. Ten ml of water-saturated toluene and 10 ml of distilled water were added to
each 50 ml tube. The tubes were agitated on a wrist-action shaker for 2 hours and then
centrifuged for 20 minutes at 6000 x g and 4°C to separate the toluene from water. A
100 pl aliquot of the toluene phase containing the chlorothalonil extract was placed in a
2 ml volumetric tube to which 10 pl of a 0.1 mg/ml butylate internal standard solution
and 1890 pl water-saturated toluene had been added. In the case of fludioxonil, 10 ul of
0.1 mg/ml metalochlor internal standard solution was added to 1990 pl of the toluene
phase containing the fludioxonil extract (no dilution was needed). Tubes were then
hand-shaken to mix the butylate and toluene or metalochlor and toluene; then
approximately 1 ml of the mixture was transferred to vials for analysis by gas
chromatography/mass spectrometry (GC/MS, Hewlett-Packard 5890 Series Il Plus Gas
Chromatograph, Hewlett-Packard 5972 Series Mass Selection detector, Agilent

Technologies, Palo Alto, CA, USA).

Fungicide concentrations in the toluene phase were analyzed with the GC/MS by
monitoring the masses for butylate (m/e 146,156,174) and chlorothalonil (m/e 264, 266,
268 270), or metolachlor (m/e 238, 240) and fludioxonil (m/e 248, 249). An HP 5MS 30
mm x 0.25 mm column was used with a flow of helium at 1.5 ml/min. The injection
temperature for the chlorothalonil runs was 225°C and the detector temperature was
280°C. The program for detecting chlorothalonil was as follows: initial oven

temperature 80°C (hold for 1 minute), ramped at 20°C min to 230°C, then held at 230°C
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for 1.5 minutes with a run time of 16 min. For each sampling date, analytical samples of
chlorothalonil at 50, 100, 250, 500 and 1000 ng/-ml™ or fludioxonil at 0.25, 0.5, 1.0, 2.0
and 5.0 ng/-ml™ in toluene were processed. The R? values of the peak area ratio of
chlorothalonil/butylate or fludioxonil/metalochlor to concentrations of chlorothalonil or

fludioxonil, respectively, were always >97%.

Fludioxonil and chlorothalonil residues extracted from the 2007-08 Instrata
treated plots were evaluated in a slightly different manner. Samples of verdure were
prepared as above using the toluene/water in 50 ml glass tubes. A 100 pl aliquot of the
toluene phase and 20 ul of a 0.5 mg/ml atrazine as the internal standard was placed in
a 2 ml volumetric tube for the chlorothalonil extraction after which 1880 pl of toluene
was added to bring to volume. A 1980 ul aliquot of the toluene phase was added to 20
pl of 0.5 mg/ml atrazine as the internal standard for the fludioxonil extraction from
Instrata. Fungicide concentrations in the toluene phase were analyzed with the GC/MS
by monitoring the masses for atrazine (m/e 200, 215) and chlorothalonil (m/e 266) or
fludioxonil (m/e 248, 249). An HP 5MS 30 mm x 0.25 mm column was used with a flow
of helium at 1.5 ml/min. The injection temperature for the fungicide runs was 250°C and
the detector temperature was 280°C. The program for detecting chlorothalonil was as
follows: initial oven temperature 150°C (hold for 1 minute), ramped to 250°C at a rate of
5°/min with a total run time of 20 min. For each sampling date, analytical samples of
chlorothalonil or fludioxonil at 0.05, 0.1, 0.25, 0.5, 1.0, and 2.0 pg/ml in toluene were

processed. The R? values of the peak area ratio of chlorothalonil/atrazine or
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fludioxonil/atrazine to concentrations of chlorothalonil or fludioxonil, respectively, were

always >99%.

Quiality control (QC) samples consisted of verdure without fungicide or spiked
with 50 or 100 pl of a 767 pg/ml chlorothalonil (made from the formulated Daconil Ultrex
product) in 2005-06 and 2006-07. Formulated product was initially used because of the
concern that inert ingredients might influence recovery. In 2006-07 and 2007-08
verdure spiked with a 0.5, 1 and 2 pug/ml of analytical fludioxonil or chlorothalonil were
also included in each run. Mean recovery rates for chlorothalonil were 90.1% (n = 33,
SD + 9.0) from Daconil Ultrex in 2005-06, 90.4 % (n=51, SD + 9.6) from Daconil Ultrex
in 2006-07, 90.2% (n=27, SD%7.9) from Instrata in 2006-2007 and 81.7% (n=24, SD *
9.5) from Instrata in 2007-2008. Mean recovery rates for fludioxonil were 94.2% (n=9,
SD#3.4%) from Instrata in 2006-07 and 94.1% (n=32, SD £ 5.9) from Instrata and

Medallion in 2007-08.

Data from all GC/MS were converted to fungicide concentrations (ug/g) using the
ratio of butylate to chlorothalonil, metolachlor to fludioxonil or atrazine to
chlorothalonil/fludioxonil and then to pg/g fresh plant tissue. Linear regression analysis
(SAS Inc., NC) was performed between fungicide concentrations and sampling dates.
To more accurately assess fungicide dissipation under snow cover, the initial sampling
date as well as those that occurred more than two weeks after snow melt in the spring,

were omitted from the final regression analysis.
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Efficacy of chlorothalonil and fludioxonil at high field application rates

Field studies from 2005-06, 2006-07 and 2007-08 indicated that labeled rates of
chlorothalonil and fludioxonil applied to the fungicide plots did not control Typhula blight
(Figure 1.12 and 1.13, Table 1.1). Therefore, the possibility of controlling Typhula blight
using higher fungicide rates (i.e. rates 2, 5 and 10 times the concentration of the highest
labeled rate) was evaluated in an annual bluegrass fairway at Vail in 2008-09. The
fairway had been maintained at a height of 1.5 cm prior to the experiment, but was not
mowed following the fungicide applications. Chlorothalonil (Daconil Ultrex) at 12.5,
22.5, 63.0 and 126.0 and fludioxonil (Medallion) at 0.38, 0.77, 1.91 and 3.86 kg/ha were
applied on 29 Oct 2008 in a randomized complete block design with four replications.
Applications were made in the manner previously described. Plots were rated 27 Apr
2009 for Typhula blight severity. Residue samples were not collected during the winter

and the experiment was not repeated.

In vitro fungicide inhibition assays

A 7 mm plug of agar containing mycelium of one of 180 Typhula ishikariensis or
15 T. incarnata isolates was placed individually in the center of a petri plate containing
% PDA amended with chlorothalonil (Daconil Ultrex) at O and 1 pg/ml. An arbitrarily
selected subset of T. ishikariensis (57 isolates at 10 and 100 pg/ml and 20 isolates at
500 pg/ml) and T. incarnata (11 isolates at 10, 100 and 500 pg/ml) was tested at other
concentrations. These concentrations were selected because they were in the range of

chlorothalonil residues detected in the verdure of fungicide-treated plots. Growth T.
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ishikariensis was determined in ¥2 PDA plates amended with fludioxonil (Medallion) at O,
0.1 and 1.0 pg/ml (199 isolates) or 0.01 and 0.001 pg/ml (39 isolates). Fifteen T.
incarnata isolates were tested at the same concentrations. Growth was recorded of 179
T. ishikariensis and 15 T. incarnata isolates in agar amended with propiconazole
(BannerMAXX) at 0 and 1 pg/ml. A subset of 57 T. ishikariensis and 11 T. incarnata
isolates were also grown on agar amended with propiconazole at 10 and 100 pg/ml. All
plates were incubated in a growth chamber with no internal light at 10°C for 22 or 30
days, and radial growth of the fungus on the plates was measured. The radius of the
initial agar plug was subtracted from each measurement. The percent relative mycelial
growth (RMG) at each fungicide concentration was calculated as the radial growth (on
fungicide-amended ¥ PDA/radial growth or non-amended %2 PDA) x 100 (Jo et al.,
2006). The relationships between RMG and fungicide concentrations were analyzed by
linear regression analysis (Minitab 14). However, R? values were often low (< 0.80) and
there was no linear relationship at the fungicide concentrations we tested for many
isolates. Therefore ECsp values were not determined by regression analysis. Instead
the percentage of growth inhibition of each isolate at each fungicide concentration was

determined.

Results:

Typhula isolates

A systematic survey of the distribution and frequency of Typhula species in

Colorado golf courses was not conducted, but isolates were collected from several
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locations in the state (Appendix 1). T. ishikariensis was present at most locations
whereas T. incarnata and T. phacorrhiza were less frequently recovered. A more
intensive collection was made from within plots at Vail and Breckenridge and 467 of the
isolates collected were identified as T. ishikariensis based on morphological
characteristics of their sclerotia. Although T. ishikariensis was dominant at both sites,
eleven isolates arbitrarily collected from an annual bluegrass rough adjacent to the
fungicide plots at Vail in 2007 were identified as T. incarnata.

A subset of 110 Typhula isolates were further characterized based on rDNA ITS
sequencing results (Table 1.3). Of these, 52% of the isolates were identified as T.
ishikariensis biological species 1 and 19% were identified as T. ishikariensis biological
species Il.

In addition to Typhula species, other fungi associated with snow mold damage
were collected. Myriosclerotinia borealis was identified at a single site in Wolcott, CO,
Waitea circinata was recovered from damaged turf at Granby, CO and Fibularhizoctonia
carotae was associated with mold on leaf debris on fairways at Loveland and Fort
Collins, CO. Another fungus that was apparently associated with snow mold damage
on Kentucky bluegrass fairways and that developed sclerotia resembling Typhula was
collected from Loveland and Colorado Springs. However, the rDNA ITS sequence was

less than 80% similar to any of the Typhula species and it remained unidentified.
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Residue trials

2005-06

Chlorothalonil residues in the verdure immediately following application of the low
and high rates of Daconil Ultrex on 24 Oct 2005 were 132 and 75 pg/g tissue,
respectively (Figure 1.1). Residues decreased by >50% after the first week and during
a period of no snow cover. Snow covered the plots after the first week in November
and remained for 134 consecutive days. Chlorothalonil residues decreased at a much
slower rate of -0.7 (R* = .90, P <0.001) and -1.0 (R* = .88, P <0.001) pg/g tissue/day in
the low and high Daconil Ultrex-treated plots, respectively, during this period. On 14
Mar 2006, the sampling date just prior to spring snow melt, chlorothalonil concentrations
of 7 and 24 pg/g tissue at the low and high application rates were detected in the
verdure. Chlorothalonil residues also were detected at levels <20ug/g tissue in samples
collected after snowmelt. Despite continued presence of chlorothalonil residues in the
verdure throughout the winter, chlorothalonil-treated plots sustained >50% damage from

Typhula spp. (Table 1.1).

2006-07

Chlorothalonil residues in the verdure immediately following applications of
Daconil Ultrex at the low and high rates on 24 Oct 2006 were 54 and 97, and 27 and 66
Mg/g tissue at Vail and Breckenridge, respectively (Figure 1.2). Residues at
Breckenridge were similar to those detected during the initial sampling date at the same

site in 2005 (Figure 1.1). Unlike 2005, there was no rapid decrease in chlorothalonil
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residues the first week after application at either site. Instead, slightly higher
chlorothalonil concentrations were measured after the first week at Vail. There was no
permanent snow cover at either location until mid-November 2006 and approximately
the top 1.5 cm of the solil froze during this period. The soil subsequently thawed after
permanent snow cover as determined by verdure temperatures recorded by thermistors
during the winter (data not shown). Snow melt occurred during the first week in Mar
2007 after which light rain and snow continued to fall through May, but any snow that
fell was not permanent on the plots. There was consistently higher chlorothalonil
residues on the annual bluegrass plots at Vail compared to the Kentucky bluegrass

plots at Breckenridge throughout the permanent snow cover period. Chlorothalonil

2
concentrations from 1 Nov 2006 through 26 March 2007 decreased at a rate of -0.2 (R

= .86, P=0.002) and -0.3 (R®=.62, P=0.02) pg/g tissue/day at Vail and -0.1 (R? = .76,

P=0.01) and -0.2 (R2 =.90, P =0.001) at the low and high application rates,
respectively, (Figure 1. 2), and chlorothalonil concentrations at the end of this period
were 11 and 24, and 25 and 59 ug/g tissue for the low and high chlorothalonil
application rates at Breckenridge and Vail, respectively. Similar chlorothalonil residues
at both sites were measured on 12 May 07. As in 2005-06, all plots at both locations
treated with the two rates of chlorothalonil sustained injury from Typhula spp. (Table
1.1), although damage was much more severe on the annual bluegrass fairway at Valil
(50-80%) compared to Breckenridge (24-40%).

In 2006, chlorothalonil was also applied to plots as part of the formulation of the
commercial fungicide mixture Instrata. The chlorothalonil application rate (3.7 kg/ha) in

the mixture was approximately half that of the low application rate of Daconil Ultrex (8
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kg/ha) in the same trial. Nevertheless, chlorothalonil concentrations in the verdure at
most sampling dates were similar (Figure. 1.3). Chlorothalonil concentrations in the
Instrata-treated plots were consistently lower at Breckenridge than Vail. Chlorothalonil
concentrations in the verdure of Instrata-treated plots were consistently lower at
Breckenridge than Vail. There was no clear trend in chlorothalonil residue changes in
the verdure during snow cover at either site (Figure 1.3). For example, chlorothalonil
concentrations from the Instrata application were 31 and 44 pg/g tissue on 24 Oct 2006
compared to 28 and 61 pg/g tissue on 26 Mar 2007 at Breckenridge and Vail,
respectively. Residues of fludioxonil, another component of the Instrata fungicide, were
<4ug/g tissue immediately following applications at both sites. There was a slight trend
toward decreasing concentrations through the winter, although fludioxonil could be
detected at all sampling dates. Plots treated with Instrata had approximately 8%

Typhula blight damage at Breckenridge compared to 48% at Vail (Table 1.1).

2007-08

On 24 Oct 2007, chlorothalonil was applied to plots at Vail as part of the
commercial fungicide mixture Instrata. Chlorothalonil residues in the verdure
immediately after application were 57 and 75 ug/g tissue for the low and high Instrata
rates, respectively, and did not change appreciably after the first week (Figure 1.4).
There was no permanent snow cover until 20 Nov 2007, and the verdure and top 1.5 cm
of soil froze by 15 Nov. The soil and verdure thawed following permanent snow cover.

Snow melt occurred during the first week in May 2008. Chlorothalonil residues
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fluctuated during the winter with no clear trend until 1 Apr 2008 when concentrations at
the two application rates dropped to approximately 25 pg/g tissue. Initial fludioxonil
residues in verdure resulting from low and high Instrata application rates were 0.5 and
0.8 ug/g tissue, respectively, and residues below 1.1 pg/g tissue were detected Until 1
Apr (Figure 1.4). No fludioxonil residue was detected in May at either application rate.
Application of fludioxonil alone (Medallion) to plots at 1.0 kg/ha resulted in much higher
initial residues (13 pg/g tissue) than Instrata applications. Residues remained above 10
Hg/g tissue until 6 Mar and then decreased rapidly at the last two sampling dates. Plots
treated with fludioxonil only (Medallion 50WP) sustained more (76%) Typhula blight
damage than plots treated with a combination of fludioxonil, chlorothalonil and

propiconazole (Instrata) at the low (36%) and high (22%) application rate (Table 1.1).

Efficacy of chlorothalonil and fludioxonil at high application rates

Because labeled rates of chlorothalonil and fludioxonil failed to provide adequate
Typhula blight control in the residue experiments, applications of up to 10X the highest
labeled rates of these fungicides were applied. Typhula blight was not effectively
controlled at any rate of fludioxonil (Table 1.2). Only the highest rate of chlorothalonil
provided some measure of control (14% damage), but this rate also caused

phytotoxicity to the annual bluegrass (Figure 1.11).
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In-vitro fungicide inhibition assays

Chlorothalonil was inhibitory to the growth of T. ishikariensis to some extent at all
concentrations tested (Figure 1.5). Although growth in 21% of the isolates was inhibited
by >90% at 1 pg/ml chlorothalonil, 53% (96/180) had a growth reduction <80%.
Increasing the chlorothalonil concentrations to 10 and 100 pg/ml increased growth
inhibition in some of the isolates, but not in others. For example, the proportion of
isolates that were inhibited by >90% remained similar at 10 (22%), 100 (19%) and 500
(18%) pg/ml. Thus increasing the chlorothalonil concentration to 500 pg/ml did not
result in complete inhibition of all isolates. Typhula incarnata isolates were even less
sensitive to chlorothalonil. Twelve of 15 isolates were only slightly or not inhibited
(<10%) at 1 pg/ml, and only 3 of 11 isolates had a growth inhibition >90% at a
concentration of 500 pg/ml (Figure 1.6).

Growth in approximately half of the T. ishikariensis isolates was slightly or not
inhibited (<10%) at 0.001 and 0.01 pg/ml fludioxonil, and none were completely
inhibited at these concentrations (Figure 1.7). Increasing the fludioxonil concentration
to 1 pg/ml resulted in growth reductions >80% in a larger proportion (85%) of isolates.
Nevertheless, only 12% of the isolates were completely inhibited or nearly so (>90%) at
1 pg/ml. Growth reduction in T. incarnata followed a similar pattern with very little
inhibition (<10%) in all isolates at 0.001 pug/ml, increasing inhibition at 0.01 and 0.1
pg/ml, but still not complete inhibition at 1 pg/ml (Figure 1.8). Growth of all T.
ishikariensis and T. incarnata isolates were completely inhibited at 10 pg/ml fludioxonil

(data not shown). Propiconazole at 1pg/ml reduced growth by varying amounts in T.
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ishikariensis isolates, but only 3 isolates were inhibited >90% (Figure 1.9). Although
growth was further reduced in many isolates at 10 pg/ml, only 3 additional isolates were
inhibited by >90%. Growth inhibition in T. incarnata followed a similar pattern with
increasing but not complete inhibition at 10 pg/ml propiconazole (Figure 1.10). Growth
of all T. ishikariensis and T. incarnata isolates were completely inhibited at 100 pg/ml

propiconazole (data not shown).

Discussion

The collection of Typhula ishikariensis and T. incarnata from many sites in
Colorado is in agreement with previous studies (Chang et al., 2006, Smith, 1989) that
showed these species are widely distributed in North America. There was a general
trend for T. ishikariensis to be more widely distributed at high elevations in Colorado
(Vail, Breckenridge), although this may have been an artifact of the sampling procedure.
Also, both species were recovered from golf courses at lower elevations (Ft. Collins and
Loveland).

Only T. ishikariensis was recovered from the fungicide plots at Vail and
Breckenridge in a more intensive sampling in 2007, even though T. incarnata was
consistently collected from blighted turfgrass in the fairway rough less than 100 m away.
The dominance of T. ishikariensis on bentgrass greens and fairways has also been
observed in Wisconsin and Utah (Chang et al., 2006). The reason for this isn’t known,
but it is unlikely the apparent exclusion of T. incarnata from the fungicide plots was a
result of environmental differences such as snow depth or length of snow cover. Itis

also unlikely that a difference in fungicide sensitivity between the species is the cause,
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even though the roughs are rarely treated with fungicides and fairways are treated
annually. Typhula incarnata was similar in sensitivity to propiconazole, and less
sensitive to fludioxonil and chlorothalonil than T. ishikariensis. T. incarnata is
considered a weak pathogen, but is better able to survive in a saprophytic phase than T.
ishikariensis (Matsumoto, 1994). It also adapts to less favorable locations for snow
mold development (Smith, 1992) with a major saprotrophic phase. In contrast, the more
aggressive T. ishikariensis may be better able to colonize highly maintained turfgrass on
the fairway and thus displace T. incarnata from these sites.

During the general survey, a Typhula-like fungus was recovered from blighted
Kentucky bluegrass patches in Colorado Springs, Fort Collins and Loveland. The
fungus produced sclerotia with somewhat similar characteristics to T. incarnata. The
rDNA ITS sequences of the isolates from the different locations were the same, but
were distinctly different from published sequences of T. incarnata and T. ishikariensis.
However, the sequences matched (>98% similarity) those of an unidentified snow mold
fungus collected in Oklahoma (Conway and Williams, 1986) and Wisconsin (Millett,
1999). The fungus was slightly pathogenic to creeping bentgrass in a Wisconsin study
(Millett, 1999), whereas no evidence of pathogenicity was detected in laboratory studies
conducted in Oklahoma (Conway and Williams, 1986) and Colorado (Jorge Ibarra and
Ned Tisserat, Colorado State University, personal communication). The fungus
probably has a mostly saprophytic phase colonizing dead turfgrass damaged by
Typhula blight

This general survey also correlated with the survey that Chang et al. (Chang et

al., 2006) conducted in Wisconsin, Minnesota and Utah to identify Typhula species from
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golf courses in these states. They found that when there were an increased number of
snow cover days, the frequency of Typhula ishikariensis increased. This is very similar
to what was found in the survey of golf courses in Colorado. Golf courses in the
mountains of Colorado generally have upwards of 120 days of snow cover each winter,
and the primary species that was recovered from these areas was Typhula ishikariensis
(Biological species I). The frequency of Typhula ishikariensis may also be due to its’
greater inoculum potential (Chang et al., 2006), as well as environmental conditions.

Fungicides have not always provided the desired level of control of Typhula blight
even though they may be applied at very high rates ( Appendix 2), (Hsiang et al., 1999).
One possible explanation is that fungicides may dissipate in the verdure prior to snow
cover or during the long period of snow cover. Wu et al. (2002) found that
chlorothalonil persisted in the turf for only 12 days, with a dissipation half-life of 4.9
days, following application to a bentgrass putting green in summer. Mondadjemi et al.
(2011) reported a similar simulated half-life of 5.3 days for chlorothalonil and concluded
photodegradation played an important role. Thus, applying a fungicide too far in
advance of snow cover might result in reduced fungicide residues in the verdure.
However, | did not observe significant (>50%) decreases in chlorothalonil residues,
except at Vail in 2005, following application; even though, in some cases, fungicides
were applied up to three weeks before snow cover. Furthermore, chlorothalonil and
fludioxonil persisted throughout the winter under snow cover with minimal loss in
concentration.

The lack or slow rate of chlorothalonil and fludioxonil dissipation during late fall

and early winter may be a result of several factors. Fairways were not mowed, and as a

25



result, clippings containing fungicide residue were not dislodged to the thatch or soll
following fungicide application. Both bio- and photodegradation can be a factor in
fungicide dissipation (Monadjemi et al., 2011, Sigler et al., 2003, Wang et al., 2011 ),
but cold temperatures inhibiting microbial growth, shorter day lengths, and a diminished
light intensity under snow likely reduced losses by these factors. Fungicides can also be
washed from the foliage. Carroll et al. (Carroll, 1993 and 2001) found that chlorothalonil
washoff was relatively slow and constant once the fungicide dried; however, significant
loss could occur during the first hour if a simulated rainfall occurred. Any precipitation at
high elevations in Colorado following fungicide application would likely occur as snow.
Melting snow should not have the same washoff potential as rainfall. It was observed
that the ground beneath the snow remained frozen during winter and a thin film of water
was present on leaves. It was also noted on the samples that were collected that the
turfgrass continued to grow, as evidenced by the new shoots of annual bluegrass or
Kentucky bluegrass. This apparently was not sufficient to dislodge or reduce a
significant amount of fungicide during the winter. A practical implication of these results
is that while it is still desirable to apply fungicides as close to snow cover as possible,
applications within 1-2 weeks before permanent snow should not cause significant
fungicide dissipation.

Chlorothalonil and fludioxonil concentrations in the verdure immediately following
application in each year were approximately 8-12 times lower than predicted (880 and
90 ug/g tissue for the highest chlorothalonil and fludioxonil rates, respectively) based on
calculations using the average weight of the verdure collected from the turf cores. Wu

et al. (Wu et al., 2002) also observed an eight fold difference between observed and
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predicted concentrations of chlorothalonil on a bentgrass green. In their study,
approximately 200 pg chlorothalonil/g tissue were recovered immediately after
application of the fungicide at a rate of 24.5 kg/ha compared to the 68-115 pg/g tissue |
recovered following application of 13.9 kg/ha (44% less) of the fungicide. In contrast,
Carroll et al. (2001) reported recovery of about 5,000 ug/g chlorothalonil in foliage
following application of the fungicide at 9.2 kg/ha.

The reason for the apparent discrepancies between theoretical and observed
fungicide residues isn’t known. Chlorothalonil is a lipophilic compound and presumably
penetrates waxy leaf surfaces making extraction more difficult. Nevertheless, extraction
efficiency from bluegrass leaves spiked with known concentrations of chlorothalonil was
always greater than 81% in my studies. The turfgrass is not a flat surface, and it is
possible some fungicide did not adhere to leaves during application. For example,
Carroll et al. (Carroll, 2001) estimated that only 51-55% of chlorothalonil was
intercepted in the turfgrass canopy. However Wu et al. (Wu et al., 2002) found only a
very small concentration of chlorothalonil was present in thatch one day after
application, and no detectable amounts were found in soil. In the preliminary GC
optimization runs, there was no detection of chlorothalonil in thatch samples, although
the sampling was not extensive.

All of the fungicides tested were inhibitory to T. ishikariensis and T. incarnata in
vitro. However, while concentrations of chlorothalonil as low as 1 pg/ml inhibited most
of the isolates to some degree, a majority of isolates exhibited at least some growth at
concentrations as high as 500 pg/ml. Similarly, most T ishikariensis and T. incarnata

isolates exhibited at least some in vitro growth at fludioxonil and propiconazole
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concentrations detected in the field. There was no evidence of a ‘qualitative’ resistance
whereby an isolate exhibited complete insensitivity to the fungicide (Deising et al., 2008)
. Instead, isolates exhibited more ‘quantitative’ effects in which they may tolerate
increasing concentrations of fungicide until some critical threshold is reached. Efflux
transporters in fungal membranes are responsible for removing toxic chemicals (e.g.
phytoalexins) from their cells (Deising et al., 2008) and it is possible that this
mechanism is reducing fungicide levels in the fungal cells to sub-lethal levels.

| conducted the in vitro assays at 10°C and it is possible that results would have
been different had they been done at 1°C. Typhula species are psychrophilic and are
more metabolically active at low temperatures than most fungi. The possible
combination of slower absorption of the fungicide and an active detoxification or efflux
system might have allowed the fungus to tolerate relatively high fungicide
concentrations.

The fungicide concentrations used in the in vitro studies were similar to those
observed in the turfgrass verdure in field plots. Given that snow cover may persist for 4
months or longer, these data suggest that even limited fungal growth could result in
significant turf colonization. For example, T. ishikariensis isolates had an approximate
diameter growth of 3 mm/day on non-amended agar at 10°C. Even with a 50% growth
reduction resulting from fungicide inhibition, a Typhula colony would attain a diameter of
18 cm after 4 months. Obviously many other factors, including near freezing
temperatures under the snow could influence the growth rate, but it is plausible that a
growth-inhibited fungus could cause damage to the turfgrass provided the fungicide did

not affect pathogenicity. A high sclerotial population in the fungicide-treated turfgrass,
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and subsequently the development of many small infection centers, could still result in
major damage unless fungicide concentrations in the verdure exceeded that needed for
complete inhibition. This may explain why increasing fludioxonail and chlorothalonil
application rates in the field did not result in complete control of Typhula blight.

But even at the higher concentrations of fludioxonil and chlorothalonil, Typhula
blight was not totally inhibited. And in the in-vitro studies, with higher concentrations of
fludioxonil, chlorothalonil and propiconazole, it was noted that what appeared to be
sporocarps were growing on the original mycelial plug, although this was never
confirmed. It appeared that the fungus was trying to grow away from the fungicide-
amended agar. So it may be that the fungus is able to ‘grow out’ of the fungicide layer
in the turfgrass in order to cause disease. These structures were not observed in the
field or on any of the collected samples, but they may not have survived for very long in
the verdure. Since both fludioxonil and chlorothalonil are contact fungicides, new turf
growth under snow cover may also reduce fungicide efficacy. Even though recovery of
sufficient amounts of fungicide residue from the verdure should theoretically inhibit
fungal growth, this was not inhibitory to the fungus. This may be why, in the funigicide
trials (Appendix 2), two or more fungicides combined in one application seem to work

better than individual compounds.

29



120 -

) o
-
7y}
2 100 .
o o chlorothalonil
g 80 - (13.9 kg/ha)
® . m chlorothalonil
8.1 kg/ha
©
'm 60 - o
o
T 40 -
i)
©
S
s 20 o
L)
c |
@) 0 i ; |
> © N I
TS F &S& L
ARG "-"Q N o R @@

Figure 1.1. Relationship between chlorothalonil residues in the verdure and sampling
dates during the winter of 2005-06 following application of two rates of chlorothalonil to
a Kentucky bluegrass fairway at Breckenridge, CO on 24 Oct 2006. The rates of
chlorothalonil loss from the verdure from 14 Nov 2005 to 14 Mar 2006 were not different
(P>0.10) between the high (-1.0 pg/g tissue/day, R? = 0 .88, P<0.001) and low (-0.7
Hg/g tissue/day, R? = 0 .90, P<0.001) application rates of chlorothalonil. Shaded area
represents period of snow cover during the winter.
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Figure 1.2. Relationship between chlorothalonil residues in the verdure and sampling
dates during the winter of 2006-07 following application of two rates of chlorothalonil on
24 Oct 2006 to an annual bluegrass fairway at Vail, and a Kentucky bluegrass fairway at
Breckenridge, CO. Rates of chlorothalonil loss from the verdure at Vail from 5 Nov 2096
to 26 Mar 2007 were not different (P >0.10) betV\éeen the high (-0.3 pg/g tissue/day, R =

0.62, P =0.02) and low (-0.24 pg/g tissue/day, R =0.86, P =0.002) rates. Similarly
chlorothalonil loss rates were not different (P>0.10) betweenzhigh (-0.2 pg/g tissue/day,

R2 =0.90, P =0.001) and low rates (-0.09 pg/g tissue/day, R =0.76, P =.0 01) at
Breckenridge. Shaded area represents period of snow cover during the winter.
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Figure 1.3. Relationship between chlorothalonil and fludioxonil residues in the verdure
and sampling dates during the winter of 2006-2007 following application of the
commercial fungicide mixture Instrata containing chlorothalonil (3.7 kg/ha), fludioxonil
(0.006 kg/ha) and propiconazole (0.093 kg/ha), to an annual bluegrass fairway at Valil
and a Kentucky bluegrass fairway at Breckenridge, Colorado. The rate of fludioxonil
loss from the verdure 5 Nov 2006 to 26 Mar 2007 were not different (P >0.10) between

Vail (-0.004 1129/9 tissue/day, R2 =0.44, P = 0.09) and Breckenridge (-0.006 ug/g
tissue/day, R =0.65, P =0.03). Shaded area represents period of snow cover.
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Figure 1.4. Relationship between chlorothalonil and fludioxonil residues in the verdure
and sampling dates during the winter 2007-08 following application of two rates of the
commercial fungicide mixture Instrata containing chlorothalonil (3.0 and 3.7 kg/ha),
fludioxonil (0.005 and 0.006 kg/ha) and propiconazole (0.076 and 0.093 kg/ha), and
fludioxonil (0.008 kg/ha) applied alone (as the commercial fungicide Medallion 50WP)
to an annual bluegrass fairway at Vail, Colorado. Shaded area represents period of
permanent snow cover.
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Figure 1.5. Inhibition in diameter growth of Typhula ishikariensis isolates on potato
dextrose agar amended with 1,10, 100, and 500 pg/ml chlorothalonil relative to growth
in non-amended agar. A subset of isolates was screened at the higher concentrations.

34



Chlorothalonil 1 ug/ml Chlorothalonil 10 ug/ml
3
12
10
w w
] )
5 4 I 2
3 2
“5 6 s
5 4 L
z z
2
0 0
] 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 50 70 80 90 100
Growth inhibition (%) Growth inhibition (%)
Chlorothalonil 100 ug/ml Chlorothalonil 500 ug/ml
4 4
“n w
ig 3 g 3
8 2
%, 5 2
L =
: £
3 :
1 L
0 0
0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Growth inhibition (%) Growth inhibition (%)

Figure 1.6. Inhibition in diameter growth of Typhula incarnata isolates on potato

dextrose agar amended with 1, 10, 100, and 500 pg/ml chlorothalonil relative to growth

in non-amended agar.
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Figure 1.7. Growth inhibition of Typhula ishikariensis on half-strength potato dextrose
agar amended with 0.001, 0.01, 0.1 and 1 pg/ml fludioxonil relative to growth of isolates
in non-fungicide amended agar.
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Figure 1.8. Growth inhibition of Typhula incarnata isolates on half-strength potato
dextrose agar amended with 0.001, 0.01, 0.1 and 1 pg/ml fludioxonil relative to growth
of isolates in non-fungicide amended agar.
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Figure 1.9. Growth inhibition of Typhula ishikariensis isolates on half strength potato
dextrose agar amended with 1 and 10 pg/ml propiconazole relative to growth in non-
amended agar. A subset (57) of all isolates (179) was screened at the higher
concentration.
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Figure 1.10. Growth inhibition of Typhula incarnata isolates on half strength potato
dextrose agar amended with 1 and 10 pg/ml propiconazole relative to growth in non-
amended agar.
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Figure 1.11. Concentration study (2008-09) using chlorothalonil applied at 10X the
recommended rate showing that development of snow mold was inhibited; however,
phytotoxicity damage to turfgrass was exhibited.
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Figure 1.12. Typhula blight damage to A) chlorothalonil treated (8.1 kg/ha), B)
chlorothalonil treated (13.9 kg/ha), and C) an untreated plot on a Kentucky bluegrass
fairway at Breckenridge, CO in May 2006. Area between the lines is an individual
treatment plot.
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Figure 1.13. Typhula blight damage to A) chlorothalonil-treated plot (8.1 kg/ha), B)
chlorothalonil treated plot (13.9 kg/ha), and C) an untreated plot on an annual bluegrass
fairway at Vail, CO in March 2007. Area between the black lines is an individual
treatment plot.
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Figure 1.14 Representative isolates of Typhula spp. Plate labeled 581 is Typhula
incarnata; Plate labeled 411 is Typhula ishikariensis var. canadensis/BSlI; Plate labeled
195 is Typhula idahoensis/BSI; and Plate labeled SM2 is Typhula ishikariensis var.
ishikariensis/BSI. Note differences in color and size of the sclerotia.
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Table 1.1. Typhula blight damage to a Kentucky Bluegrass fairway at Breckenridge,
and an annual bluegrass fairway at Vail, CO, following fungicide applications.

Treatment and Rate % of Plot Damaged™

Breckenridge|Breckenridge Vail Vail
2005-06 2006-07 2006-07 2007-08

Quintozene

15.12 kg/ha

(Turfcide 400) 17.5b 24.0bc 50.0c

Chlorothalonil

8.06 kg/ha

(Daconil Ultrex

82.5WDG) 58.8a 20.0bc 73.75b
Chlorothalonil

13.86 kg/ha 50.0a 40.0b 82.0ab
Chlorothalonil

3.7 kg/ha,

Propiconazole

0.093 kg/ha,

Fludioxonil

0.006 kg/ha

(Instrata 3.61SE) 7.5¢ 48.75¢c 22.5d
Chlorothalonil

2.98 kg/ha,

Propiconazole

0.076 kg/ha,

Fludioxonil

0.005 kg/ha 36.3cd
Fludioxonil

0.765 kg/ha

(Medallion 50WP) 75.8b
Propiconazole

1.075 kg/ha

(BannerMAXX 1.3ME) 52.5¢c

Untreated Control 42 5a 71.25a 87.0a 98.8a

*Percent damage is the mean of 4 replications. Means not followed by the same letter
in the same column are different (P<0.05) according to a F-least significant difference
test.
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Table 1.2. Typhula blight damage to an annual bluegrass fairway at Vail, CO, in 2009
following applications of chlorothalonil and fludioxonil at labeled and 2X, 5X and 10X

labeled rates.

% of Plot Damaged (means of 4

Treatment and Rate treatments)
Labeled Rate
Daconil Ultrex  Chlorothalonil
82.5WDG 12.51 kg/ha 83.0ab
Chlorothalonil
2X 25.22 kg/ha 52.5¢
Chlorothalonil
5X 63.08 kg/ha 58.8bc
Chlorothalonil
10X 126.04 kg/ha 14.3d
Untreated Control 94.0a
Labeled Rate
Medallion
50WP Fludioxonil 0.38 kg/ha 74.3a-c
2X Fludioxonil 0.77 kg/ha 78.0a-c
5X Fludioxonil 1.91 kg/ha 82.5ab
10X Fludioxonil 3.86 kg/ha 62.5bc

*Values are means of four replications. Means not followed by the same letter are
different (P<0.05) according to an F-least significant difference test.

YTurfgrass in plots was extensively discolored as a result of phytotoxicity from the high
rate of chlorothalonil.
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Table 1.3. Snow mold isolates identified by ITS sequencing. Biological species | is
Typhula ishikariensis var. ishikariensis or T. ishikariensis var. idahoensis; Biological
species Il is T. ishikariensis var. canadensis.

Snow Mold Isolates Sequenced
\Vail \ Breckenridge \ Other Locations

Typhula ishikariensis-
Biological species |

40 17 16
Typhula ishikariensis var.
canadensis- Biological
species Il 14 7 9
Typhula incarnata

8 0 13
Typhula phacorrhiza

0 0 4
Myriosclerotinia borealis

0 0 1
Microdochium nivale

1 0 0
Waitea circinata 0 0 1
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CHAPTER 2

EFFECT OF SNOW REMOVAL ON GRAY SNOW MOLD DEVELOPMENT AT HIGH

ALTITUDE GOLF COURSES.

SUMMARY

Golf course superintendents at high altitudes in Colorado apply fungicides in late
October before permanent snow cover to prevent gray (Typhula incarnata) or speckled
snow mold (Typhula ishikariensis) development. Snow is also removed from putting
greens in March and kept snow-free through spring to help suppress snow mold.
However, the benefits of spring snow removal in snow mold suppression compared to
potential turfgrass damage caused by exposure to low temperatures following removal
have not been documented. We compared snow mold severity and turfgrass health on
a Kentucky bluegrass fairway at Breckenridge and annual bluegrass plots at Vail, CO
with permanent snow cover through winter to plots where snow was removed from late
October through mid-November and to plots where snow was removed in mid-March
and maintained snow-free through the spring. Both gray and speckled snow molds
were observed at both locations and in each year, although the majority of the damage
was caused by speckled snow mold. Snow removal in the fall resulted in high
fluctuation of temperatures at the turfgrass surface until permanent snow cover
stabilized them for the remainder of the winter. Snow removal in the spring also

resulted in extreme temperature fluctuations, but damage to the turfgrass by freezing
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temperatures was not apparent. A similar trend in temperature fluctuations was

observed for each treatment in each year and at both locations.

Introduction:

Gray snow mold caused by Typhula incarnata and speckled snow mold caused
by T. ishikariensis, collectively called Typhula blight, are major diseases of turfgrasses
at high elevations in Colorado. These fungi oversummer in the thatch as hardened
sclerotia. Scleortia germinate in fall and the mycelium colonizes the above-ground
portions of plants. Sclerotia of T. incarnata may also germinate to form sporocarps that
produce basidiospores. However, sporocarp formation is apparently restricted to
regions with rainy or foggy fall weather (Smith, 1989), and has not been observed in
Colorado. Although turf can be damaged by T. incarnata from late autumn to early
spring in wet, cold climates with little to no snow, both T. incarnata and T. ishikariensis
are more often active under deep, prolonged snow cover (Smith, 1989). In spring after
snowmelt, patches of matted turfgrass with gray mycelium are apparent. In severe
cases, coalescing patches may cover the entire sward. Numerous sclerotia are formed
on diseased leaf surfaces or are embedded in leaf tissue. Damage from Typhula blight
is variable; in some years only the leaves are killed, whereas in others large areas of
the turfgrass may be killed.

Typhula blight is primarily controlled with preventive fungicide applications in fall
just prior to snow cover. Efficacy can be influenced by the active ingredient used,

application timing, and disease severity. Numerous fungicides and fungicide
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combinations have been tested for Typhula blight control (Koch, 2010a, b, and c, Koch,
2011, Popko, 2011a, b, and c) ( Appendix 2 ). In general, fungicide combinations
having different modes of action are recommended with the assumption that these
mixtures provide a broader spectrum of control against a variety of snow mold
pathogens (Chang et al., 2006, Jo et al., 2006, Jung, 2007, Vargas, 1994). Fungicides
are often applied as a single application as close to snow cover as possible to prevent
chemical dissipation or photodegradation. For example, the dissipation half-life of
chlorothalonil on a bentgrass putting green in the summer was 5 days (Wu et al., 2002).
In another study, the field-extrapolated half-life of chlorothalonil photolysis on vegetation
was also estimated to be 5 days (Monadjemi et al., 2011). In contrast, chlorothalonil
persisted for up to five months under snow without appreciable dissipation (Chapter 1).
It has been recommended that systemic fungicides should be applied before leaf growth
completely stops in the fall to allow for uptake and movement, although details on timing
weren’t provided (Smiley, 2005). This premise has been adopted and modified by some
Colorado superintendents into the practice of making two fall applications for Typhula
blight control; one fungicide application containing a systemic triazole or strobiluron
fungicide in late September or early October, followed by a second application in late
October or early November just prior to snow cover.

Late winter or early spring snow removal is often cited as a control strategy for
Typhula blight (Hsiang et al., 1999, Smiley, 2005). This is based on observations that
Typhula blight is more severe in areas with a longer duration of snow cover (Chang et

al., 2006, Hsiang et al., 1999, Smith, 1989). Late winter snow removal from putting
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greens has been widely implemented by Colorado superintendents as a way to reduce
Typhula blight, yet there is no experimental data to support this practice.
Superintendents also remove snow in late winter to prevent ice or freeze damage to the
turfgrass. Winter injury, resulting from low temperatures or ice cover is important in
cold climate areas (Beard and Olien, 1963), including Colorado. The injury is often
exacerbated if the predominant grass species is annual bluegrass (Poa annua)
(Tompkins et al., 2004), which is the most common species of turfgrass on high
elevation golf courses in Colorado. Contrary to the practice of early snow removal,
Tompkins et al. (Tompkins et al., 2000) concluded that it was important to maintain a
snow cover on putting greens in order to maintain turfgrass dormancy for as long as
possible.

The objectives of my study were to examine the efficacy of various fungicides
against Typhula blight, and to determine whether two fall fungicide applications
enhanced control relative to a single application just before snow cover. 1 also
determined whether certain cultural practices, including fall and spring snow removal,

and snow compaction influenced Typhula blight development.

Methods and Materials:

Effect of fungicide and snow removal on snow mold development 2005-06.

Plots were established on an annual bluegrass golf course fairway at Vail and a

Kentucky bluegrass fairway at Breckenridge, CO on 24 Oct 2005 to determine the
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effects of fungicide applications and snow removal timing on Typhula blight damage.
Plots were arranged in a split-plot randomized complete-block design with 4
replications. Whole plots measured 1.5 X 4.3 m and were left untreated or treated with
guintozene (Turfcide 400F, American Vanguard Corporation, Newport Beach, CA) at
15.12 kg a.i./ha. Applications were made using a CO, sprayer pressurized to 138 kPa
and equipped with a spray boom with four 8004 flat fan nozzles to deliver water at 815 L
per ha. Subplots measured 1.4 X 2.1 m and consisted of; no snow removal during the
experiment; snow removal at approximately weekly intervals from the application date
until the end of November (Fall) and thereafter allowing snow to accumulate on plots
until spring melt, or; snow removal at approximately weekly intervals from 1 Mar 2006
until the final rating date on 27 Apr 2006 (Spring). Snow was removed with shovels
(Figure 2.3). Snow covered the plots on 21 Nov 2005 and remained until 20 Apr 2006.
Temperatures at the turfgrass surface in each snow-removal treatment were recorded
at two hour intervals for the duration of the experiment using thermistors (Spectrum
Technologies, Plainfield, IL).

Typhula blight severity was determined at the last sampling date on 7 May 2006
by visually estimating the percent damage in each plot. Data were subjected to analysis
of variance and means separated using Fisher’'s protected least significant difference
(LSD) (P=0.05). Typhula blight severity in the non-fungicide, non-snow removal
subplots was also collected at approximately monthly intervals through the winter. On
the first and last sampling dates with no snow cover, sub-plots were rated visually.
However, Typhula blight severity in plots on other dates with snow cover were

estimated by arbitrarily removing two, 6.35-cm-diameter X 5-cm-deep turf cores from

54



each plot using a 1.2-meter-long soil core remover (Figure 2.4) and determining
percentage of dead grass in each core. The percent damage in the two cores from
each subplot were averaged; those percentages were then used to determine the mean
snow mold damage among the four replicates in each treatment.

The experiment was repeated at Vail and Breckenridge in 2006-2007 using the
same plot design as previously described. The commercial fungicide mixture Instrata
3.6SE (Syngenta Professional Products, Greensboro, NC) containing 3.7 kg
chlorothalonil, 0.006 kg fludioxonil and 0.093 kg propiconazole a.i. per ha was applied at
Vail, while quintozene (Turfcide 400F, American Vanguard Corporation, Newport
Beach, CA) at 15.12 kg a.i./ha was applied at Breckenridge. Fungicide applications
were made on 24 Oct 2006 at both locations and final snow mold damage ratings were
made on 1 May 2007. Temperature measurements and turfgrass core collections also
were the same as in 2005-06, except that cores were placed in a layer of moistened
sand in 30-cm-diameter plastic pots and incubated in the greenhouse for two weeks
after which they were rated for percentage turf damage (Figure 2.5).

A third experiment was conducted at Vail in 2007-08. Plot sizes were the same
as in 2005-06. On 24 Oct 2007 the commercial fungicide mixture Instrata 3.6SE
(Syngenta Professional Products, Greensboro, NC) at the same application rates of
2006-2007 was applied to whole plots. Subplots consisted of no snow removal or a
spring removal as previously described. A fall snow removal treatment was not
included and turf cores were not collected during the winter. The final plot rating was on

12 May 2008.
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Effect of show compaction on temperatures at the turfgrass surface

Nordic track ski trails were created for cross-country skiing and snowshoeing at
the Breckenridge and Vail golf courses by compacting snow covering the fairways and
tee boxes using a track-driven vehicle (snow cat). Trails were groomed and compacted
following each snow event during the winter. The level of snow compaction was not
measured. Temperatures at the snow/turfgrass interface beneath the Nordic track and
an adjacent non-compacted area on a golf course fairway at each course were
measured at 2-hour intervals with thermistors (Spectrum Technologies, Plainfield, IL)

throughout the winter in 2006-07 and again in 2007-08.

Funaqicide efficacy trials

Fungicide efficacy trials have been conducted each year since 1984 to determine
which chemical/biological treatments provide the best control of Typhula blight.
Fungicides were applied to a Kentucky bluegrass fairway at Breckenridge or to an
annual bluegrass fairway or putting green at Vail, CO. Treatments were arranged in a
randomized complete block with three to four replications. Individual plots measured
1.5 x 1.5 m on the fairways and 0.9 x 0.9 m on the putting green. Fungicides were
applied in late October to early November with a CO, powered sprayer as previously
described: granular formulations were spread using a hand-held shaker. In some
cases sand was added to the granular formulations to increase volume and allow for

more uniform coverage of the plot during application. Plots were rated in April or May
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after snow melt for percentage turfgrass damage by Typhula blight. Methods and
results of these studies from 2005-2011 are presented in Appendix 2.

In addition to comparing the efficacy of different fungicide products, studies were
conducted to determine whether two fall fungicide applications were superior to a single
application just before snow cover in controlling Typhula blight. In these studies, a
combination of fungicides were applied in late September or early October
approximately one month before snow cover. A second application of these same
fungicide combinations, or in some cases a slightly different fungicide combination, was
applied in late October (Table 2.1). These treatments were compared by paired T-tests
to plots treated with the same fungicide combinations applied in late October only

(Table 2.1).

Results

Effect of fungicide and snow removal on snow mold development

Both gray and speckled snow molds were observed at both locations and in each
year, although the majority of the damage was caused by speckled snow mold. Pink
snow mold was not common (<1% of the patches) in any year.

Typhula blight severity was consistently higher on an annual bluegrass fairway at
Vail compared to a Kentucky bluegrass fairway at Breckenridge (Figure 2.6).
Applications of quintozene at Vail and Breckenridge in 2005-2006 and 2006-2007, and

the formulated product Instrata at Vail in 2007-08 (Figure 2.10) reduced (P<0.05), but
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did not completely suppress Typhula blight (Figure 2.6 and 2.7). There were no
interactions in Typhula blight damage between fungicide and snow removal treatments,
except at Vail (P<0.5) in 2005-06 where severe damage (86%) was observed in the
fungicide-treated plots that had snow removed in the fall. Most of the damage was a
result of freeze injury and not Typhula blight as determined by the lack of mycelium and
sclerotia in the dead grass. Fall snow removal did not increase winter damage or
Typhula blight in Kentucky bluegrass at Breckenridge in either year (Figure 2.6 and 2.7).
Spring snow removal also did not reduce (P>0.10) snow mold severity in fungicide-
treated or non-treated subplots compared to subplots with no snow removal.

Snow removal treatments influenced temperatures at the turfgrass surface during
the winter; a similar trend was observed for each treatment in each year and at both
locations (Figure 2.11, 2.12 and 2.13). In the no-snow removal plots, surface
temperatures fluctuated prior to snow cover, and then stabilized between -1°C and 0°C
for the duration of winter until snow melted in spring. In the fall snow removal plots,
temperatures fluctuated widely, with temperatures reaching lows of -18°C on some days
in late November 2005 at Vail (Figure 2.11). Similar trends were seen in other years
(Figure 2.12 and 2.13). After snow cover, temperatures slowly increased and then
stabilized by mid-December to near freezing for the remainder of the winter. The
freezing and thawing cycles in late November resulted in increased damage to the
annual bluegrass at Vail, but not Kentucky bluegrass at Breckenridge. Temperatures in
the spring-snow removal plots mimicked those in the no-snow removal plots from
November until March. Then temperatures at the turfgrass surface fluctuated widely,

and multiple freezing and thawing cycles occurred after snow removal. Yet no
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increased turf damage was observed as a result of fluctuating temperatures in the
spring-snow removal plots (Figure 2.6, 2.7 and 2.10). Maximum temperatures recorded
at the surface during periods of no snow cover were likely higher than what actually
occurred because the thermistors may have been heated by direct exposure to sunlight.
Temporal development of Typhula blight was monitored in the no-snow removal
plots in 2006-07 and 2007-08 at Vail and Breckenridge (Figure 2.8 and 2.9). No
mycelium or sclerotia of Typhula spp. were observed on cores removed during
November in either year. On 23 Dec 2006, a very sparse mycelium of Typhula
(determined by microscopic confirmation of clamp connections) was observed on cores
collected at Vail and Breckenridge, however, turf necrosis was not observed. Similarly,
no turf damage was observed on 6 Dec 2007 at either location. However, Typhula
blight severity had increased dramatically at both locations and in both years by the
January sampling period (Figure 2.8 and 2.9). In fact, the disease severity recorded in
January, with the exception of Vail in 2007-08, was similar to the final severity ratings

taken in April or May.

Effect of snow compaction on temperatures at the turfgrass surface

In 2005-06, Typhula blight was observed in a non-snow compacted area
adjacent to, but not under, a snow-compacted Nordic ski track path that had been
established on the Kentucky bluegrass fairways and tees at Breckenridge. This
phenomenon was observed again in 2006-07 (Figure 2.14 and 2.15). Temperatures at

the turfgrass surface in the non-compacted areas remained near 0°C, whereas
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temperatures under the compacted areas were continuously below freezing and
consistently 3-7°C colder during the majority of the winter (Figure 2.16 and 2.17).
Although the turfgrass under the Nordic track exhibited few Typhula blight patches
following snow melt, it was discolored and took several weeks longer than the non-

compacted areas to resume growth in the spring (Figure 2.14 and 2.15).

Funqicide Efficacy Trials

Results of the fungicide efficacy trials from 2005-06 through 2010-11 are
included in Appendix 2. Although a detailed analysis of each experiment is not provided
here, some general observations can be made. Typhula blight damage (>90% each
year) on an untreated annual bluegrass fairway at Vail was always more severe than a
Kentucky bluegrass fairway at Breckenridge. Many of the treatments provided only fair
to poor control at Vail, although some resulted in adequate (<10% damage) suppression
of Typhula blight (Appendix 2). Several biological control products were tested, but
none provided satisfactory control of Typhula blight.

One of the key comparisons in each year of the study was the efficacy of a late-
September application of a fungicide combination followed by a second application in
late October, compared to a single fungicide application prior to snow cover (Table 2.1).
Twenty paired comparisons from two golf courses over a 7-year period were analyzed
and in only one case did the two application regime provide better (P<0.05) control of

Typhula blight than the single fungicide application.
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Discussion

Kentucky bluegrass and annual bluegrass have been reported as intermediate in
susceptibility to T. incarnata and T. ishikariensis (Wu and Hsiang, 1998). In my studies,
annual bluegrass was consistently more severely damaged by Typhula blight than
Kentucky bluegrass. Not only were the patches less numerous in Kentucky bluegrass,
they were more superficial and the turfgrass appeared to recover quickly once the
turfgrass resumed growth. Golf course superintendents in Colorado that manage
Kentucky bluegrass fairways and that have limited fungicide budgets may be able to
forego fall fungicide applications without suffering significant turfgrass damage from
Typhula blight.

Golf course superintendents in the Colorado Mountains routinely remove snow
from putting greens beginning in late February and keep the greens snow-free for the
duration of the winter. Many do this in the belief that it helps suppress snow mold
development. Snow molds are reported to be more severe during winters with
extended periods of snow cover (Hsiang et al., 1999; McBeath, 2002; Nissinen, 1996)
and snow removal is often recommended as a control (Hsiang et al., 1999; Smiley,
2005; Smith, 1989). Repeat fungicide applications after a mid-winter thaw or snow
removal also have been suggested (Burpee et al., 1990; Fushtey, 1980; Smiley, 2005).
However, in these experiments, Typhula blight severity at the time of snow removal in
early March in the non-fungicide treated subplots was very similar to that observed in
the no-snow removal plots rated in late April or May. For example, the non-fungicide

treated annual bluegrass subplots had already been damaged >90% by Typhula blight
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at the time of snow removal in March. Residue studies (Chapter 1) also indicated that
fungicide concentrations in the verdure did not appreciably decline from November
through March, thus obviating the need to re-treat the turfgrass after snow removal.
Therefore, this research did not support the practice of late winter snow removal in the
early spring to help suppress Typhula blight development on fungicide-treated turfgrass.

Another reason superintendent’s remove snow from putting greens in late winter
is to prevent ice formation resulting from melting snow under snowpack. The
combination of crown hydration followed by ice formation is a major cause of winter
damage to annual bluegrass in some regions (Dionne et al., 2001; Fry, 2004; Tompkins
et al., 2000, 2004). There was no ice formation or freeze injury to annual bluegrass or
Kentucky bluegrass in the no-snow removal subplots in any year of these studies. Turf
quality was similar to that in the spring snow removal plots. Thus, my results did not
support the need for early snow removal to prevent freeze injury. However, plots were
established on a level fairway rather than a putting green and it is possible that the
higher mowing height may have protected crowns from freeze injury. Furthermore, ice
damage may be an issue in low areas of fairways or putting greens where water is more
likely to puddle and freeze.

Late winter snow removal can expose turfgrass to extreme temperature
fluctuations and multiple subfreezing events as evidenced by temperature data in the
snow removal subplots. Annual bluegrass quality immediately following snow removal
in early March was excellent in all subplots; surprisingly there was no evidence of ice
formation or freeze injury to the turfgrass in any year. The turfgrass in the spring snow

removal subplots continued to remain healthy throughout the spring even though it was
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exposed to multiple freezing/thawing events. Cold-acclimated plants are more tolerant
of freezing temperatures (Fry, 2004), and it is possible that the extended exposure of
turf under snow cover led to a high level of cold-acclimation.

The hypothesis was that snow removal in late fall would freeze the upper soll
profile and result in surface temperatures during the winter too cold for snow mold
development. Although Typhula spp. are psychrophilic, their growth is inhibited when
soil temperatures drop below 0°C (Cunfer and Bruehl, 1973; Dejardin and Ward, 1971;
Hoshino et al., 1997; McBeath, 2002.). In these plots, snow removal in November
resulted in temperatures fluctuating between a low of 15-18°C and a high of 25°C at the
turfgrass surface until permanent snow cover provided temperature stabilization.
However, temperatures eventually increased and remained near 0°C, and similar to the
no-snow removal plots, throughout the winter. Therefore there was no advantage, in
terms of reducing surface temperatures below freezing for long periods, with this
treatment. However, fall snow removal did result in significant freeze damage to the
annual but not Kentucky bluegrass in 2005-06. Golf course superintendents in
Colorado often apply nitrogen fertilizers and continue to irrigate late into fall to
encourage turfgrass recovery and to promote golf play for as long as possible. These
practices may inhibit cold-acclimation and limit winter hardiness (Fry, 2004; Smith,
1989).

Typhula sclerotia germinate in the soil or thatch during cool, wet weather just
prior to or immediately following snow cover to produce mycelium (Hsiang et al., 1999;
Vargas, 1994). The mycelium then colonizes plant tissue directly or through stomata

(Oshiman et al., 1995), although the rate at which this occurs is variable depending on
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environmental conditions. Although mycelial growth apparently begins soon after snow
cover in late fall, long snow durations are required for plant colonization and significant
plant damage (Hsiang et al., 1999; Smith, 1989; Vargas, 1994). The rate at which these
fungi colonize tissue has not been thoroughly studied. McBeath (2002.) reported that
maximum snow mold activity in Alaska occurred in late spring as the snow began to
melt and when soil temperatures were near 0°C and the soil/snow interface was
saturated. These same conditions were observed soon after snow cover in late fall and
in the absence of snow melt. Yet there was no evidence of mycelial growth or plant
colonization in November in cores removed under snow cover, and only sparse fungal
growth and no plant damage in December. By early to mid-January, extensive mycelial
growth on plants was observed, suggesting that plant colonization occurred over a
relatively short time period. Whether the turfgrass had been colonized by Typhula at a
level not visually observable is not known, but these results suggest plant colonization is
not necessarily a gradual process.

Preventing snow compaction has been offered as a management tool for
suppressing Typhula blight (Smiley, 2005). Snow compaction may prevent rapid snow
melting in spring and could result in longer periods of snow cover. However, it was
noted that snow compaction lowered the surface temperature to a level that is inhibitory
to Typhula growth (Hsiang et al., 1999; McBeath, 2002;, Matsumoto, 2009; Smith,
1989,). These data were corroborated by the lack of Typhula blight development under
the Nordic track. Although snow compaction could be an effective strategy for reducing
Typhula blight, its application may have other detrimental effects. For example, annual

and Kentucky bluegrass in compacted areas exhibited more discoloration and a slower
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spring greenup relative to non-compacted areas. Compaction also resulted in irrigation
line damage at Breckenridge in 2006 as a result of freezing pipes. Thus compaction
may be of limited use on golf courses for control of snow molds caused by Typhula.
Another control strategy for Typhula blight that is of questionable value in
Colorado, but isstill used, is the practice of making a fungicide application in late
September or early October followed by a second application just before snow cover.
The origin of this concept is unknown, although it may be based on the belief that
sclerotia of Typhula germinate during wet, cool periods in the fall to form basidiospores
that are subsequently dispersed by air currents. Fungicide applications presumably
prevent this early inoculum buildup prior to snow cover. However, sporocarps of T.
ishikariensis are rare in nature (Cunfer and Bruehl, 1973) and have never been
observed in Colorado. In addition, it is assumed that uptake and movement of systemic
fungicides is better when the turfgrass is actively growing. In my studies, early fall
fungicide applications, with one exception, did not enhance Typhula blight control. The
significant expense of this early fungicide application cannot be justified based on these

results.

65



Figure 2.1. Golf Course superintendents at high elevation courses in Colorado routinely
remove snow from putting greens in late February or early March.
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Figure 2.2. Annual bluegrass putting green after snow removal in late February 2006.
Note that there is no discoloration or evidence of freeze injury to the turfgrass.
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Figure 2.3. Snow removal from plot in March 2008.
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Figure 2.4. Removal of soil cores with a 1.2-meter-long soil core remover during 2005-
06.
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Figure 2.5. Example of gray and speckled snow mold damage to turfgrass cores
removed from snow-covered plots and incubated in greenhouse for 2 weeks (2006-07).
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Figure 2.6. Effect of snow removal and fungicide applications on turfgrass damage at
Vail and Breckenridge, CO 2005-06. The fungicide quintozene was applied 25 Oct prior
to permanent snow cover on 21 Nov 2005. Snow was not removed (none), removed at
weekly intervals during November (Fall), or removed at weekly intervals from 5 Mar,
2007 (Spring) until the final rating date on 7 May. Damage resulting from the November
snow removal was a combination of winter injury and snow mold development. Means
not followed by the same letter are significantly different (P =0.05) by Fisher’s LSD test.
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Figure 2.7. Effect of snow removal and fungicide applications on turfgrass damage at
Vail and Breckenridge, CO 2006-07. The fungicide quintozene was applied 25 Oct prior
to permanent snow cover on 7 Nov 2006. Snow was not removed at weekly intervals
from plots (None), removed from 7 Nov to approximately the last week in November
(Fall removal), or removed on 5 March, 2007 (Spring removal) until the final rating date
on 7 May (presented here). Damage resulting from the November snow removal was a
combination of winter injury and snow mold development. Means not followed by the
same letter are significantly different (P =0.05).
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Figure 2.8. Seasonal development of gray and speckled snow mold in non-fungicide
treated plots on an annual bluegrass and Kentucky bluegrass fairway at Vail and
Breckenridge, CO respectively in 2005-06. Shaded area represents the period of snow
coverage on plots. Snow mold damage on all dates except 27 Apr 2006 were
determined by removing turf cores from underneath the snow cover and estimating plot
damage based on injury to the cores. Bars for each mean represent standard error.
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Figure 2.9. Seasonal development of gray and speckled snow mold in non-fungicide
treated plots on an annual bluegrass and Kentucky bluegrass fairway at Vail and
Breckenridge, CO, respectively, in 2006-07. Shaded area represents the period of
snow coverage on plots. Snow mold damage on all dates except 1 Apr were
determined by removing turf cores from underneath the snow cover and estimating plot
damage based on injury to the cores. Bars for each mean represent standard error.
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Figure 2.10. Effect of snow removal and fungicide applications on turfgrass damage at
Vail, CO 2007-08. The commercial fungicide Instrata (containing the active ingredients
chlorothalonil, propiconazole and fludioxonil) was applied 25 Oct 2006 prior to
permanent snow cover on 7 Nov. Snow was not removed from plots (None), or
removed on 26 Mar 2008 (Spring removal) and weekly thereafter until the final rating
date 24 Apr 2008. Means not followed by the same letter are significantly different (P
=0.05) by Fisher’s LSD test.
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Figure 2.11. Temperatures at the turf surface on Kentucky bluegrass fairway at
Breckenridge, CO during the winter 2005-06 for plots with no, fall (turquois), spring

(purple), and no (brown and green) snow removal. Shaded area represents the period
of snow cover.
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Figure 2.12. Temperatures at the turf surface on annual bluegrass fairway at Vail, CO
during the winter 2005-2006 for plots with no, fall (turquois), and spring (purple) snow
removal.
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Figure 2.13. Temperatures at the turf surface on annual bluegrass fairway at
Breckenridge, CO during the winter 2006-07 for plots with A) fall (brown line) and no
snow removal (blue line) and B) spring (blue line) and no snow removal (brown line).
The spring and fall snow removal bars indicate the period in which snow was physically
removed from the plots at approximately weekly intervals. Shaded area represents the
period of snow cover.
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Figure 2.14. Snow mold damage was less severe on a Kentucky bluegrass tee at
Breckenridge, CO where snow was compacted for Nordic track.
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Figure 2.15. Snow mold damage was less severe on a Kentucky bluegrass fairway at
Breckenridge, CO where snow was compacted for Nordic track. Note turfgrass
discoloration associated with snow compaction.
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Figure 2. 16 Temperatures at the surface of Kentucky bluegrass in adjacent areas of a
fairway where snow had not been compacted or had been compacted for the
construction of a Nordic ski track at Breckenridge CO, 2006-07.

81



20 | |
Q
10 U Non-compacted
v bl
2 A
© il
Yoo |l
GEJ IR e . |
— Lﬂwih‘ | | o by

| T | [}
L) S|
A /
Compacted
Dec Jan Feb Mar Apr

Figure 2.17. Temperatures at the surface of annual bluegrass in adjacent areas of a
fairway where snow had not been compacted or had been compacted for the
construction of a Nordic ski track at Vail CO, 2006-07.
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Figure 2.18. Damage to snow removal plots by snow mold at Vail, CO, 2007-2008.
Plot 201 was no spring snow removal and no fungicide application, plot 203 was spring
snow removal and no fungicide application. Plot 202 was no spring snow removal with
a fungicide application and plot 204 was spring snow removal with a fungicide
application.
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Table 2. 1 Comparison of one versus two fall fungicide applications for the control of

Typhula blight at Vail and Breckenridge, CO 2005-2011.

Location", year, treatment®" and rate

Percent Damage (=

SE)*

Breckenridge 2004-05

BannerMAXX 1.3MEC 4.0 fl oz followed by BannerMAXX

1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 oz 11.7+9.4

BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 75+£25 NS

0z

Spectro 90WDG 4.0 oz followed by Spectro 90WDG 4.0

0z + CL-EXP-4 1.0 oz 3.01.1

Spectro 90WDG 5.76 0z + CL-EXP-4 1.0 oz 20+x1.0 NS

Spectro 90WDG 4.0 oz followed by Spectro 90WDG 4.0

0z + Endorse 2.5WP 4.0 oz 11.8 6.2

Spectro 90WDG 5.76 oz + Endorse 2.5WP 4.0 oz 9.0+4.1 NS

Untreated control 61.3 £10.9
Vail 2004-05

BannerMAXX 1.3MEC 4.0 fl oz followed by BannerMAXX

1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 oz 25.0 £2.9

BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 23.7+4.2 NS

0z

Spectro 90WDG 4.0 oz followed by Spectro 90WDG 4.0

0z + CL-EXP-4 1.0 oz 3.8+2.4

Spectro 90WDG 5.76 0z + CL-EXP-4 1.0 oz 43121 NS

Spectro 90WDG 4.0 oz followed by Spectro 90WDG 4.0

0z + Endorse 2.5WP 4.0 oz 6.3+1.3

Spectro 90WDG 5.76 oz + Endorse 2.5WP 4.0 oz 10.0£2.0 NS

Untreated control 93.8 4.7
Breckenridge 2005-06

BannerMAXX 1.3MEC 4.0 fl oz followed by BannerMAXX

1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 0z 11.3+55

BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 27.8 £17.7 NS

0z
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Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6SE 5.5 fl 0z
Instrata 3.6SE 11.0 fl oz

Untreated control

Vail 2005-06
BannerMAXX 1.3MEC 4.0 fl oz followed by BannerMAXX
1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 oz
BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5
0oz

Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6SE 5.5 fl oz
Instrata 3.6SE 11.0 fl oz

Untreated control

Vail 2006-07
Spectro 90WDG 4.0 oz followed by Cleary 26/36 4.0 fl oz
+ Daconil Ultrex 82.5WDG 5.5 oz
Spectro 90WDG 4.0 oz + Cleary 26/36 4.0 fl oz + Daconil
Ultrex 82.5WDG 5.5 oz

Untreated control

Vail 2007-08
Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6SE 5.5 fl
0z
Instrata 3.6SE 11.0 fl oz

Untreated control

Vail 2008-09
Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6SE 5.5 fl
0z
Fairway
Practice green
Instrata 3.6SE 11.0 fl oz
Fairway
Practice green

Untreated control
Fairway
Practice green

Vail 2009-10
Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6SE 5.5 fl oz
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1.0 +0.7
0.0 NS

38.8+12.1

25.0+6.4
33.7+5.9 NS

20.5+6.1

30.0 £13.3 NS

65.8 +14.3

20.8 +13.1

33.8+16.2 *

88.8 £3.8

27.5%7.5

143 +6.6 NS

98.3+1.2

23.34.8
15.0+3.5 NS

16.7£5.9 NS
18.3+6.6 NS

92.3+5.9
98.3



10.0 +2.9
Instrata 3.6SE 11.0 fl oz 11.7 1.7 NS

Curalan 50EG 1.0 oz + Daconil Ultrex 82.5WDG 3.2 oz
followed by Insignia 20WG 0.7 0z + Trinity 19.2SC 1.0 fl

oz + Daconil Ultrex 82.5WDG 3.2 oz 23.3+£1.7
Insignia 20SC 0.54 oz + Trinity 19.2SC 1.0 fl oz + Daconil
Ultrex 82.5WDG 3.2 oz 16.7 £3.3 NS
Untreated control 81.7 £1.7
Vail 2010-11
Instrata 3.6SE 5.5 fl oz followed by Instrata 3.6 SE5.5f 0.8 £0.3
0z
Instrata 3.6 SE 11.0 fl oz 25+1.2 NS

Pegasus HPX 2.75 fl oz + Kestrel MEX 1.3ME 2.0 fl oz +
Dovetail 39.3EC 4.0 fl oz + Disarm SC 0.18 fl oz followed
by Pegasus HPX 2.75 fl oz + Kestrel MEX 1.3ME 2.0 fl oz

+ Dovetail 39.3EC 4.0 fl oz + Disarm SC 0.18 fl oz 0.0
Pegasus HPX 5.5 fl oz + Kestrel MEX 1.3ME 4.0 fl oz +
Dovetail 39.3EC 8.0 fl oz + Disarm SC 0.36 fl oz 4.0 £3.7 NS

Interface 24.5SC 3.0 fl oz + Triton Flo 367SC 0.5 fl oz

followed by Interface 24.5SC 3.0 fl oz + Triton Flo 367SC 6.3 £3.8
0.5floz

Interface 24.5SC 6.0 fl oz + Triton Flo 367SC 0.85 fl oz 0.0 NS

Untreated Control 90.0 +0.0

YPlots were established on a Kentucky bluegrass fairway at Breckenridge and at an
annual bluegrass fairway at Vail except in 2008-09, when plots were placed on both an
annual bluegrass fairway and practice putting green at Vail.

*Treatments with a fungicide application made in late September and followed by a
second application in late October or early November just before snow cover were
compared to the same or similar fungicide combination applied only at the second date.

"Fungicide treatments were propiconazole 14.% a.i. (Banner MAXX and Kestrel MEX),
fludioxonil 50.0% a.i (Medallion 50WP), polyoxin D Zinc Salt 2.5% a.i. (Endorse 2.5WP),
chlorothalonil 82.5% a.i. (Daconil Ultrex 82.5WDG), chlorothalonil 54.0% a.i. (Pegasus
HPX), vinclozolin 50.0% a.i. (Curalan 50EG), pyraclostrobin 20.0% a.i. (Insignia 20WG),
triticonazole 19.2% a.i. (Trinity 19.2SC), fluoxastrobin 40.3% a.i. (Disarm 480SC),
triticonazole 30.1% a.i. (Triton Flo), chlorothalonil 72% a.i. and thiophanate-methyl 18%
a.i. (Spectro 90WDG), iprodione 19.65% a.i. and thiphanate-methyl 19.65% a.i. (Cleary
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26/36 and Dovetail EC), iprodione 23.1% a.i. and trifloxystrobin 1.44% a.i. (Interface),
chlorothalonil 29.9%, propiconazole 4.7% and fludioxonil 1.2% (Instrata 3.61SE).

Z Damage ratings are the means of 4 replications. A paired T test was used to compare
the single fall fungicide application to two fall applications. A * indicates a significant
(P<0.05) and NS a non-significant (P>0.10) difference between treatments. Damage
from the untreated control plots was included as a reference of overall snow mold
severity (pressure) in the experiment.
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APPENDIX 1

LIST OF SNOW MOLD ISOLATES
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Isolate No. Collected From Date Collected Id* Isolate No. Collected From Date Collected Id*

SM101 Vail, CO 5-Mar-07 TISH SM147 Loveland, CO No Date TISH
SM102 Vail, CO 5-Mar-07 TISH SM148 Vail, CO 26-Mar-07 TISH
SM103 Vail, CO 5-Mar-07 TISH SM149 Vail, CO 26-Mar-07 TISH
SM104 Vail, CO 5-Mar-07 TISH SM150 Vail, CO 26-Mar-07 TISH
SM105 Vail, CO 5-Mar-07 TISH SM151 Vail, CO 26-Mar-07 TISH
SM106 Vail, CO 5-Mar-07 TISH SM152 Vail, CO 26-Mar-07 TISH
SM107 Vail, CO 5-Mar-07 TISH SM153 Vail, CO 26-Mar-07 TISH
SM108 Vail, CO 5-Mar-07 TISH SM154 Vail, CO 26-Mar-07 TISH
SM109 Vail, CO 5-Mar-07 TISH SM155 Vail, CO 26-Mar-07 TISH
SM110 Fort Collins, CO No Date TINC SM156 Vail, CO 26-Mar-07 TISH
SM111 Fort Collins, CO No Date TINC SM157 Vail, CO 26-Mar-07 TISH
SM112 Fort Collins, CO No Date TINC SM158 Vail, CO 26-Mar-07 TISH
SM113 Fort Collins, CO No Date TINC SM159 Vail, CO 26-Mar-07 TISH
SM114 Fort Collins, CO No Date TINC SM160 Vail, CO 26-Mar-07 TISH
SM115 Fort Collins, CO No Date TINC SM161 Vail, CO 26-Mar-07 TISH
SM116 Fort Collins, CO No Date TPHA SM162 Vail, CO 26-Mar-07 TISH
SM117 Fort Collins, CO No Date TINC SM163 Vail, CO 26-Mar-07 TISH
SM118 Fort Collins, CO No Date TINC SM164 Vail, CO 26-Mar-07 TISH
SM119 Fort Collins, CO No Date TINC SM165 Vail, CO 26-Mar-07 TISH
SM120 Fort Collins, CO No Date TINC SM166 Vail, CO 26-Mar-07 TISH
SM121 Fort Collins, CO No Date TINC SM167 Vail, CO 26-Mar-07 TISH
SM122 Loveland, CO No Date TISH SM168 Vail, CO 26-Mar-07 TISH
SM123 Fort Collins, CO No Date TISH SM169 Vail, CO 26-Mar-07 TISH
SM124 Fort Collins, CO No Date TISH SM170 Vail, CO 26-Mar-07 TISH
SM125 Loveland, CO No Date TISH SM171 Vail, CO 26-Mar-07 TISH
SM126 Fort Collins, CO No Date TISH SM172 Vail, CO 26-Mar-07 TISH
SM127 Fort Collins, CO No Date TISH SM173 Vail, CO 26-Mar-07 TISH
SM128 Fort Collins, CO No Date TISH SM174 Vail, CO 26-Mar-07 TISH
SM129 Loveland, CO No Date TINC SM175 Vail, CO 26-Mar-07 TISH
SM130 Loveland, CO No Date TINC SM176 Vail, CO 26-Mar-07 TISH
SM131 Loveland, CO No Date TINC SM177 Loveland, CO No Date TISH
SM132 Loveland, CO No Date TINC SM178 Loveland, CO No Date TISH
SM133 Loveland, CO No Date TINC SM179 Loveland, CO No Date TISH
SM134 Loveland, CO No Date TINC SM180 Fort Collins, CO No Date TISH
SM135 Loveland, CO No Date TINC SM181 Vail, CO 26-Mar-07 TISH
SM136 Fort Collins, CO No Date TINC SM182 Vail, CO 26-Mar-07 TISH
SM137 Loveland, CO No Date TINC SM183 Vail, CO 26-Mar-07 TISH
SM138 Fort Collins, CO No Date TISH SM184 Vail, CO 26-Mar-07 TISH
SM139 Fort Collins, CO No Date TINC SM185 Vail, CO 26-Mar-07 TISH
SM140 Loveland, CO No Date TISH SM186 Vail, CO 26-Mar-07 TISH
SM141 Fort Collins, CO No Date TISH SM187 Vail, CO 26-Mar-07 TISH
SM142 Fort Collins, CO No Date TISH SM188 Vail, CO 26-Mar-07 TISH
SM143 Loveland, CO No Date TISH SM189 Vail, CO 26-Mar-07 TISH
SM144 Loveland, CO No Date TISH SM190 Vail, CO 26-Mar-07 TISH
SM145 Loveland, CO No Date TISH SM191 Vail, CO 26-Mar-07 TISH
SM146 Loveland, CO No Date TISH SM192 Vail, CO 26-Mar-07 TISH

% |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =
Myriosclerotinia borealis, and WCIR = Waitea circinata.
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Isolate No. Collected From Date Collected Id* Isolate No. Collected From Date Collected Id*

SM193 Vail, CO 26-Mar-07 TISH SM241 Vail, CO 26-Mar-07 TISH
SM194 Vail, CO 26-Mar-07 TISH SM242 Vail, CO 26-Mar-07 TISH
SM195 Vail, CO 26-Mar-07 TISH SM243 Vail, CO 26-Mar-07 TISH
SM196 Vail, CO 26-Mar-07 TISH SM244 Vail, CO 26-Mar-07 TISH
SM197 Vail, CO 26-Mar-07 TISH SM245 Vail, CO 26-Mar-07 TISH
SM198 Vail, CO 26-Mar-07 TISH SM246 Vail, CO 26-Mar-07 TISH
SM199 Vail, CO 26-Mar-07 TISH SM247 Vail, CO 26-Mar-07 TISH
SM200 Vail, CO 26-Mar-07 TISH SM248 Vail, CO 26-Mar-07 TISH
SM201 Vail, CO 26-Mar-07 TISH SM249 Vail, CO 26-Mar-07 TISH
SM202 Vail, CO 26-Mar-07 TISH SM250 Vail, CO 26-Mar-07 TISH
SM203 Vail, CO 26-Mar-07 TISH SM251 Vail, CO 26-Mar-07 TISH
SM204 Vail, CO 26-Mar-07 TISH SM252 Vail, CO 26-Mar-07 TISH
SM205 Vail, CO 26-Mar-07 TISH SM253 Vail, CO 26-Mar-07 TISH
SM206 Vail, CO 26-Mar-07 TISH SM254 Vail, CO 26-Mar-07 TISH
SM207 Vail, CO 26-Mar-07 TISH SM255 Vail, CO 26-Mar-07 TISH
SM208 Vail, CO 26-Mar-07 TISH SM256 Vail, CO 26-Mar-07 TISH
SM209 Vail, CO 26-Mar-07 TISH SM257 Vail, CO 26-Mar-07 TISH
SM210 Vail, CO 26-Mar-07 TISH SM258 Vail, CO 26-Mar-07 TISH
SM211 Vail, CO 26-Mar-07 TISH SM259 Vail, CO 26-Mar-07 TISH
SM212 Vail, CO 26-Mar-07 TISH SM260 Vail, CO 26-Mar-07 TISH
SM213 Vail, CO 26-Mar-07 TISH SM261 Vail, CO 26-Mar-07 TISH
SM214 Vail, CO 26-Mar-07 TISH SM262 Vail, CO 26-Mar-07 TISH
SM215 Vail, CO 26-Mar-07 TISH SM263 Vail, CO 26-Mar-07 TISH
SM216 Vail, CO 26-Mar-07 TISH SM264 Vail, CO 26-Mar-07 TISH
SM217 Vail, CO 26-Mar-07 TISH SM265 Vail, CO 26-Mar-07 TISH
SM218 Vail, CO 26-Mar-07 TISH SM266 Vail, CO 26-Mar-07 TISH
SM219 Vail, CO 26-Mar-07 TISH SM267 Vail, CO 26-Mar-07 TISH
SM220 Vail, CO 26-Mar-07 TISH SM268 Vail, CO 26-Mar-07 TISH
SM221 Vail, CO 26-Mar-07 TISH SM269 Vail, CO 26-Mar-07 TISH
SM222 Vail, CO 26-Mar-07 TISH SM270 Vail, CO 26-Mar-07 TISH
SM223 Vail, CO 26-Mar-07 TISH SM271 Vail, CO 26-Mar-07 TISH
SM224 Vail, CO 26-Mar-07 TISH SM272 Vail, CO 26-Mar-07 TISH
SM225 Vail, CO 26-Mar-07 TISH SM273 Vail, CO 26-Mar-07 TISH
SM226 Vail, CO 26-Mar-07 TISH SM274 Vail, CO 26-Mar-07 TISH
SM227 Vail, CO 26-Mar-07 TISH SM275 Vail, CO 26-Mar-07 TISH
SM228 Vail, CO 26-Mar-07 TISH SM276 Vail, CO 26-Mar-07 TISH
SM229 Vail, CO 26-Mar-07 TISH SM277 Vail, CO 26-Mar-07 TISH
SM230 Vail, CO 26-Mar-07 TISH SM278 Vail, CO 26-Mar-07 TISH
SM231 Vail, CO 26-Mar-07 TISH SM279 Vail, CO 26-Mar-07 TISH
SM232 Vail, CO 26-Mar-07 TISH SM280 Vail, CO 26-Mar-07 TISH
SM233 Vail, CO 26-Mar-07 TISH SM281 Vail, CO 26-Mar-07 TISH
SM234 Vail, CO 26-Mar-07 TISH SM282 Vail, CO 26-Mar-07 TISH
SM235 Vail, CO 26-Mar-07 TISH SM283 Vail, CO 26-Mar-07 TISH
SM236 Vail, CO 26-Mar-07 TISH SM284 Vail, CO 26-Mar-07 TISH
SM237 Vail, CO 26-Mar-07 TISH SM285 Vail, CO 26-Mar-07 TISH
SM238 Vail, CO 26-Mar-07 TISH SM286 Vail, CO 26-Mar-07 TISH
SM239 Vail, CO 26-Mar-07 TISH SM287 Vail, CO 26-Mar-07 TISH
SM240 Vail, CO 26-Mar-07 TISH SM288 Vail, CO 26-Mar-07 TISH

* |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =

Myriosclerotinia borealis, and WCIR = Waitea circinata.
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Isolate No. Collected From Date Collected ld* Isolate No. Collected From Date Collected Id*

SM289 Vail, CO 26-Mar-07 TISH SM336 Vail, CO 26-Mar-07 TISH
SM290 Vail, CO 26-Mar-07 TISH SM337 Vail, CO 26-Mar-07 TISH
SM291 Vail, CO 26-Mar-07 TISH SM338 Vail, CO 26-Mar-07 TISH
SM292 Vail, CO 26-Mar-07 TISH SM339 Vail, CO 26-Mar-07 TISH
SM293 Vail, CO 26-Mar-07 TISH SM340 Vail, CO 26-Mar-07 TISH
SM294 Vail, CO 26-Mar-07 TISH SM341 Vail, CO 26-Mar-07 TISH
SM295 Vail, CO 26-Mar-07 TISH SM342 Vail, CO 26-Mar-07 TISH
SM296 Vail, CO 26-Mar-07 TISH SM343 Vail, CO 26-Mar-07 TISH
SM297 Vail, CO 26-Mar-07 TISH SM344 Vail, CO 26-Mar-07 TISH
SM298 Vail, CO 26-Mar-07 TISH SM345 Vail, CO 26-Mar-07 TISH
SM299 Vail, CO 26-Mar-07 TISH SM346 Vail, CO 26-Mar-07 TISH
SM300 Vail, CO 26-Mar-07 TISH SM347 Vail, CO 26-Mar-07 TISH
SM301 Vail, CO 26-Mar-07 TISH SM348 Vail, CO 26-Mar-07 TISH
SM302 Vail, CO 26-Mar-07 TISH SM349 Vail, CO 26-Mar-07 TISH
SM303 Vail, CO 26-Mar-07 TISH SM350 Vail, CO 26-Mar-07 TISH
SM304 Vail, CO 26-Mar-07 TISH SM351 Vail, CO 26-Mar-07 MNIV
SM305 Vail, CO 26-Mar-07 TISH SM352 Vail, CO 26-Mar-07 TISH
SM306 Vail, CO 26-Mar-07 TISH SM353 Vail, CO 26-Mar-07 TISH
SM307 Vail, CO 26-Mar-07 TISH SM354 Vail, CO 26-Mar-07 TISH
SM308 Vail, CO 26-Mar-07 TISH SM355 Vail, CO 26-Mar-07 TISH
SM309 Vail, CO 26-Mar-07 TISH SM356 Vail, CO 26-Mar-07 TISH
SM310 Vail, CO 26-Mar-07 TISH SM357 Vail, CO 26-Mar-07 TISH
SM311 Vail, CO 26-Mar-07 TISH SM358 Vail, CO 26-Mar-07 TISH
SM312 Vail, CO 26-Mar-07 TISH SM359 Vail, CO 26-Mar-07 TISH
SM313 Vail, CO 26-Mar-07 TISH SM360 Vail, CO 26-Mar-07 TISH
SM314 Vail, CO 26-Mar-07 TISH SM361 Vail, CO 26-Mar-07 TISH
SM315 Vail, CO 26-Mar-07 TISH SM362 Vail, CO 26-Mar-07 TISH
SM316 Vail, CO 26-Mar-07 TISH SM363 Vail, CO 26-Mar-07 TISH
SM317 Vail, CO 26-Mar-07 TISH SM364 Vail, CO 26-Mar-07 TISH
SM318 Vail, CO 26-Mar-07 TISH SM365 Vail, CO 26-Mar-07 TISH
SM319 Vail, CO 26-Mar-07 TISH SM366 Vail, CO 26-Mar-07 TISH
SM320 Vail, CO 26-Mar-07 TISH SM367 Vail, CO 26-Mar-07 TISH
SM321 Vail, CO 26-Mar-07 TISH SM368 Vail, CO 26-Mar-07 TISH
SM322 Vail, CO 26-Mar-07 TISH SM369 Breckenridge, CO 1-May-07 TISH
SM323 Vail, CO 26-Mar-07 TISH SM370 Breckenridge, CO 1-May-07 TISH
SM324 Vail, CO 26-Mar-07 TISH SM371 Breckenridge, CO 1-May-07 TISH
SM325 Vail, CO 26-Mar-07 TISH SM372 Breckenridge, CO 1-May-07 TISH
SM326 Vail, CO 26-Mar-07 TISH SM373 Breckenridge, CO 1-May-07 TISH
SM327 Vail, CO 26-Mar-07 TISH SM374 Breckenridge, CO 1-May-07 TISH
SM328 Vail, CO 26-Mar-07 TISH SM375 Breckenridge, CO 1-May-07 TISH
SM329 Vail, CO 26-Mar-07 TISH SM376 Breckenridge, CO 1-May-07 TISH
SM330 Vail, CO 26-Mar-07 TISH SM377 Breckenridge, CO 1-May-07 TISH
SM331 Vail, CO 26-Mar-07 TISH SM378 Breckenridge, CO 1-May-07 TISH
SM332 Vail, CO 26-Mar-07 TISH SM379 Breckenridge, CO 1-May-07 TISH
SM333 Vail, CO 26-Mar-07 TISH SM380 Breckenridge, CO 1-May-07 TISH
SM334 Vail, CO 26-Mar-07 TISH SM381 Breckenridge, CO 1-May-07 TISH
SM335 Vail, CO 26-Mar-07 TISH SM382 Breckenridge, CO 1-May-07 TISH

% |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =

Myriosclerotinia borealis, and WCIR = Waitea circinata.
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Isolate No. Collected From Date Collected ld* Isolate No. Collected From Date Collected Id*

SM383 Breckenridge, CO 1-May-07 TISH SM430 Breckenridge, CO 1-May-07 TISH
SM384 Breckenridge, CO 1-May-07 TISH SM430 Breckenridge, CO 1-May-07 TISH
SM385 Breckenridge, CO 1-May-07 TISH SM431 Breckenridge, CO 1-May-07 TISH
SM386 Breckenridge, CO 1-May-07 TISH SM432 Breckenridge, CO 1-May-07 TISH
SM387 Breckenridge, CO 1-May-07 TISH SM433 Breckenridge, CO 1-May-07 TISH
SM388 Breckenridge, CO 1-May-07 TISH SM434 Breckenridge, CO 1-May-07 TISH
SM389 Breckenridge, CO 1-May-07 TISH SM435 Breckenridge, CO 1-May-07 TISH
SM390 Breckenridge, CO 1-May-07 TISH SM436 Breckenridge, CO 1-May-07 TISH
SM391 Breckenridge, CO 1-May-07 TISH SM437 Breckenridge, CO 1-May-07 TISH
SM392 Breckenridge, CO 1-May-07 TISH SM438 Breckenridge, CO 1-May-07 TISH
SM393 Breckenridge, CO 1-May-07 TISH SM439 Breckenridge, CO 1-May-07 TISH
SM394 Breckenridge, CO 1-May-07 TISH SM440 Breckenridge, CO 1-May-07 TISH
SM395 Breckenridge, CO 1-May-07 TISH SM441 Breckenridge, CO 1-May-07 TISH
SM396 Breckenridge, CO 1-May-07 TISH SM442 Breckenridge, CO 1-May-07 TISH
SM397 Breckenridge, CO 1-May-07 TISH SM443 Breckenridge, CO 1-May-07 TISH
SM398 Breckenridge, CO 1-May-07 TISH SM444 Breckenridge, CO 1-May-07 TISH
SM399 Breckenridge, CO 1-May-07 TISH SM445 Breckenridge, CO 1-May-07 TISH
SM400 Breckenridge, CO 1-May-07 TISH SM446 Breckenridge, CO 1-May-07 TISH
SM401 Breckenridge, CO 1-May-07 TISH SM447 Breckenridge, CO 1-May-07 TISH
SM402 Breckenridge, CO 1-May-07 TISH SM448 Breckenridge, CO 1-May-07 TISH
SM403 Breckenridge, CO 1-May-07 TISH SM449 Breckenridge, CO 1-May-07 TISH
SM404 Breckenridge, CO 1-May-07 TISH SM450 Breckenridge, CO 1-May-07 TISH
SM405 Breckenridge, CO 1-May-07 TISH SM451 Breckenridge, CO 1-May-07 TISH
SM406 Breckenridge, CO 1-May-07 TISH SM452 Breckenridge, CO 1-May-07 TISH
SM407 Breckenridge, CO 1-May-07 TISH SM453 Breckenridge, CO 1-May-07 TISH
SM408 Breckenridge, CO 1-May-07 TISH SM454 Breckenridge, CO 1-May-07 TISH
SM409 Breckenridge, CO 1-May-07 TISH SM455 Breckenridge, CO 1-May-07 TISH
SM410 Breckenridge, CO 1-May-07 TISH SM456 Breckenridge, CO 1-May-07 TISH
SM411 Breckenridge, CO 1-May-07 TISH SM457 Breckenridge, CO 1-May-07 TISH
SM412 Breckenridge, CO 1-May-07 TISH SM458 Breckenridge, CO 1-May-07 TISH
SM413 Breckenridge, CO 1-May-07 TISH SM459 Breckenridge, CO 1-May-07 TISH
SM414 Breckenridge, CO 1-May-07 TISH SM460 Breckenridge, CO 1-May-07 TISH
SM415 Breckenridge, CO 1-May-07 TISH SM461 Breckenridge, CO 1-May-07 TISH
SM416 Breckenridge, CO 1-May-07 TISH SM462 Breckenridge, CO 1-May-07 TISH
SM417 Breckenridge, CO 1-May-07 TISH SM463 Breckenridge, CO 1-May-07 TISH
SM418 Breckenridge, CO 1-May-07 TISH SM464 Breckenridge, CO 1-May-07 TISH
SM419 Breckenridge, CO 1-May-07 TISH SM465 Breckenridge, CO 1-May-07 TISH
SM420 Breckenridge, CO 1-May-07 TISH SM466 Breckenridge, CO 1-May-07 TISH
SM421 Breckenridge, CO 1-May-07 TISH SM467 Breckenridge, CO 1-May-07 TISH
SM422 Breckenridge, CO 1-May-07 TISH SM468 Breckenridge, CO 1-May-07 TISH
SM423 Breckenridge, CO 1-May-07 TISH SM469 Breckenridge, CO 1-May-07 TISH
SM424 Breckenridge, CO 1-May-07 TISH SM470 Breckenridge, CO 1-May-07 TISH
SM425 Breckenridge, CO 1-May-07 TISH SM471 Breckenridge, CO 1-May-07 TISH
SM426 Breckenridge, CO 1-May-07 TISH SM472 Breckenridge, CO 1-May-07 TISH
SM427 Breckenridge, CO 1-May-07 TISH SM473 Breckenridge, CO 1-May-07 TISH
SM428 Breckenridge, CO 1-May-07 TISH SM474 Breckenridge, CO 1-May-07 TISH
SM429 Breckenridge, CO 1-May-07 TISH SM475 Breckenridge, CO 1-May-07 TISH

% |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =

Myriosclerotinia borealis, and WCIR = Waitea circinata.
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SM476 Breckenridge, CO 1-May-07 TISH SM523 Breckenridge, CO 1-May-07 TISH
SM477 Breckenridge, CO 1-May-07 TISH SM524 Breckenridge, CO 1-May-07 TISH
SM478 Breckenridge, CO 1-May-07 TISH SM525 Breckenridge, CO 1-May-07 TISH
SM479 Breckenridge, CO 1-May-07 TISH SM526 Breckenridge, CO 1-May-07 TISH
SM480 Breckenridge, CO 1-May-07 TISH SM527 Breckenridge, CO 1-May-07 TISH
SM481 Breckenridge, CO 1-May-07 TISH SM528 Breckenridge, CO 1-May-07 TISH
SM482 Breckenridge, CO 1-May-07 TISH SM529 Breckenridge, CO 1-May-07 TISH
SM483 Breckenridge, CO 1-May-07 TISH SM530 Breckenridge, CO 1-May-07 TISH
SM484 Breckenridge, CO 1-May-07 TISH SM531 Breckenridge, CO 1-May-07 TISH
SM485 Breckenridge, CO 1-May-07 TISH SM532 Breckenridge, CO 1-May-07 TISH
SM486 Breckenridge, CO 1-May-07 TISH SM533 Vail, CO 26-Mar-07 TISH
SM487 Breckenridge, CO 1-May-07 TISH SM534 Breckenridge, CO 1-May-07 TISH
SM488 Breckenridge, CO 1-May-07 TISH SM535 Breckenridge, CO 1-May-07 TISH
SM489 Breckenridge, CO 1-May-07 TISH SM536 Vail, CO 26-Mar-07 TISH
SM490 Breckenridge, CO 1-May-07 TISH SM537 Breckenridge, CO 1-May-07 TISH
SM491 Breckenridge, CO 1-May-07 TISH SM538 Breckenridge, CO 1-May-07 TISH
SM492 Breckenridge, CO 1-May-07 TISH SM539 Breckenridge, CO 1-May-07 TISH
SM493 Breckenridge, CO 1-May-07 TISH SM540 Breckenridge, CO 1-May-07 TISH
SM494 Breckenridge, CO 1-May-07 TISH SM541 Breckenridge, CO 1-May-07 TISH
SM495 Breckenridge, CO 1-May-07 TISH SM542 Breckenridge, CO 1-May-07 TISH
SM496 Breckenridge, CO 1-May-07 TISH SM543 Breckenridge, CO 1-May-07 TISH
SM497 Breckenridge, CO 1-May-07 TISH SM544 Breckenridge, CO 1-May-07 TISH
SM498 Breckenridge, CO 1-May-07 TISH SM545 Breckenridge, CO 1-May-07 TISH
SM499 Breckenridge, CO 1-May-07 TISH SM546 Breckenridge, CO 1-May-07 TISH
SM500 Breckenridge, CO 1-May-07 TISH SM547 Breckenridge, CO 1-May-07 TISH
SM501 Breckenridge, CO 1-May-07 TISH SM548 Breckenridge, CO 1-May-07 TISH
SM502 Breckenridge, CO 1-May-07 TISH SM549 Breckenridge, CO 1-May-07 TISH
SM503 Breckenridge, CO 1-May-07 TISH SM550 Breckenridge, CO 1-May-07 TISH
SM504 Breckenridge, CO 1-May-07 TISH SM551 Breckenridge, CO 1-May-07 TISH
SM505 Breckenridge, CO 1-May-07 TISH SM552 Breckenridge, CO 1-May-07 TISH
SM506 Breckenridge, CO 1-May-07 TISH SM553 Breckenridge, CO 1-May-07 TISH
SM507 Vail, CO 26-Mar-07 TISH SM554 Breckenridge, CO 1-May-07 TISH
SM508 Vail, CO 26-Mar-07 TISH SM555 Breckenridge, CO 1-May-07 TISH
SM509 Vail, CO 26-Mar-07 TISH SM556 Breckenridge, CO 1-May-07 TISH
SM510 Vail, CO 26-Mar-07 TISH SM557 Breckenridge, CO 1-May-07 TISH
SM511 Vail, CO 26-Mar-07 TISH SM558 Breckenridge, CO 1-May-07 TISH
SM512 Vail, CO 26-Mar-07 TISH SM559 Breckenridge, CO 1-May-07 TISH
SM513 Breckenridge, CO 1-May-07 TISH SM560 Breckenridge, CO 26-Mar-07 TISH
SM514 Breckenridge, CO 1-May-07 TISH SM561 Breckenridge, CO 1-May-07 TISH
SM515 Breckenridge, CO 1-May-07 TISH SM562 Vail, CO 26-Mar-07 TISH
SM516 Breckenridge, CO 1-May-07 TISH SM563 Breckenridge, CO 1-May-07 TISH
SM517 Breckenridge, CO 1-May-07 TISH SM564 Breckenridge, CO 1-May-07 TISH
SM518 Breckenridge, CO 1-May-07 TISH SM565 Breckenridge, CO 1-May-07 TISH
SM519 Breckenridge, CO 1-May-07 TISH SM566 Breckenridge, CO 1-May-07 TISH
SM520 Breckenridge, CO 1-May-07 TISH SM567 Breckenridge, CO 1-May-07 TISH
SM521 Breckenridge, CO 1-May-07 TISH SM568 Breckenridge, CO 1-May-07 TISH
SM522 Breckenridge, CO 1-May-07 TISH SM569 Breckenridge, CO 1-May-07 TISH

% |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =

Myriosclerotinia borealis, and WCIR = Waitea circinata.
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SM570 Breckenridge, CO 1-May-07 TISH SM617 Canada Acquired 2007  TISH
SM571 Breckenridge, CO 1-May-07 TISH SM618 Canada Acquired 2007 TINC
SM572 Breckenridge, CO 1-May-07 TISH SM619 Canada Acquired 2007 TINC
SM573 Breckenridge, CO 1-May-07 TISH SM620 Canada Acquired 2007  TISH
SM574 Breckenridge, CO 1-May-07 TISH SM621 Canada Acquired 2007  TISH
SM575 Breckenridge, CO 1-May-07 TISH SM622 Canada Acquired 2007  TISH
SM576 Breckenridge, CO 1-May-07 TISH SM623 Canada Acquired 2007  TISH
SM577 Breckenridge, CO 1-May-07 TISH SM624 Breckenridge, CO 1-May-07 TISH
SM578 Breckenridge, CO 1-May-07 TISH SM625 Breckenridge, CO 1-May-07 TISH
SM579 Breckenridge, CO 1-May-07 TISH SM626 Breckenridge, CO 1-May-07 TISH
SM580 Breckenridge, CO 1-May-07 TISH SM627 Vail, CO 26-Mar-07 TISH
SM581 Vail, CO 26-Mar-07 TINC SM628 Edwards, CO 12-14 May 2007 TINC
SM582 Vail, CO 26-Mar-07 TISH SM629 Wolcott, CO 12-14 May 2007 MBOR
SM583 Vail, CO 26-Mar-07 TINC SM630 Edwards, CO 12-14 May 2007 TPHA
SM584 Vail, CO 26-Mar-07 TINC SM631 Telluride, CO 12-14 May 2007 TISH
SM585 Vail, CO 26-Mar-07 TINC SM632 Basalt, CO 12-14 May 2007 TISH
SM587 Vail, CO 26-Mar-07 TINC SM633 Telluride, CO 12-14 May 2007 TINC
SM588 Vail, CO 26-Mar-07 TINC SM634 Wolcott, CO 12-14 May 2007 TINC
SM589 Vail, CO 26-Mar-07 TINC SM635 Wolcott, CO 12-14 May 2007 TINC
SM590 Vail, CO 26-Mar-07 TINC SM636 Wolcott, CO 12-14 May 2007 TINC
SM591 Vail, CO 26-Mar-07 TINC SM637 Telluride, CO 12-14 May 2007 TINC
SM592 Vail, CO 26-Mar-07 TINC SM638 Telluride, CO 12-14 May 2007 TINC
SM593 Michigan Acquired 2007  TISH SM639 Edwards, CO 12-14 May 2007 TINC
SM594 Wisconsin Acquired 2007  TISH SM640 Granby, CO 12-14 May 2007 TINC
SM595 Michigan Acquired 2007  TISH SM641 Vail, CO 12-14 May 2007 TISH
SM596 Michigan Acquired 2007  TISH SM642 Vail, CO 12-14 May 2007 TISH
SM597 Wisconsin Acquired 2007  TISH SM643 Vail, CO 12-14 May 2007 TISH
SM598 Wisconsin Acquired 2007  TISH SM644 Vail, CO 12-14 May 2007 TISH
SM599 Wisconsin Acquired 2007  TISH SM645 Granby, CO 12-14 May 2007 WCIR
SM600 Michigan Acquired 2007 TINC SM646 Telluride, CO 12-14 May 2007 TISH
SM601 Minnesota Acquired 2007 TINC SM647 Basalt, CO 12-14 May 2007 TISH
SM602 Wisconsin Acquired 2007 TINC SM648 Edwards, CO 12-14 May 2007 TISH
SM603 Michigan Acquired 2007 TINC SM649 Vail, CO 12-14 May 2007 TISH
SM604 Michigan Acquired 2007  TISH SM650 Vail, CO 12-14 May 2007 TISH
SM605 Michigan Acquired 2007  TISH SM651 Vail, CO 12-14 May 2007 TISH
SM606 Michigan Acquired 2007  TISH SM652 Vail, CO 12-14 May 2007 TISH
SM607 Idaho Acquired 2007 TINC SM653 Vail, CO 12-14 May 2007 TISH
SM608 Idaho Acquired 2007  TINC SM654 Vail, CO 12-14 May 2007 TISH
SM609 Idaho Acquired 2007 TINC SM655 Vail, CO 12-14 May 2007 TISH
SM610 Idaho Acquired 2007 TINC SM656 Vail, CO 12-14 May 2007 TISH
SM611 Idaho Acquired 2007  TISH SM657 Vail, CO 12-14 May 2007 TISH
SM612 Idaho Acquired 2007  TISH SM658 Edwards, CO 12-14 May 2007 TPHA
SM613 Idaho Acquired 2007  TISH SM659 Edwards, CO 12-14 May 2007 TISH
SM614 Idaho Acquired 2007  TISH SM660 Edwards, CO 12-14 May 2007 TISH
SM615 Canada Acquired 2007 TISH SM661 Basalt, CO 12-14 May 2007 TISH
SM616 Canada Acquired 2007 TISH SM662 Telluride, CO 12-14 May 2007 TISH

% |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula
incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =
Myriosclerotinia borealis, and WCIR = Waitea circinata.
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SM663 Edwards, CO 12-14 May 2007 TISH
SM664 Keystone, CO 12-14 May 2007 TISH
SM665 Wolcott, CO 12-14 May 2007 TISH
SM667 Granby, CO 12-14 May 2007 TISH
SM668 Granby, CO 12-14 May 2007 TISH
SM669 Edwards, CO 12-14 May 2007 TPHA
SM670 Edwards, CO 12-14 May 2007 TISH
SM671 Granby, CO 12-14 May 2007 TISH
SM672 Edwards, CO 12-14 May 2007 TISH
SM673 Vail, CO 12-14 May 2007 TISH
SM674 Granby, CO 12-14 May 2007 TISH
SM675 Granby, CO 12-14 May 2007 TISH
SM676 Keystone, CO 12-14 May 2007 TISH
SM677 Vail, CO 12-14 May 2007 TISH
SM678 Vail, CO 12-14 May 2007 TISH
SM679 Vail, CO 12-14 May 2007 TISH
SM680 Vail, CO 12-14 May 2007 TISH
SM681 Telluride, CO 12-14 May 2007 TISH
SM682 Keystone, CO 12-14 May 2007 TISH
SM683 Keystone, CO 12-14 May 2007 TISH

* |dentification of Typhula isolates; TISH = Typhula ishikariensis, TINC = Typhula

incarnata, TPHAC = Typhula phacorrhiza, MNIV = Microdochium nivale, MBOR =

Myriosclerotinia borealis, and WCIR = Waitea circinata.
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APPENDIX 2

FUNGICIDE TRIAL RESULTS FOR BRECKENRIDGE, CO 2004-05 AND 2005-06

FUNGICIDE TRIAL RESULTS FOR VAIL, CO 2004-05, 2005-06, 2006-07, 2007-08,
2008-09, 2009-10, 2010-11
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KENTUCKY BLUEGRASS (Poa pratensis cv. unknown) T.D. Blunt, N.A. Tisserat and S. Fichtner

ANNUAL BLUEGRASS (Poa annua cv. unknown) Bioagricultural Sciences and Pest Management
Pink Snow Mold (Michrodium nivale) Colorado State University
Gray Snow Mold (Typhula spp.) Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Kentucky Bluegrass and Annual
Bluegrass, 2004-2005.

Experiments for control of pink and gray snow mold were performed on a Kentucky
Bluegrass/Annual Bluegrass fairway at Breckenridge Golf Club, Fairway 4 Beaver, Breckenridge, CO
(average elevation 9600 ft.). Treatments were arranged in a randomized complete block design with
four replications. Individual plots measured 5 ft. X 5 ft. First applications of three treatments of
fungicides were applied 1 Oct 04. A second application of the three treatments and the remainder of
the treatments were applied 18 Oct 04. All fungicides were applied in the equivalent of 5 gal.
water/1000 sq. ft. A CO’-powered sprayer equipped with 8003 Tee-jet nozzles delivered the treatments
at 30 psi. Fungicide effectiveness was evaluated after snowmelt on 04 May 05.

Evaluations of the plots were later than the Vail plots due to the fact the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated differently this year
than in previous years. Our rating system was change to a percent of disease incidence per treatment
that more accurately represents the actual disease present in each treatment/plot. The plots at
Breckenridge, CO showed results consistent with disease pressure but not as severe of disease pressure
as Vail. The Breckenridge course is mainly Kentucky Bluegrass which differs from Vail (mainly Poa
annua) Results were calculated using SAS system proc glm calculating the means of the four replications
and using Fisher’s Protected Least Significant Difference (a=0.05).

Table 1. Snow mold fungicide trials at Breckenridge Golf Club, Breckenridge, CO

Treatment and Rate/1000 sq. ft. Disease Rating
CL-EXP-2 4.0 0 + DAcoNil WS 6FL 5.5 fl OZ ..cuvviiiiiiiciie ettt et e svee e sve e 1.38k
CL-EXP-4 1.0 0Z + SPECLrO GOWDG 5.76 OZ c..eevieieiiieeeeeteee e eettee e eette e eette e e etee e e eeraea e eearaea e enreeas 1.88jk
Syngenta Eperimental A14036 43.3SE 9.3 fl OZ ...cuuviiiieeee et 2.00jk
Spectro 90WDG 4.0 oz FB Spectro 90WDG 4.0 0z + CL-EXP-4 1.0 0z ...ccceeeeveveeeeeiieeeeeeeeeeeeeeeee, 2.50i-k
Medallion 50WDG 0.142 oz + Daconil WS 6FL 4.80 fl oz + BannerMAXX 1.3MEC 1.71 fl oz........ 3.38i-k
Syngenta Experimental A14036 43.3SE 18.6 fl OZ......ccooeuiiiieciiee ettt 4.50h-k
CL-EXP-2 4.0 oz + Daconil WS 6FL 5.5 fl 0z + Magnum 3.5 fl 0Z........ccccoevieiieciiiiicee e, 4.50h-k
Chipco 26GT 4.0 fl oz + Signature 80WDG 8.0 oz + Daconil Ultrex 82.5WDG 3.2 oz.........ccc......... 5.25g-k
Endorse 2.5WP 4.0 0z + SPectro G0OWDG 5.76 OZ....ccccuvreeeeiiiieeeiiiieeeiiieeessireesesiveeessnsseeesssneeeens 5.63f-k
Syngenta Experimental A14212C 1.67EC 5.24 fl OZ ..ucvivcuieiiiciee ettt 6.63f-k
BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 0Z.....cccccuvieeriiieieriiieee e ccireeescineee s 6.75f-k
Syngenta Experimental A14036 43.3SE 4.7 fl 0Z......uueiiiciiieiecee et 7.38f-k
Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 3.2 oz + Turfcide 400 8.0 fl 0z ......cccccuvveeennnenn. 7.50e-k
Daconil WS 6FL 5.5 fl 0z + Medallion 50WDG 0.5 0Z......cceccuiiieeiiiiieesiiieeeeiireeeecieeeessvreeesssneeeens 7.50e-k

BannerMAXX 1.3MEC 4.0 fl oz FB BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 oz.... 8.63e-k
Chipco 26GT 4.0 fl oz + Compass 50WDG 0.25 oz + Signature 80WDG 8.0 oz +

TUIFCIAE 400 8.0 fl OZ..uieiiiiiiiee ettt sabe e st s bt e e sabe e sbbeesateesabaeesabaens 10.13e-k
Syngenta Experimental A14212C 1.67EC 3.0 fl OZ ....ueeeeiiiiieiee ettt e 10.63e-k
AND 4322G 10.0 1Dt e e e e e e e e e e e e e e e e e e e e e e e nbrrareaaeeeaannrraaeaaaeeaans 11.25e-k
Chipco 26GT 4.0 fl oz + Signature 80WDG 8.0 oz + Turfcide 400 8.0 fl 0zZ......ceeveeerveeeecrireennen. 12.63e-k
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AND 3118G 6.0 Ib + AND 3237G 12.0 Ib + AND 3238G 7.2 IDcueeieiiieieeieeeeeeee e 12.75e-k

Spectro 90WDG 4.0 oz FB Spectro 90WDG 4.0 0z + Endorse 2.5WP 4.0 0Z......ccccccvvveeeeeeeeeecnnnns 15.25d-j
F N\ I ST | o SRR 16.25d-i
AND 4309G 6.0 Ib + AND 3237G 12.0Ib + AND 3238G 7.2 1D ...eeeeeiiiiiiee et 17.50d-h
AND 4323 G 6.6 1Dt e e — e e e e e e e ettt aa e e e e e e eeaanrraaaeaaeeaanns 18.63c-g
Heritage 50WDG 0.4 0z + Medallion 50WDG 0.5 0Z .....ccceeeiiiieeiiiieeeciieeeecieee e e esvveeessnaee e 19.38c-f
F N T i T B0 I |« ST 19.38c-f
Chipco 26GT 4 fl oz + Compass 50WDG 0.25 oz + Turfcide 400 8.0 fl 0zZ.......ccceeeevreecreeecrirecrenne 19.38c-f
T LI I Y 4 AT A N o N 21.25b-e
N 3 0L F 0 |« PP 27.50b-d
F N R T T N B0 I |« TP 28.75b-d
F N D A T RN o S [« TSP 31.88bc
T ed LI B S 4 AT I e N 33.88b
UNTreated CONTIOl . i i isieeiee ittt ettt e s e eeee e st e et e esteeeseeeseeeesteeesieeesnneeas 61.88a
LSD (O0=0.05) 1.uteiueeieeeiresieestsestesseesseseesstesseessessneeesseseesseeaseessseansseseenseenseesreeanssenseenseereesneeanneans 13.78
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ANNUAL BLUEGRASS (Poa annua cv. unknown) T.D. Blunt, N. A. Tisserat and S. Fichtner
Pink Snow Mold (Michrodium nivale) Bioagricultural Sciences and Pest Management
Gray Snow Mold (Typhula spp.) Colorado State University
Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2004-2005.

Experiments for control of pink and gray snow mold were performed on an Annual Bluegrass
fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.). Treatments were arranged in
a randomized complete block design with four replications. Individual plots measured 5 ft. X 5 ft. First
applications of three treatments of fungicides were applied 1 Oct 04. A second application of the three
treatments and the remainder of the treatments were applied 15 Oct 04. All fungicides were applied in
the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003 Tee-jet nozzles
delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after snowmelt on 22 Apr 05.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated differently this year
than in previous years. Our rating system was change to a percent of disease incidence per treatment
that more accurately represents the actual disease present in each treatment/plot. The plots at Vail, CO
showed results consistent with increased disease pressure as evidenced by the untreated control
results. Results were calculated using SAS system proc glm calculating the means of the four
replications and using Fisher’s Protected Least Significant Difference (a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. Disease Rating
Chipco 26GT 4 fl oz + Daconil Ultrex 82.5WDG 3.2 oz + Turfcide 400 8 fl 0Z .....cccvvevvevvcieeriennne 2.380
Spectro 90WDG 4.0 oz FB Spectro 90WDG 4.0 0z + CL-EXP-4 1.0 0z ...cccoeeeeeveveeeiieeeeeeeeeeeeeeeee, 3.880
Spectro 90WDG 4.0 oz FB Spectro 90WDG 4.0 0z + Endorse 2.5WP 4.0 0Z.......ccccvvveveeeeeeeccnnnns 5.75n0
Spectro 90WDG 5.76 0Z 4+ CL-EXP-4 1.0 0Z ..ccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 6.13no
Daconil WS 6FL 5.5 fl 0z + CL-EXP-2 4.0 0z + Magnum 3.5 fl 0zZ.......ccccouiiiiiiiiieiieeeeeee e, 6.88m-o
Daconil WS 6FL 5.5 fl 0Z + CL-EXP-2 4.0 0Z ...ccccveeeieieeeiee ettt esee s steeesite s teessvaeesnee e svee e snnee s 9.00l-0
Chipco 26GT 4.0 fl oz + Compass 50WDG 0.25 oz + Signature 80WDG 8.0 oz +

TUIFCIAE 400 8.0 fl OZ..uvieiiieeciee ettt e s e et e e st e e st e e e bee e e beeesseeesnteeenreeesnseesn 10.00l-o0
Spectro 90WDG 5.76 0z + ENAOrse 2.5WP 4.0 0Z......uuveeeeeiiiiiceiiieeee e e eccieeee e e s e e ecveaeeee e e e e s ennenes 10.00l-o0
Daconil WS 6FL 5.5 fl 0z + Medallion 50WDG 0.5 0Z.....cccceveviiiiiiierieecee et esve e svee e 11.25k-0
Chipco 26GT 4.0 fl oz + Compass 50WDG 0.25 oz + Turfcide 400 8.0 fl 0z.....ccceeevevveeevciieeennneen. 13.75k-0
Syngenta Experimental A14036 43.3SE 18.7 fl 0Z...ccccuiviirieriieinieenieesie st 18.13k-0
Syngenta Experimental A14036 43.3SE 9.3 fl 0Z......uueiiiiiiii ittt 19.38j-0
Chipco 26GT 4.0 fl oz + Signature 80WDG 8.0 oz + Daconil Ultrex 82.5WDG 3.2 0z........ccceuveunnee 20.63h-o
Medallion 50WDG 0.142 oz + Daconil WS 6FL 4.8 fl oz + BannerMAXX 1.3MEC 1.71 fl oz.......... 22.50h-m
BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 0Z.....cccccuveeeiiiveieiiiieeeeciieeeccireeeecvneee s 25.00g-m
Chipco 26GT 4.0 fl oz + Signature 80WDG 8.0 oz + Turfcide 400 8.0 fl 0z......cceveveeevveeeecrieeeen, 25.63f-|
Syngenta Experimental A14036 43.3SE 4.7 fl 0Z......uveiiiciieeicee ettt 25.63f-|
AND 3223 G 6.6 1Dttt st st te e s ba e e sabe e sbe e sbaeesabaeeane 25.63f-|
BannerMAXX 1.3MEC 4.0 fl oz FB BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WDG 0.5 oz.... 28.375f-k
F NN B I SRS 29.38f-k
F N N by X T [ SR 32.50g-j
Heritage 50WDG 0.4 0z + Medallion 50WDG 0.5 0Z .....uuviiiieeeiiiiiiiiieee et e e eeecirreee e e e 32.50g-j
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AND 4323 G 6.6 1Dttt et e b e e sab e sbe e e beeesbeeeane 36.88e-i

Syngenta Experimental A14212C 167EC 5.24 fl OZ .uuvviveuieiiiiiiii ettt 38.13e-h
AND 4309F 6.0 Ib + AND 3237G 12.0lb + AND 3238G 7.21D c.eeevririiieee ettt 43.13e-g
AND 3118G 6.0 Ib + AND 3237G 12.0Ib + AND 3238G 7.2 1D ...eeeeeiiiieiee ettt 43.75ef
Syngenta Experimental A14212C 167EC 3.0 fl OZ ...uvveviveiiieieeiiee ettt 51.88de
AND 4334G 9.0 1D uiiiiiiiiieiiee ettt ettt ettt sttt e e s e e s bt e e s teeebae e s beesteeebaeesbeeent 62.50cd
AND 4310G 8.0 D uriiiuiiiiiiieiiee ettt ettt s e st e e s te e s bt e e s be e s bt e e sateesbaeesabeesbeeebaeesbeeent 65.63cd
AND 4333G 9.0 D ittt ettt st sttt e e st e et e e s te e s ba e e sabeesteeebaeesbeeente 70.63bc
EQZIE 1.67EW 2.4 Tl OZ.uueeeiieieee ettt ettt e et e e e ettt e e e st e e e e ata e e e e ataeeeennaaeeesnsaeeeann 86.25ab
T ed LI B Sl AT R ¢ N 89.38a
UNLreated CONEIOl.. i i isiiiiee ittt ettt se e et e st e st este e st e e e esieeesieeesinees 93.75a
LSD (0=0.05) 1uutetieiieiiei it e ee ettt e st s e sttt est e e sttt e e s e e sttt e st ettt e ea e e et e ettt esiteeenieeesaneeas 18.37
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KENTUCKY BLUEGRASS (Poa pratensis cv. unknown) T.D. Blunt, N.A. Tisserat

ANNUAL BLUEGRASS (Poa annua cv. unknown) Bioagricultural Sciences and Pest Management
Pink Snow Mold (Michrodium nivale) Colorado State University
Gray Snow Mold (Typhula spp.) Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Kentucky Bluegrass, 2005-2006.

Experiments for control of pink and gray snow mold were performed on a Kentucky Bluegrass
fairway at Breckenridge Golf Club, Fairway 4 Beaver, Breckenridge, CO (average elevation 9300 ft.).
Treatments were arranged in a randomized complete block design with four replications. Individual
plots measured 5 ft. X 5 ft. First applications of three treatments of fungicides were applied 9 Sept 05.
A second application of the three treatments and the remainder of the treatments were applied 24 Oct
05. All fungicides were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer
equipped with 8003 Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was
evaluated after snowmelt on 03 May 06.

Evaluations of the plots were about average for Breckenridge even though the amount of snow
cover received in the central Rocky Mountains was substantial. The plots were evaluated this year
based on a percent of disease incidence per treatment that more accurately represents the actual
disease present in each treatment/plot. The plots at Breckenridge, CO showed results consistent with
increased disease pressure as evidenced by the untreated control results, although Breckenridge had
less overall disease incidence than Vail. There was also significant vole damage on the trial plots.
Results were calculated using SAS system proc gIm calculating the means of the four replications and
using Fisher’s Protected Least Significant Difference (a=0.05).

Table 1. Snow mold fungicide trials at Breckenridge Golf Club, Breckenridge, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
INSTrata 3.61SE 11.0 fl OZ..uiiicieieiii ettt et e e et e e ae e e st e e ebeeeenaee s 0.00k
Headway 167EC 5.25 fl oz + Daconil WeatherStik 6F 5.5 fl 0zZ.........ccocoviieiiiiieieciieeccieeeecieee, 0.00k
Insignia 20WP 0.7 oz + Rever 4F 8.0 fl oz + Manicure Ultrex 82.5WDG 3.2 0z.......ccceecuveeeeevvennnn. 0.00k
Medallion 50WP 0.14 oz + Daconil WeatherStik 6F 2.36 fl oz + Banner MAXX 1.3ME 1.7 fl oz... 0.25k
Insignia 20WP 0.7 oz + Iprodione Pro 2SE 4.0 fl oz + Manicure Ultrex 82.5WDG 3.2 oz.............. 0.25k
Cleary 26/36 4.0 fl oz + Endorse 2.5WP 4.0 oz + Daconil Ultrex 82.5WDG 5.5 0z.........cccvveeurennne 0.25k
Endorse 2.5WP 4.0 0z + SpPectro G0WDG 5.75 0Z..cccccccuviiiieeee ettt e e e e e e e ecvranee e e e 0.50jk
Cleary 26/36 4.0 fl 0z + CL-EXP-4 1.0 0z + Daconil Ultrex 82.5WDG 5.5 0Z........ccceeevvveecrvrercrenens 0.50jk
BannerMAXX 1.3ME 2.0 fl oz + Daconil WeatherStik 6F 5.5 fl 0z.......ccvvvvviieiiiiiiiecieec e, 0.75jk
Insignia 20WDG 0.9 oz + Iprodione Pro 2SE 4.0 fl oz + Manicure Ultrex 82.5WDG 3.2 oz........... 0.75jk
18 Plus 23.3F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 0z + Revere 4F 12.0 fl 0z.....cccceervuvrennnenn. 0.75jk
Instrata 3.61SE 5.5 fl 0z FB Instrata 3.61SE 5.5 fl 0Z......ccviviiiiiiiiiiie e 1.00jk
Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 3.2 oz + Turfcide 400 8.0 fl 0z ......cccecuvveeennneen. 1.25jk
Insignia 20WDG 0.7 oz FB 18 Plus 23.3F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 oz................... 1.25jk
Spectator Ultra 1.3ME 4.0 fl oz + Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 0z ... 1.25jk
CL-EXP-4 1.0 02 + SPectro GOWDG 5.75 0Z .ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e 1.25jk
Insignia 20WDG 0.9 0z + Manicure Ultrex 82.5WDG 3.2 0Z.....ccccuveeeeirreeesiiieeeeiireeessereeesssneeeens 1.50jk
Cleary 26/36 4.0 fl 0z + Daconil Ultrex 82.5WDG 5.5 0Z.......ccceevreereeneeiieeereecreesreesteeseeeeveeveennees 1.50jk
Rubigan AS 8.0 fl 0z + Daconil Ultrex 82.5WDG 3.2 0Z.....ccccueereecriieeeiiieeeeciieeeeeieeeeesvreeesesaeeeens 2.75i-k
Cleary 26/36 4.0 fl 02 + ENAOISE 2.5WP 4.0 0Z .....eoeeuveeerieeeeeeectee et eeteeeette et eeveeeteeeeaeeeevee e 3.00h-k
INSTrata 3.61SE 9.3 fl OZ...uuiiiciiecie et st b e e et e e e e et e e e reeeenaee s 3.75h-k



Insignia 20WDG 0.9 oz + Iprodione Pro 2SE 4.0 fl oz + Revere 4F 8.0 fl 0z .....ueevveeeeeccniriieeneennn. 3.75h-k

T I L I T N A S A e 20PN 5.00g-k
Heritage TL 0.8ME 2.0 fl oz + Medallion 50WP 0.5 oz + Daconil WeatherStik 6F 5.5 fl oz........... 5.00g-k
Daconil WeatherStik 6F 5.5 fl 0z + Medallion 50WP 0.5 0Z.....cccccvviiiiiiiiiiiiiieeeccieee e 8.25f-k
Turfcide 400 8.0 fl 0z + Daconil Ultrex 82.5 WDG 3.2 0Z....cuuvvvieiieeieeiieeeecieee e esieeeesieeeessvneeeens 8.75f-k
18 Plus 23.3F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 oz FB Revere 4F 12.0 fl oz.........ccceuuneee.. 9.25f-k
Manicure Ultra 82.5WDG 5.0 0z FB PCNB 12.5 Plus 10-3-23E 6 Ib.....cccccevvvveerieriieeniee e 9.25f-k
INSTrata 3.61SE 6.0 fl OZ..ccciueiiie e e et e e et e e et e e e enarb e e e e araeeaeas 9.50f-k
Chipco 26GT 4.0 fl oz + Lynx 22FL 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 0Z.....cccccvveeecvveeeennnenn. 9.50f-k
HeadWay 167EC 5.25 fl OZ.....coii ittt e ettt e e e et e e e s enaa e e e e rata e e e ensseeesnsaeeeeas 10.00f-k
Heritage TL 0.8ME 2.0 fl 0z + Medallion S0WP 0.5 0Z.....cccccvieeiiiiieeeiiiee e e e e e esveeeessvaee e 10.25f-k
Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 oz + Revere 4F 12.0 fl 0z ......cceeuveenneen. 10.50f-k
DacoNil URIEX 82.5WDG 5.0 OZ......ceeeeiuriieeeiiiieeeiieeeeeiteeeeeiteeeessisaeeessssseesssnsseessssssseesnsssssesssseeenns 10.75f-k
Banner MAXX 1.3ME 4.0 fl oz FB Banner MAXX 1.3ME 4.0 fl oz + Medallion 50WP 0.5 oz......... 11.25f-k
Rubigan AS 8.0 fl 0z + Heritage SOWDG 0.4 OZ .......ceeecuieeeeiiieeeeiiieeeeciteeeeerreeeeereeeessasseeessaseeeeens 12.50f-k
Turfcide 400 12.0 fl 0z + Lysone 20 MI/100 ft2......ccceeiieeiieiieceecie et ecreestee e seeereereesreesteesaneens 12.50f-k
Rubigan AS 8.0 fl 0z + Turfcide 400 8.0 fl OZ...cccccuuviiiiciiieicciiie ettt e e 12.75f-k
Turfcide 400 8.0 fl 0z + Chipco 26GT 4.0 fl 0Z..ccuvvieiieiiieiciiee e 13.25f-k
REVEIE AF 12.0 fl OZ.ccccoiiieeeee ettt e e et e e e e e e e e etbb e e e e e e e e s babaeeeeeeeesnnstraaaesaeeennns 14.00f-k
Tartan 255C 2.0 fl 0z + Turfcide 400 8.0 fl OZ.....uuvvieeeiiiieeeeee e e 14.50e-k
Daconil Ultrex 82.5WDG 5.0 0z + Lysone 20 MI/100 ft2......ccccccveevieeireeieenieeiie e ecre e esreesiee e 14.50e-k
Headway 167EC 5.25 fl 0z + Medallion 50WP 0.5 0z......ccoeciiiiiiiiiieeeiiee et esivee e svee e 15.75d-k
RUDIZAN AS 8.0 fl OZ....eeiiee ettt e et e e st e e e s e e e e s aba e e e ensbeeesanraeeeeas 16.50d-k
TUIfCIAE 400 16.0 fl OZ. ..ttt e e e e e e e e e stbbr e e e e e e e e e bsbaaeeeeeeesrnssrasaeeeas 17.50d-k
Spectator Ultra 1.3ME 4.0 fl 0z FB Revere 4F 12.0 fl OZ ....coovviieiiiciiee ettt 17.75d-k
Plant Helper 423 oz wt/a FB Plant Helper 423 0Z WE/@ ......ooovveecieeeeiee ettt et 20.75d-k
Banner MAXX 1.3ME 2.0 fl oz + Turfcide 400 6.0 fl 0Z.......cccuvereeciiieeeiiiie e 21.75b-k
TUCIAE 400 8.0 Fl OZ...ueiiii ettt e e et e e e e ta e e e e ata e e e e abaeeeeensaeeeensaeeeensaneannn 23.25b-k
TUCIAE 400 12.0 Fl OZuuuiiiiiiiiee ettt e e et e e e e ta e e e e ta e e e e abaeeeesnseeeeensaeeesansaneeans 23.75b-j
Turfcide 400 8.0 fl 0z + Lysone 20 mMI/100 fE2......ccueiieviieiiieieiee ettt et et e 25.00b-i
Chipco 26GT 4.0 fl oz + Lynx 22FL 1.0 fl oz + Signature 80WDG 4.0 0Z .....ccccecvvveeecreeeeeerieee e 26.25b-h
Banner MAXX 1.3ME 4.0 fl 0z + Medallion 50WP 0.5 0Z .......coeeeciiieeeiiiieeeciiee et 27.75b-g
Chipco 26GT 4.0 fl 0Z + LyNX 22FL 1.0 fl OZ cecneveeee ettt ettt ettt 29.75b-f
LYSONE 20 MIJL00 FL2 ..ottt ettt ettt e et e e et e e ette e e beeenbeeeebeseeteeesabeeeseeesareean 31.25b-f
Armada 50WP 1.2 0Z FB ReVEre 4F 12.0 fl OZ .....uveeicviieeeeieee ettt et et 37.50b-e
UNTrEated CONTIOL.. .o iiiiiii ettt ettt et e s e st e st e e s bt e s bt e e sabeesabaeesaneens 38.75b-d
Plant Helper 1 |b a.i./100 gal FB Plant Helper 1 1b a.i./100 gal.....c..ccoeevvevreeneeiiieieecie et 43.75a-c
UNTrEated CONTIOL. ..o iiiiiiieiee ettt ettt st e sabe e st e bt e e sbe e s bt e e sabeesabaeesaneens 45.00ab
Headway 167EC 3.0 fl 0z FB Headway 167EC 3.0 fl OZ ..eccuveeiuveeiieiiiiieiie e 64.00a
LSD (O0=0.05) tuteiieeieeiiiiiiiist it esis st et et ese e sttt st et eet e e st e st e st e st e e et et e st e st e eteesteenteesreesneeens 23.37
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ANNUAL BLUEGRASS (Poa annua cv. unknown) T.D. Blunt and N. A. Tisserat
Speckled snow mold (Typhula ishikariensis) Bioagricultural Sciences and Pest Management
Gray Snow Mold (Typhula incarnata) Colorado State University
Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2005-2006.

Experiments for control of speckled and gray snow mold were performed on a Kentucky
Bluegrass/Annual Bluegrass fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.).
Treatments were arranged in a randomized complete block design with four replications. Individual
plots measured 5 ft. X 5 ft. First applications of three treatments of fungicides were applied 9 Sept 05.
A second application of the three treatments and the remainder of the treatments were applied 10 Oct
05. All fungicides were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer
equipped with 8003 Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was
evaluated after snowmelt on 28 Apr 06.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated this year based on a
percent of disease incidence per treatment that more accurately represents the actual disease present
in each treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure
as evidenced by the untreated control results. Results were calculated using SAS system proc glm
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
18Plus 23.3F 4.0 fl 0z + Manicure Ultra 82.5WDG 5.0 0z + Revere 4F ......cccccevceevvveesieesceeesnennn 15.25v
Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 3.2 oz + Turfcide 400 8.0 fl 0z ....ccvvvvvveerurennnne 15.88uv
Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 oz + Revere 4F 12.0fl 0z ......ccccuveneen. 17.50uv
BannerMAXX 1.3MEC 4.0 fl oz FB BannerMAXX 1.3MEC 4.0 fl oz + Medallion 50WP 0.5 0z ...... 19.63uv
Insignia 20WDG 0.7 oz + Revere 4F 8.0 fl oz + Manicure Ultra 82.5WDG 3.2 0Z .....ccccvvveeeurnennn. 21.38uv
Instrata 3.61SE 5.5 fl 0z FB Instrata 5.5 3.61SE 5.5 fl OZ...ccuvviieeciiiieeeieeeeeeeeecee e 24.63t-v
Cleary 26/36 4.0 fl 0z + CL-EXP-4 1.0 0z + Daconil Ultrex 82.5WDG 5.5 0Z........ccceeevvveeererercreens 25.88s-v
CL-EXP-4 1.0 02 + Spectro G0WDG 5.75 0Z ..ccooeeeee oottt 26.13 s-v
Headway 167EC 5.25 fl 0z + Medallion 50WP 0.5 OZ......cccccuiiieeciiieeeiiee e evaee e 27.00r-v
Cleary 26/36 4.0 fl oz + Endorse 2.5WP 4.0 oz + Daconil Ultrex 82.5WDG 5.5 0z..........ccveeuvennnen. 29.25r-v
Tartan 255C 2.0 fl 0z + Turfcide 400 8.0 fl 0Z...ccccuviiiieciiieieiee e 31.75g-v
BannerMAXX 1.3MEC 4.0 fl oz + Medallion S0WP 0.5 0Z.......cccccuviiiriiiieeeiiiieeecireeeesireeeesvveee e 31.759g-v
Insignia 20WDG 0.9 oz + Iprodione Pro 2SE 4.0 fl oz + Revere 4F 8.0 fl 0Z ....ccoecvvvvevciveeevcnnennn. 32.00p-v
Insignia 20WDG 0.9 oz + Iprodione Pro 2SE 4.0 fl oz + Manicure Ultra 82.5WDG 3.2 oz............. 32.50p-v
INStrata 3.61SE 11.0 fl OZ..cccueiiiiieiiiee e e e et e e st e e e e aa e e e entreeesnraeeeaas 36.250-v
HeadWay 167EC 5.25 fl OZ.....ueiiiiiiiee ettt ettt e e e e e e e s s aaa e e e eraaae e e enabeeesnraeeaans 37.38n-v
Insignia 20WP 0.7 oz + Iprodione Pro 2SE 4.0 fl oz + Manicure Ultra 82.5WDG 3.2 oz ............... 39.75m-v
Chipco 26GT 4.0 fl oz + Lynx 22F 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 0Z ......ccccvveeeerrveeeennen. 41.63l-u
Cleary 26/36 4.0 fl 0z + Daconil Ultrex 82.5WDG 5.5 0Z.......ccceerreereeneerireereeereesteesteesteeeneeveenves 50.00k-t
Endorse 2.5WP 4.0 0z + SPectro G0WDG 5.75 0Z.ccccccuviiiieeeeeeeccitieeee ettt ee e e e e e envrane e e e e e 50.38k-t
Rubigan AS 8.0 fl 0z + Heritage S0WDG 0.4 OZ ......ceeeecuueeeeeiiieeeecieeeeeeiteeeeeireeeeesiraeeeesasseeesenseeeaens 51.88j-g
REVEIE 4000f 12.0 fl OZ weeeeeeiiiie ettt ettt e et e e et e e e et b e e e e aaa e e e eeataeeeeansseeasanseeeanas 53.00k-r



Headway 167EC 5.25 fl 0z + Daconil WS 6F 5.5 fl 0z ......ccovciiiiiiiiiiiieeccceec e 56.25i-q

INSErata 3.6LSE 9.3 fl OZ..ciiiiiiiii it e e s s e e s ba e e et e e s araeeeens 56.88h-q
Heritage TL 0.8ME 2.0 fl oz + Medallion 50WP 0.5 oz+ Daconil WeatherStik 6F 5.5 fl oz............ 56.88h-q
Turfcide 400 12.0 fl 0z + Lysone 20MI/L100E ........c.cuoieeveeieeeeeeeeeeeeeeeeseeeeeeee s eese e 57.75g-q
Hertiage TL 0.8ME 2.0 fl 0z + Medallion S0WP 0.5 0Z.....cccccveiiriiiiieniiiieesiiieeessieeeessveeeessveeee s 57.75g-q
Spectator Ultra 1.3MEC 4.0 fl oz + Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 fl 0z 57.88g-q
Turfcide 400 8.0 fl 0z + Chipco 26GT 4.0 fl OZ....c.uvvveieeiiie e 58.13g-p
INSTrata 3.61SE 6.0 fl OZ..ccciueiiie e e et e e et e e et e e e enarb e e e e araeeaeas 58.75g-0
TUfCIAE 400 12.0 Fl OZuuuiiiiiiiiee et e e et e e et e e e et e e e e esabaeeesansaeeeessaeeeensaneeans 58.75g-0
TUfCIAE 400 16.0 Fl OZuuuiiiiiiiiee et e e e e et e e e st e e e et e e e e saataeeeessaeeesnsaeeeans 59.25g-0
Insignia 20WDG 0.7 oz FB 18Plus 23.3F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 oz................... 63.38f-n
Daconil WeatherStik 6F 5.5 fl 0z + Medallion 50WP 0.5 0Z.....cccccuvieeeiiiiieeiiieeecceeee e 63.63f-m
Armada 50WP 1.2 0z FB ReVEre 4F 12.0 fl OZ ...ccvcveiveiiiiiieiiiie ettt sttt s 63.75f-m
Spectator Ultra 1.3MEC 4.0 fl 0z FB Revere 4F 12.0 fl 0Z ...ccccvvveeeciieeieiee e 66.25e-k
Rubigan AS 8.0 fl 0z + Turfcide 400 8.0 fl OZ....ccccuvveeieieee et e e 66.63f-|
Chipco 26GT 4.0 fl oz + Lynx 22FL 1.0 fl oz + Signature 80WDG 4.0 0Z ......eeveeeeeeeicvrreeeeeeeeeeinnnns 66.88f-I
Turfcide 400 8.0 fl 0z + Daconil Ultrex 82.5WDG 3.2 0Z.....ccveeeriureieeiiieeesiiieeeesiveeessveeeesssneeeens 67.38d-I
Cleary 26/36 4.0 fl 0z + ENAOrs@2.5WP 4.0 0Z....ccoueiireiiiiiiieeiieeiteesieeseesireecveeeveesteesseesseessneesseenses 69.25¢c-k
O LN oT Y =T o o 4 o | F SRR 72.00b-k
Insignia 20WDG 0.9 0z + Manicure Ultrex 82.5WDG 3.2 0Z....cccccuveeeriireeesiiieeesiiieeessireeessnneeenns 74.00a-k
Headway 167EC 3.0 fl 0z FB Headway 167EC 3.0 fl OZ ....uvveeeeeeeiiiieeeeeee ettt 75.63a-k
Turfcide 400 8.0 fl 0z + Lysone 20 MI/L00 Ft2 ........cuevvveviieeeeeeeiieeeeeeeeeee et s sesseeesessssnnens 77.13a-j
T I L B R N A S A e 25PN 79.75a-i
UNTreated CONTIOL. ..o it e e e e e st e e e e s rabaeeesnbaeeesansseeesnseeaenas 80.75a-i
LIS (el Te [ 0 0 R F 0 IR § o 72U 81.38a-i
Medallion 50WP 0.14 oz + Daconil WeatherStik 6f 2.36 fl oz + Banner MAXX 1.3ME 1.7 floz ... 82.13a-i
Banner MAXX 1.3ME 2.0 fl oz + Turfcide 400 6.0 fl 0Z.......cccuvereeciiieeeiiiie e 82.13a-i
Chipco 26GT 4.0 fl 0Z + LyNX 22FL 1.0 fl OZ cecneeveeee ettt et 82.50a-h
Banner MAXX 1.3ME 2.0 fl oz + Daconil WeatherStik 6F 5.5 fl 0Z......ccceeeveieeeiiiiieeecieee e, 83.75a-g
18Plus 23.3F 4.0 fl oz + Manicure Ultra 1.3ME 5.0 fl oz FB Revere 4F 12.0 fl 0z......ccccuvvveeuunnnnn. 83.75a-g
Manicure Ultra 1.3ME 5.0 fl 0z FB PCNB 12.5 Plus 10-3-23E 6 Ib....ccevvieeerieeeeeeeeecee e 87.50a-f
Rubigan AS 8.0 fl 0z + Daconil Ultrex 82.5WDG 3.2 0Z.....ccccueeeeecuiieeeeiiireeecieeeeeeveeeeessseeesesseeeens 89.38a-f
Plant Helper 1 Ib a.i./100 gal FB Plant Helper 1 1b a.i./100 gal.......cccoeeeeveeeieeeeeeccieecee e 92.13a-e
RUDIZAN AS 8.0 fl OZ...eeeiiee ettt et e e et e e et e e e et b e e e e aaee e e e staeeeensseeesnsaeeaans 93.50a-d
Daconil URFEX 82.5WDG 5.0 0Z.....ccccuiiecieeiiiiesieeectieeeieeesteeeseteesueeessaeessesesseessssessnssessssessssesssssess 95.00a-c
LYSONE 20MI/L00 Ft2 ..ottt ettt ettt ettt e st es st et et s s s aenns 95.63ab
Plant Helper 423 0z wt/z FB Plant Helper 423 0Z Wt/a......ccccvevveeiieeireesieerecsiee e este e sreeeane s 96.00ab
Daconil Ultrex 82.5WDG 5.0 0z + Lysone 20 MI/100 ft% ......ocovoiiiiiiiieiisisiiiesesessssssessasessnanans 98.75a
LSD (O0=0.05) 1 utteieesieeiieiit et e sttt ettt ettt et e st s e st s et et e st e st st e et e et eesteesneeeas 25.85
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ANNUAL BLUEGRASS (Poa annua cv. unknown) T.D. Blunt and N. A. Tisserat
Speckled snow mold (Typhula ishikariensis) Bioagricultural Sciences and Pest Management
Gray Snow Mold (Typhula incarnata) Colorado State University
Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2006-2007.

Experiments for control of speckled and gray snow mold were performed on an Annual
Bluegrass fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.). Treatments were
arranged in a randomized complete block design with four replications. Individual plots measured 5 ft. X
5 ft. First applications of three treatments of fungicides were applied 26 Sept 06. A second application
of the three treatments and the remainder of the treatments were applied 24 Oct 06. All fungicides
were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003
Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after
snowmelt on 26 Mar 07.

Snow had to be removed from plots prior to fungicide application in October. After application
plots remained snow-free for two weeks. Snowmelt in late March occurred approximately two weeks
earlier than normal. Nevertheless, disease pressure was hit with untreated plots averaging 89% plot
area damaged. All fungicides except DPX-H6573 at 0.44 fl oz, DPX-LEM17 at 0.5 and 1.0 oz and DPX-
YT669 at 0.425 fl oz reduced severity. However, most fungicide combinations did not provide
acceptable levels of control (<10% damage). Plots were re-evaluated on 1 May 07 (results not shown)
with most plots showing an increase in turf recovery from snow mold damage.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated based on a percent
of disease incidence per treatment that more accurately represents the actual disease present in each
treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure as
evidenced by the untreated control results. Results were calculated using SAS system proc glm
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 0z + Revere 4F 12 fl 0z .....cccvevveuveennnen. 6.63n
Spectro 90WDG 4.0 oz FB Cleary 26/36 4 fl oz + Endorse 2.5WP 4.0 0Z.......ccceeevvevrvenreeeveeveennenn 8.00nm
Lynx 22FL 1.0 fl oz + Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5 WDG 5.0 0Z.......ccceecuveeercvveenn. 8.63I-n
Cleary 26/36 4.0 fl 0Z + CL-EXP-9 1.2 OZ...cceeeueeireeireeitee e eteeiteesteesteesteesvesveeveesbeestaesaaesaneeaneenreen 8.75l-n
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl 0z + CL-EXP-9 1.2 0Z .....ccceevreecreereecreenteecere e 9.00I-n
Insignia 20WDG 0.7 oz + Revere 4F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 0Z .....ccccvvveevcnvnennn. 9.00I-n
Cleary 26/36 4.0 fl 0z + ENAOrse 2.5 WP 4.0 WP .....ocvviiueieieereeeteesteeeteeere e eereesteesteesaeesaneeveenrees 9.50k-n
Tartan 288SC 2.0 fl 0z + Daconil Ultrex 82.5WDG 5.0 0Z........ceeveureeeeiiiieeeiireeeecieeeeeciveeeesvveee e 10.00k-n
TBZ + TFS Green 2.0 fl 0z + Chipco 26GT 4.0 fl 0Z...cccccuviiiieciiie e 14.38j-n
Insignia 20WDG 0.7 oz + BAS595 1.0 0z + Manicure Ultrex 82.5WDG 5.0 0Z ......c.ceevvvvvveeecnnneennn. 15.50j-n
Spectro 90WDG 5.75 07 + CL-EXP-9 1.2 0Z ...cceviiiiiiiiiieieieeietteee ettt 16.50j-n
Tartan 288SC 2.0 fl 0z + Chipco 26GT 6.0 fl OZ.....uvviieeiiiieeeee e 16.75j-n
INSTrata 3.61SE 11.0 fl OZ...ueeiie ettt e e e e et e e e e ta e e e e ata e e e enaeeeeesnsaeeaaan 18.00i-n
TBZ + TFS GIEEN 2.0 Fl OZ.eneeiiee ettt e et e et e e e e abae e e e e abaeeeeataeeeensseeaans 18.75i-n



Banner MAXX 1.3ME 2.0 fl oz + Daconil WeatherStik 6F 5.5 fl 02 + SYNC.......coeeivriiviiiiiiiieeeeeenns 19.63h-n

DPX-LEM17 20SC 2.0 fl OZ wuveeeieeieeeiiiiieeee ettt e e e e e ettt e e e e e e e eattraee e s e e e sababaeeeeeesesnnsraseesaaeennns 21.25h-n
Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 oz + 18Plus 23.3F 4.0fl oz........ccc......... 21.25h-n
Tartan 288SC 2.0 fl 0z + Prostar 70DF 2.2 fl 0Z ......uevivciiiiiiiiie ettt 22.75g-n
Insignia 20WDG 0.7 oz + Revere 4F 4.0 fl oz + Manicure Ultra 82.5WDG 4.0 07 .....ccccvvevereuvveennn. 23.00g-n
INSTrata 3.61SE 9.0 fl OZ..ceiieeiiie et e e e et e e e ta e e e e rara e e e e atr e e e e nraeeaaas 23.50g-n
Medallion 50WP 0.15 oz + Daconil WeatherStik 6f 2.5 fl oz + Banner Maxx 1.3ME 1.8fl oz ....... 25.00g-n
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl oz + Daconil Ultrex 82.5WDG 5.5 0z ..........c........ 26.88f-n
18 Plus 23.3F 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 0z + Revere 4F 12.0 fl 0z......ccccevveuveennenn. 27.25f-n
Banner MAXX 1.3ME 2.0 fl oz + Daconil WeatherStik 6F 5.5 fl 0Z ........ccovvviieeeciiiieeccieee e, 27.50f-n
Cleary 26/36 4.0 fl 0z + Daconil Ultrex 82.5WDG 5.5 0Z.....c..ceecueieerieiiieeiieee ettt etee et evee e 28.63f-n
Banner MAXX 1.3ME 2.0 fl oz + Daconil Ultrex 82.5 WDG 5.0 oz + Medallion 50WP 0.5 oz ....... 30.25f-n
Insignia 20WDGG 0.7 oz + Iprodione Pro2SE 4.0 fl oz + Manicure Ultra 82.5WDG 5.0 oz........... 31.50f-n
Armada 50WP 1.2 0Z FB ReVEre 4F 12.0 fl OZ .....uoeeeeeiieieeieee ettt 33.63f-n
Tartan 288SC 2.0 fl 0z + Chipco 26GT 6.0 fl OZ......uvvieeiiiiieeeee e 33.75f-n
Tartan 288SC 2.0 fl 0z + Chipco 26GT 6.0 fl 0Z + SYNC ..cooiiiiiiiieiiieeeeee et 34.63f-m
DPX-LEM17 20SC 1.0 fl 0z + DPX YT669 22.55C 0.425 fl OZ ...vevevcuriiieeciieee e esvee e 35.88f-I
Spectator Ultra 1.3ME 4.0 fl oz + Insignia 20WDG 0.7 oz FB Manicure Ultra 82.5WDG 5.0 oz ... 36.50f-k
Tartan 288SC 2.0 fl 0z + Turfcide 400 6.0 fl OZ.....uvveeeeieiiiiiiieiiee et 41.25e-j
Spectro 90WDG 4.0 oz + Cleary 26/36 4.0 fl oz + Daconil Ultrex 82.5WDG 5.5 0z ........ccccuveeee. 41.50e-j
INStrata 3.6LSE 5.0 fl OZ.uciiiuiiiii it e e s e e et e e et e e e e araeeeeas 44.63e-i
Spectro 90WDG 4.0 oz + Cleary 26/36 4.0 fl oz + Daconil Ultrex 82.5WDG 5.5 oz + SYNC .......... 45.38e-i
LIS (el Te [ 0 0 0 I o 2SR 46.25e-h
Banner MAXX 1.3ME 2.0 fl oz + Turfcide 400 6.0 fl 0Z.......cccuvevieiiiieiiciieiecciee e 49.63d-g
Spectator Ultra 1.3ME 4.0 fl 0z FB Revere 4F 12.0 fl 0Z ....coovcieiiiiiiiee ettt 53.13c-f
Banner MAXX 1.3ME 2.0 fl oz + Daconil WeatherStik 6F 5.5 fl 0Z......cc.coveviiieeeiiiiieeccieee e, 53.75c-f
DPX-HB573 37.7EC 0.44 fl OZ oottt ettt tte e e et e e e et e e e e atae e e ensaeeesnneeeaean 65.00b-e
DPX-LEM17 20SC 1.0 fl 0z + DPX-H6573 37.7EC 0.44 fl OZ ..uvvvveeireieeeiieeeeceee et 66.25b-d
DPX-LEM17 20SC 1.0 fl OZ eeeeureeiieieiieeciee ettt seeette s ee s stte e sate e stee s saae e sae e ebeaesnbaeeneeesnteesnseeesnseesn 76.25a-d
DPX-YTE69 22.55C 0.425 Fl OZ .eeeveieieiiieiee et seeestteeseeeste e sete e s tee e stae e s ae e esbeeesbeessneeesnseesnneessnsenan 76.50a-d
DPX-LEM17 20SC 0.5 fl OZ ...uvveieieiiieeeeiiee ettt ee e e ettt e e e et e e ettt e e e satae e e eenaaeeeeensaeeesnsseeesnsseeanns 79.00a-c
Rapeseed 1 day germination 5008/100 FLZ .........coeveeueeeeeeereeeeeeseeeeseseeeseeesseseseeeseessesessenens 81.25ab
Mustard seed 1 day germination 1008/100 FL2..........oeeeeeeeeeeeeeeeeeeeseeeeeeeeeeseseeeeseseesesseeens 82.13ab
Oilseed radish seed 1 day germination 5008/100 FL% .........coeeueeeeeeeeeeeeereeeseeeeeeeeeeseseresseenas 84.38ab
LY =Ty =T I o] o1 4 ¢ FS 91.75ab
Rapeseed 1 day germination 1008/100 FL% ...........ceveeueuirrerieieeeeeeesessesseeeesesessesesesesesssesseseenns 94.25a
Rapeseed 6 day germination 5008/100 FL% ...........cevieueuerrireeieeeeeeeseesesseeeesesessesese s essseseseseesns 95.50a
Oilseed radish seed 6 day germination 500 8/100 ft2..........cccveuiuieeereeeeeeeeseseeeseeesesesseseee s 95.63a
Mustard seed 6 day germination 500 8/100 ft2.........ocoeuerireeieeeeeeesieeeseeeeseeesseses s eesseseseeeenns 96.25a
Oilseed radish seed 1 day germination 1008/100 ft” .........cccooeiveeereieeeereeeseeeseeeeeeeeseseseeesseeeas 97.75a
Mustard seed 1 day germination 500 §/100 ft%.....ccoiiiieiiiieiesseiiesessesesessesessssssossnssssssasssnssans 98.75a
LSD (O0=0.05) tuteeteeieeiiiiiitistteseese et et et ese e sttt st st e et e est e e st e st e st e e et et e st e st e steenteenreesteesneaens 27.42
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ANNUAL BLUEGRASS (Poa annua cv. unknown) T.D. Blunt and N. A. Tisserat
Speckled snow mold (Typhula ishikariensis) Bioagricultural Sciences and Pest Management
Gray Snow Mold (Typhula Incarnata) Colorado State University
Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2007-2008.

Experiments for control of speckled and gray snow mold were performed on an Annual
Bluegrass fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.). Treatments were
arranged in a randomized complete block design with four replications. Individual plots measured 5 ft. X
5 ft. First applications of several treatments of fungicides were applied 27 Sept 07. A second application
of the initial treatments and the remainder of the treatments were applied 24 Oct 07. All fungicides
were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003
Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after
snowmelt on 12 May 08.

Snow cover this field season was delayed. The first permanent snow was on or about 19 Nov
07. This season had greater snow cover than had been seen in the previous 3 years. The depth of the
snow, at one time, was about 4 feet deep. Final snow melt from the trial plots was about 10 May 08,
which was about two weeks later than normal. At evaluation time, there was still snow cover on shaded
parts of the golf course. Due to the length and amount of snow cover, disease pressure was high. The
untreated plots averaged 98% area damaged. Even though there were several fungicide combinations
that provided adequate control (<10% damage) and there were a few combinations that were close to
the 10% control, the majority of the fungicide combinations did not provide acceptable levels of control.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated based on a percent
of disease incidence per treatment that more accurately represents the actual disease present in each
treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure as
evidenced by the untreated control results. Results were calculated using SAS system proc gim
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
Spectro 90WDG 4.0 oz FB Clearys 26/36 8.0 fl 0z + CL-EXP-9 1.2 0Z....cccceevvvevreevreecrienieecreeve e 1.50i
Spectro 90WDG 4.0 0z FB CL-EXP-9 1.2 0z + Endorse 2.5WP 4.0 0Z ....cccvveveevvveeeceiee e 2.25i
Reserve 5755C 3.8 fl 0z + Compass 50WDG 0.25 0Z......ccuvveeeeeeeiiiiirieeeeeeeeeiiiireeeeeeeeeeeirrseeeseeeeens 2.25i
Spectro GOWDG 5.75 0Z + CL-EXP-9 1.2 0Z .cooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e 2.75i
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl 0z + CL-EXP-9 1.2 0Z .....cccvvevvrecreecreecreecteecreeveennen 4.50hi
Lynx 240SC 1.5 fl oz + Compass 50WG 0.25 oz + Daconil Ultrex 82.5WDG 5.0 0z .........cccccuvveennn. 7.00g-i
Instrata 3.61SE 9.3 fl 0z + Medallion 50WP 0.25 0Z ......ceeeeiiiieeeiiiieeecireeeecireeeecireeessereeessvveeeens 7.00g-i
Spectro 90WDG 4.0 oz FB Clearys 26/36 8.0 fl 0z + Endorse 2.5WP 4.0 0Z ......ccceevvevuveeveeveennen. 7.50g-i
Reserve 575SC 7.6 fl 0z + Chipco 26GT 4.0 fl 0Z ....veeveuiiiiieiiieeceee et 10.50f-i
Spectro 90WDG 4.0 FB Cleary 26/36 4.0 fl 0z + ENAOrse 4.0 0Z ......cccveeveereecreesreeireeieecveeveennens 10.50f-i
Instrata 3.61SE 11.0 fl 0z + Medallion 50WP 0.2507 .....cccceveiieeeciieeiieesiee e e steeeseeeeseeesveessnnee s 12.50f-i
Insignia 20WDG 0.7 oz + Trinity 19.2SC 1.0 fl oz + Turfcide 400 6.0 fl 0z.......cccvvveevreereeererennen. 13.75e-i
INSTrata 3.61SE 11.0 fl OZ.uueiiceiieiiie et e e st e e e et e e ereeeenneean 14.25e-i



Lynx 240SC 1.5 fl oz + Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 5.0 0z .....ccccccvveeeriureeennne 18.75d-i

Insignia 20WDG 0.7 oz + Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 5.0 oz.........cceeeeeennn.e. 19.50d-i
Trinity 19.2SC 1.0 fl oz + Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 5.0 0z .........cccecuvvenene. 20.00d-i
Insignia 20WDG 0.7 oz + Chipco 26GT 4.0 fl oz + Turfcide 400 6.0 fl 0z.......ccvvvveeeeeeccciiiieeeeeeenn, 22.50d-i
Banner MAXX 1.3ME 4.0 fl oz + Daconil Ultrex 82.5WDG 4.5 oz + Medallion 50WP 0.33 oz ...... 25.00c-h
Instrata 3.61SE 5.5 fl 0z FB Instrata 3.61 5.5 fl OZ....ccccuviiieiiiiieeeee et 27.50c-g
Instrata 3.61SE 7.0 fl 0z FB Instrata 3.61SE 7.0 fl OZ....ccuvvveeeiiiiiiiieeeee e 30.00c-f
INSErAta 3.61SE 9.3 Tl OZ.uuuurreiiiiiiiieeieeee et e e e e e e e babe e e e e e eeeaabaaeeeseeeennns 31.25c-f
Banner MAXX 1.3ME 3.25 fl oz + Daconil Ultrex 82.5WDG 4.5 oz + Medallion 50WP 0.27 oz .... 31.25c-f
Tartan 288SC 2.0 fl 0z + Turfcide 400 6.0 fl OZ....uvveeiiiiiiiiiieeeie e 34.25c-e
Insignia 20WDG 0.7 oz + Trinity 19.2SC 1.0 fl 0z + Chipco 26GT 4.0 fl 0zZ......ocecvvreevrecreecreeenee. 36.25cd
Insignia 20WDG 0.7 oz + Trinity 19.2SC 1.0 fl oz + Daconil Ultrex 82.5WDG 5.0 oz..................... 37.25cd
Tartan 288SC 2.0 fl 0z + Daconil Ultrex 82.5WDG 5.0 OZ......ceevveeeiiiirrreieieeeeeeicireeeeeeeeeeeeivveeeeeees 45.75bc
RESEIVE 575SC 7.6 Fl OZ et e e e e e e e et e e e e e eeaabaaeeeseeesanns 59.50
INSErAta 3.61SE 9.3 fl OZ.uuuueeeeiiiiiiieeeeeee et e e et e e e e e e bbb e e e e e e e eeeaabaaeeeeeeeeanns 65.00b
UNTrEaTed CONMEIOl . ittt ittt ti i i ettt ettt ettt ettt eeeees e e eeeeeeeeeee s eeeeeee s e eeeeseeeeesessesssssseseeesesssssessesseneees 98.25a
LS D (00005 ittt iiiei ittt et e eeeesnt ettt e eeeeesanet et eeese ettt e e eeee s e nbn bt s eesseee s nnnneeesesseesnnrrrreesesesaans 21.20

110



ANNUAL BLUEGRASS (Poa annua cv. unknown) T.D. Blunt and N. A. Tisserat
Speckled snow mold (Typhula ishikariensis) Bioagricultural Sciences and Pest Management
Gray Snow Mold (Typhula incarnata) Colorado State University
Fort Collins, CO 80523-1177

Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2008-2009.

Experiments for control of speckled and gray snow mold were performed on an Annual
Bluegrass fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.). Treatments were
arranged in a randomized complete block design with four replications. Individual plots measured 5 ft. X
5 ft. First applications of several treatments of fungicides were applied 26 Sept 08. A second application
of the initial treatments and the remainder of the treatments were applied 29 Oct 08. All fungicides
were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003
Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after
snowmelt on 27 April 09.

The first permanent snow was on or about 15 Nov 08. This season had as much snow cover as
the previous year. At evaluation time, there was still snow cover on parts of the golf course. At the time
of evaluation, there was still a small amount of snow on the trial plots that needed to be shoveled off in
order to rate the effectiveness of the treatments. Disease pressure was high again this year. The
untreated plots averaged 92% area damaged. Even though there were several fungicide combinations
that provided adequate control (<10% damage) and there were a few combinations that were close to
the 10% control, the majority of the fungicides or combinations did not provide acceptable levels of
control.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated based on a percent
of disease incidence per treatment that more accurately represents the actual disease present in each
treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure as
evidenced by the untreated control results. Results were calculated using SAS system proc glm
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
Spectro 90WDG 4.0 oz FB Cleary 26/36 8.0 fl 0z + CL-EXP-9 1.2 0Z .....cccveevreecreeriereenteecere e 4.50s
Tartan 299SC 2.0 fl oz + Daconil Ultrex 82.5WDG 5.0 OZ.......ceevveiviieeiiieeeeiieeeecireeeesiveeessvnee e 5.25rs
Spectro 90WDG 4.0 FB Instrata 3.61SE 11.0 fl oz + Medallion 50WP 0.250z........ccccceeverveeennnnenn. 6.25rs
Pegasus HPX 3.6 fl oz + Dovetail 39.3EC 4.0 fl oz + KestralMEX 1.3ME 3.0 fl oz +

DiSArM SC 0.36 fl 0Z.euuveieiiiiiieiiie ettt ettt s e sa e st e st e e s be e e bt e e nateesbaeesaree s 6.50rs
Triton Flo 367SC 0.85 fl 0z + Compass 50WG 0.25 oz + Daconil Ultrex 82.5WDG 5.0 oz............. 6.50rs
Reserve 4.85C 5.4 fl 0z + CompPass S50WG 0.25 0Z ...ccccuvveeeeiiiieeeiiiieeciireeessireeeesvneeesssreeesssseeeens 6.750-s
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl 02 + CL-EXP-9 1.2 0Z .....cccveevrrecreecreecreecree e 7.509-s
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl oz + Endorse 2.5WP 4.0 oz + CL-EXP-11 6.0 fl oz. 8.50p-s
Instrata 3.61SE 8.0 fl 0z + Headway 167EC 1.5 fl OZ ...uvvvveeiiiiieeieee e 10.000-s
Headway 167EC 3.0 fl 0z + Concert 4.3SC 8.25 fl OZ.....uuvieeciiiieeceee et 12.00n-s
USF26019T 6.0 fl 0z + Triton FIo 367SC 0.85 fl 0Z....ccccvvveiiieiieeeiee et 12.00n-s
Spectro 90WDG 4.0 0z FB CL-EXP-9 1.2 0z + Endorse 2.5WP 4.0 0Z ......ccuvvveeeeeeeecciiiieeee e e 12.00n-s
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Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl oz + Endorse 4.0 2.5WP 4.0 0Z ....c..coeevveeeerveeenennnne 12.25n-s

Triton Flo 367SC 1.1 fl oz + Compass 50WG 0.2 oz + Daconil Ultrex 82.5WDG 5.0 oz.................. 12.75n-s
Spectro G0WDG 5.75 0Z 4+ CL-EXP-9 1.2 0Z ..cooeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt 13.00n-s
USF26019T 5.0 fl 0z + Triton Flo 367SC 0.85 fl 0Z...ccivcuiiiiiiiiiiieiiieeciiee et 13.25n-s
Instrata 3.61SE 5.5 fl 0z FB Instrata 3.61SE 5.5 fl 0Z......ueviviiiiiiiiiieiceee e 15.00m-s
Spectro 90WDG 4.0 oz FB Cleary 26/36 4.0 fl 0z + CL-EXP-9 1.2 0Z ...cvveevvvreereeeciieectee et 15.50m-s
Curalan EG 50WP 1.0 oz + Daconil Ultrex 82.5WDG FB

Insignia 20WDG 0.5 0z + Trinity 1.67SC 1.0 fl OZ w.vvveeeuiiieiciiee et 15.50m-s
Banner MAXX 1.3ME 2.0 fl oz FB Instrata 3.61SE 11.0 fl oz + Medallion 50WP 0.25 oz .............. 18.00m-s
T I = 1= B T3 A it I 0 I 4 e 2N 18.25m-s
Banner MAXX 1.3ME 4.0 fl oz + Daconil Ultrex 82.5WDG 5.5 oz + Medallion 50WP +

(@ T oTole A oY G I B0 I o 2RSSR 18.75m-s
Pegasus HPX 5.5 fl oz + Dovetail 39.3EC 4.0 fl 0z + Disarm 0.25G 0.36 0Z ......cccccvvveerirreeerirnenenn. 20.00I-s
Banner MAXX 1.3 ME 4.0 fl oz + Medallion 50WP 0.4 0z + Chipco 26GT 4.0 fl 0z .....ceevveuveennnen. 22.50k-s
USF26019T 4.0 fl 0z + Triton FIo 367SC 0.85 fl OZ...ecceuvieeecieee ettt 27.25j-r
Disarm 480SC 3.0 fl 0z + Chipco 26GT 4.0 fl OZ....uvveeiiciiiiieciiie ettt 28.75j-r
INSErata 3.61SE 9.3 fl OZ..ciiiiiiie e s e e s e e et e e e b e e e s nrreeeean 30.00i-p
Tourney 50WDG 0.44 0z + Cleary’s 3336 4.0 fl OZ....ccouveeeeeeeee ettt 31.25i-0
Curalan EG 50WG 1.0 oz + Daconil Ultrex 82.5WDG 3.2 oz FB Trinity 1.67SC 1.5 fl oz +

DAcoNil UIIEX 82.5WDG 3.2 0Z...uuuieiiicuiiieeeiiiieeeiieeeeeitteeessseeeessssseesssssseesssssseeesssssessssssesssssssseesns 33.75h-n
Turfcide 400 6.0 fl 0z + SPECtro GOWDG 4.0 OZ ....veeveeuriieeeiiiieeeciteeeeciteeeestreeessiaeeeesaaeeessnsaeeeens 37.00g-m
Tourney 50WDG 0.44 oz + Daconil Ultrex 82.5WDG 3.2 oz FB Tourney 50WDG 0.44 oz +

DAcoNil UIFEX 82.5WDG 3.2 OZ...uuuiiiiiiiiieieiiiiieeeiieeeeectteeesstteeeessssseesssssseeessssseessssssessssssesessssseeenns 42.00f-|
Trinity 1.67SC 1.0 fl 0z + Insignia 20WDG 0.5 0Z ....eeevuiiiiiiiiiieesciieeeecitee et e e e e siaee e 42.00f-|
AND3150 5 Ib FB AND8076 5.95 Ib + ANDS5017 6.66 1D ....cceeeieeeiiiiieeiee et eeeeirrvee e e e 42.50f-k
Trinity 1.67SC 1.5 fl 0z + Insignia 20WDG 0.5 0Z ....eeeeuiiieieiiiieeecieee ettt e e e e e aaee e 48.00f-j
Tourney 50WDG 0.44 0z FB Tourney S0WDG 0.44 OZ........uuuuurururmrernrnrnrnrnrerererernennesnnnenseeenennnane. 51.25e-i

F N2 0 A S oY S | SRS 55.00e-h
TUCIAE 400 9.0 Fl OZ..nueeiee ettt e e et e e et e e e e ta e e e e s abaeeeesasaeeeensaeeeensaneaans 57.50d-g
AND3150 5.0 b FB ANDS017 6.66 1D ....ceeeuiieeiiiecieeeee ettt etes st ste st seve e st snee e snee e 62.00c-f
TUCIAE 400 12.0 Fl OZuuuiiiiiiiiee ettt ettt e e et e e e e ta e e e e ta e e e e abaeeeeeasaeeeensaeeesansaneaans 63.25¢-f
AND3150 3.75 1b FB ANDS017 3.33 1D .eeiiiiiiieiciiiee ettt ettt ettt e et e e e ette e e e ette e e e enaeeaeenaaeeeeanes 70.50b-e
BT T o B G ST | o 72.75b-e
ANDS017 3.33 10 ittt et e e e e et e e e e et e e e e e bae e e eabteeeeebtaeeeabreeaeaarraeaeares 77.75a-d
DiSArm 480SC 0.36 fl OZ...ccccuuiieeieiiiee ettt e e et e e e e ta e e e e ata e e e e ataeeeeearaeeeenntbeeeenraeeaans 78.75a-d
INSIZNIA 20WDG 0.7 OZ .uuvviiiiiieiiiiiiiiiieeteeeeesssiitreeeeesssssiateaeeeeesssssssssesaeesessssssssseeeeesssssssssssseesesssnsns 83.00a-c
Rhapsody 60EC 5.0 fl 0z + Insignia 20WDG 0.35 0Z......ceeeeeiirieiiiiiieeiiiieeesciieeeesiveeessereeesssneeeens 84.00a-c
TUIFCIAE 400 6.0 Fl OZ...eiiiiiiiee ettt et e st e s bt e e s be e s bt e e sabeesabaeesabeens 86.75ab
UNTrEated CONTIOL...couiiiiiiiciee ettt ettt e sate e st e bt e e s bt e s bt e e sabeesabaeesaneens 92.25ab
UNtreated CONTIOl. . i i iieie st e et e ettt e e ettt e ettt e eeeeeeeeeeseeeeeesseeeeansreeeeansseeeennsseeesanssneeeas 96.00a
LSD (O0=0.05) tuteeteeieeiiiiiitistteseese et et et ese e sttt st st e et e est e e st e st e st e e et et e st e st e steenteenreesteesneaens 22.25
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Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2009-2010.

Experiments for control of speckled and gray snow mold were performed on an Annual
Bluegrass fairway at Vail Golf Club, Fairway 14, Vail, CO (average elevation 8150 ft.). Treatments were
arranged in a randomized complete block design with four replications. Individual plots measured 5 ft. X
5 ft. First applications of several treatments of fungicides were applied 2 Oct 09. A second application
of the initial treatments and the remainder of the treatments were applied 05 Nov 09. All fungicides
were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003
Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after
snowmelt on 10 May 10.

Snow cover this field season was delayed. The first permanent snow was on or about 19 Nov
10. First snow melt was in Apr 10 with additional snow cover after the first melt. Final snow melt from
the trial plots was about 06 May 10, which was about two weeks later than normal. At evaluation time,
there was still snow cover on shaded parts of the golf course. Disease pressure on the fairway was
consistent with previous years. Even though there were several fungicide combinations that provided
adequate control (<20% damage) and there were a couple combinations that were close to the 10%
control threshold, about half of the treatment combinations did not provide acceptable levels of control.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated based on a percent
of disease incidence per treatment that more accurately represents the actual disease present in each
treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure as
evidenced by the untreated control results. Results were calculated using SAS system proc glm
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating
Reserve 4.8SC 5.4fl 0z + COMPAsS 50WG 0.25 OZ...ccccuviieeeiiiieeeiiieeeeciteeeecteeeeeeteeeeessreeesenneeeeas 9.67h
Instrata 3.61SE 5.5 fl 0z FB Instrata 3.61SE 5.5 fl 0z .....cccvvveeeeieeiiiiiiieee e 10.00h
Instrata 3.61SE 5.5 fl oz + Fore 80WP 8.0 oz FB Instrata 3.61SE 5.5 fl oz + Fore 80WP 8.0 oz..... 10.33gh
Insignia 20WDG 0.54 oz + Trinity 1.67SC 1.0 oz + Iprodione Pro 2SE 4.0 fl 0z ......ccecevveervueeennnenn. 11.00gh
Tourney 50WDG 0.37 oz + Cleary 3336 4.0 fl oz FB

Tourney 50WDG 0.37 0z + Cleary 3336 4.0 fl 0Z.....ccocciiieieciiie e 11.67gh
INStrata 3.61SE 11.0 fl OZ..cccueiiiiiciiiee ettt e e s et e e e e aba e e e enntr e e e enraeeeeas 11.67gh
Interface 24.55C 4.0 fl 0z + Turfcide 400 8.0 fl 0Z......ccocvuvrreeeeiieiicreeee e 12.67f-h
Interface 24.55C 5.0 fl 0z + Triton FIo 367SC 0.85 fl 0Z....uuvvveiiieiiiiiriiiieeeeeecireeeee e 12.67f-h
Daconil Ultrex 82.5WDG 5.5 oz + Medallion 50WP 0.50 oz + Banner MAXX 1.3ME 4.0fl oz ...... 12.67f-h
Interface 24.55C 6.0 fl 0z + Triton FIo 367SC 0.85 fl 0Z....uvveeeiieiiiiiiriieieeeeeecireeeee e 14.33f-h
V10277 45G 2.4 |b + Cleary 3336 4.0 fl 0z FB V10277 45G 2.4 Ib + Cleary 3336 4.0fl oz ............ 15.00f-h
O ol To LN 0 [ I T O I I 16.00e-h
Insignia 20SC 0.54 oz + Trinity 1.67SC 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 0z .........ccceuuvennn. 16.67e-h
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Reserve 4.8S5C 4.5 fl 0z + COMPass S5SO0WG 0.20 0Z ...cccuvveeeriiieeeriiiieesiireeesiieeeessseeeessssesesssseeesas 16.67e-h
Kestrel MEX 1.3ME 4.0 fl oz + Pegasus HPX 5.5 fl oz FB

Kestrel MEX 1.3ME 4.0 02 + RavVen 2SC 4.0 fl OZ .coveeeeiiiiieeee ettt eerree e e e 16.67e-h
Daconil Ultrex 82.5WDG 3.2 oz + Medallion 50WP 0.50 oz + Banner MAXX 1.3ME 4.0 fl oz ...... 16.67e-h
Turfcide 400 12 fl 0z + Rhapsody 60EC 5.0 fl 0Z .....eevvcuiiiiiiciiiiieiiee et 18.33e-h
Peregrine 66WDG 4.0 oz + Pegasus HPX 3.0 fl oz + Kestrel MEX 1.3ME 4.0 fl oz +

R AV o I O B I § o 72N 18.33e-h
Instrata 3.61SE 11.0 fl 0z + Medallion 50WP 0.17 OZ .....ceeecuiieeeiiiieeecireeeecieeeeecveeeeesvreeessnaeeeeas 19.33e-h
Interface 24.5SC 4.0 fl 0z + Triton FIo 367SC 0.85 fl 0Z....ccccuvviieeiiiieeeiiee et 20.00e-h
Honor 28WG 0.83 oz + Trinity 1.67SC 1.0 oz + Daconil Ultrex 82.5WDG 3.2 0Z ......ccccvveereuvveennn. 20.00e-h
Insignia 20WG 0.7 oz + Tourney 50WDG 0.37 oz + Daconil Ultrex 82.5WDG 5.5 oz.................... 21.67e-h
Curalan EG 50WDG 1.0 oz + Daconil Ultrex 82.5WDG 3.2 oz FB

Insignia 20WG 0.7 oz + Trinity 1.67SC 1.0 oz + Daconil Ultrex 82.5WDG 3.2 0Z ......ccccvvvreecurnenn. 23.33d-h
Reserve 4.8S5C 4.5 fl 0z + COMPass S50WG 0.25 0Z ...cccuvveeeeiiieeeeiiieeeecrteeeecieeeeecreeeeessreeessnneeeeas 23.33d-h
Disarm 480SC 5.8 fl 0z + RAVEN2SC 4.0 fl OZ w.eeeeeeiiieeeeeee ettt et 23.33d-h
V10277 45G 2.4 Ib FB V10277 A5G 2.4 1D ...neeiieeeeee ettt ettt e e e e e e trree e e e e e e e eaaraaaeeee e e eenas 26.67d-h
Chipco 26GT 4.0 fl oz + Medallion 50WP 0.5 oz + Banner MAXX 1.3ME 4.0 fl 0z ......ccceveeeeennnnnnne 26.67d-h
Kestrel MEX 1.3ME 4.0 fl oz FB Disarm 480SC 5.8 fl 0z + Raven 2SC 4.0 fl 0z ....ccceeeeeuvvrvveeeeennnnn. 28.33d-g
Chipco 26GT 4.0 fl oz + Daconil Ultrex 82.5WDG 3.2 oz + Medallion 50WP 0.5 oz +

Banner MAXX L.3IME 4.0 fl OZ ..cccuvieeieiiiie ettt ettt e st e s e e s aae e e s snaa e e e snsaeeesnnaeeeean 28.33d-g
Disarm M 1.0 fl 0Z + Pegasus DF 3.6 fl OZ......ueeieeiriieieriee ettt et e 30.00d-f
Daconil Ultrex 82.5WDG 5.5 oz + Medallion 50WP 0.250z + Banner MAXX 1.3ME 4.0 fl oz ....... 34.00de
Pegasus L 3.6 fl oz + Kestrel MEX 1.3ME 3.0 fl oz + Dovetail 39.3EC 4.0 fl oz +

Disarm 480SC 0.36 fl OZ....uuuiiieiieiiiiiiiiieie ettt ee e e e e e e essebrr e e e e e e e erbabaeeeeeeeeenantraaaesaeeeanns 40.00cd
Tourney S50WDG 0.37 0z FB Tourney S0WDG 0.37 OZ......uuuuururermmereiiiiiereriiiiiieeeieiaeeeeenenseennnnnnnenen 53.33bc
g To T o Lo LV o0 | L O I i I 72 58.33b
UNTreated CONTIOl. . i it s iitie e ettt e e eeit it e e ettt e e eitteeeeeiuseeeesanseeeeeansseeeeansseeeeanseeseeanssseeeansseeesanssneasan 81.67a
LSD (002005 .ttt tuttteeeiiteeeeetteeeeetteeeeatteeeeeseeeeeesseeeeennseeeeenseeeeensbeeeensseeeeannseeeeannbeeeeannreeeaannrneasan 18.16
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Fungicide evaluation for the preventive control of snow molds on Annual Bluegrass, 2010-2011.

Experiments for control of speckled and gray snow mold were performed on an Annual
Bluegrass fairway at Vail Golf Club, Fairway 16, Vail, CO (average elevation 8150 ft.). Treatments were
arranged in a randomized complete block design with four replications. Individual plots measured 5 ft.
5 ft. First applications of several treatments of fungicides were applied 1 Oct 10. A second application
of the initial treatments and the remainder of the treatments were applied 02 Nov 10. All fungicides
were applied in the equivalent of 5 gal. water/1000 sq. ft. A CO*-powered sprayer equipped with 8003
Tee-jet nozzles delivered the treatments at 30 psi. Fungicide effectiveness was evaluated after
snowmelt on 06 May 10.

Snow cover this field season was earlier than in previous years. The first snow was on or about
25 Oct 10. Final snow melt from the trial plots was about 06 May 11, which was about two weeks later
than normal. At evaluation time, there was still snow cover on shaded parts of the golf course. This
year we had a La Nifla weather pattern which provided a total of 524 inches of snow over the entire
season. Disease pressure on the fairway was consistent with previous years. The majority of the
treatments provided control of <20% disease incidence.

Evaluations of the plots were about average for Vail even though the amount of snow cover
received in the central Rocky Mountains was substantial. The plots were evaluated based on a percent
of disease incidence per treatment that more accurately represents the actual disease present in each
treatment/plot. The plots at Vail, CO showed results consistent with increased disease pressure as
evidenced by the untreated control results. Results were calculated using SAS system proc glm
calculating the means of the four replications and using Fisher’s Protected Least Significant Difference
(a=0.05).

Table 1. Snow mold fungicide trials at Vail Golf Club, Vail, CO

Treatment and Rate/1000 sq. ft. (unless otherwise noted) Disease Rating

Interface 24.55C 6.0 fl 0z + Triton FIO3667SC 0.85 fl 0Z ..cccuvvveieeiiiieeeieeeeee e 0.00g
Pegasus HPX 2.75 fl oz + Kestrel MEX 1.3ME 2.0 fl oz + Dovetail 39.34.0fl oz +
Disarm 480SC 0.18 fl oz FB Pegasus HPX 2.75 fl oz + Kestrel MEX 1.3ME 2.0 fl oz +

Dovetail 39.3 4.0 fl 0z + Disarm 480SC 0.18 fl OZ....ceeeuriiiiiiiiiiiciie et 0.00g
Torque 3.6SE 0.9 fl 0z + Clearys 26/36 4.0 fl 0Z.......coccvevieieecieeie ettt 0.75g
Instrata 3.61SE 5.5 fl 0z FB Instrata 3.61SE 5.5 fl 0Z......ccviviiiiiiiiiiie e 0.75g
Reserve 4.85C 5.4 fl 0z + Interface 24.5S5C 6.0 fl 0Z .....uvveeeeciiieiciee e 1.00g
Torque 3.6SE 0.6 fl 0z + Clearys 26/36 4.0 fl 0Z.......ceccuveirieieecieeieccreceeeseecee e eeve v stee e 1.00g
Instrata 3.61SE 5.0 fl oz + Medallion 50WP 0.25 oz + Banner MAXX 1.3ME 2.0 fl oz +

DacoNil URFEX 82.5WDG 2.0 OZ.....ueeeeeiuriieeeiiiieeeiieeeeeitreeesstseseesisseesssssseesssssseesssssseesssssesssssssesenns 1.25¢g
Peregrine 66WDG 6.0 oz + Kestrel MEX 1.3ME 2.0 fl oz FB

Peregrine 66WDG 6.0 0z + Kestrel MEX 1.3ME 2.0 fl 0Z....ccvvvviviiieeieiieeeceeecccee e 1.25¢g
Instrata 3.61SE 11.0 fl 0z + Medallion 50WP 0.25 0Z .....cceeciiieeeiiieeeecieeeeecieeeeeeveeeeeeireeeeenaeeaeas 1.75g
INSTrata 3.61SE 11.0 fl OZ.....ueeiii ettt e e et e e e e ta e e e e ata e e e esasseeeensaeeaaan 3.00e-g
Torque 3.6SE 0.6 fl oz + Affirm WDG 0.9 0z + Spectro 90WDG 3.67 0Z ....cuvveeeecureeeeeciieeeecireenn. 3.75e-g
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Instrata 3.61SE 9.0 fl oz + Banner MAXX 1.3ME 2.0 fl oz + Daconil Ultrex 82.5WDG 2.0 oz........ 3.75e-g
Pegasus HPX 5.50 fl oz + Kestrel MEX 1.3ME 4.0 fl oz + Dovetail 39.3 8.0 fl 0z +

Disarm 480SC 0.36 fl OZ...ceecuiieiiiiiiee ittt e et e e st e e e s saa e e e e ba e e e snnrreeeearaeeeean 4.00e-g
Reserve 4.85C 5.4 fl 0z + COMPass SOWG 0.25 0Z ...cccuvieeiriiiieeriiiieesiiieeessieeeessseeeessseeeesssseeesas 4.50e-g
Torque 3.6SE 0.6 fl 0z + Affirm WDG 0.9 OZ.......uuviiiieiieiciiieieee ettt e e e e e e e e e e e e nnraeee e 4.50e-g
Instrata 3.61SE 9.0 fl oz + Medallion 50WP 0.25 oz + Banner MAXX 1.3ME 2.0 fl oz +

DacoNil URIEX 82.5WDG 2.0 OZ......eeeeiiriieeeiieeeeeiieeeeeitteeeeiteeeesstsaeessssseessanssseesssssssesssssesessssesenns 5.00e-g
Curalan EG 50WG 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 oz FB

Insignia 20WDG 0.54 oz + Trinity 1.67SC 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 0z................... 5.25e-g
Torque 3.6SE 0.6 fl oz + Clearys 26/36 4.0 fl 0z + Spectro 90WDG 3.67 OZ......cceeeeuveeereeecrerennnenn. 6.25e-g
Interface 24.5SC 3.0 fl oz + Triton Flo 367SC 0.5 fl oz FB

Interface 24.55C 3.0 fl 0z + Triton FIo 367SC 0.5 fl 0zZ....ceveeiiieiciee e 6.25e-g
Torque 3.6SE 0.9 oz + Clearys 26/36 4.0 fl 0z + Spectro 90WDG 3.67 0Z.....c.ccccveeeerveecveeecrerennnenn. 7.50e-g
Insignia 20WDG 0.7 oz + Trinity 1.67SC 1.5 fl oz + Daconil Ultrex 82.5WDG 3.2 oz........c..c......... 8.50e-g
Banner MAXX 1.3ME 2.0 fl oz + Daconil Ultrex 82.5WDG 5.5 0Z......ccccuveercriieeeiiireeecieeeeecveeeens 8.75e-g
Interface 24.55C 5.0 fl 0z + ReServe 4.85C 5.4 fl OZ ..cccccovvreeeei ettt 11.25e-g
SPECTIO TOWDG 5.0 07 .eeiiiiiiiiiiiiiieeee ettt e ettt e e e e s s sttt e e e e e e s ssbtbeaeeeeesssanssssaaaeeessssansenes 19.25d-f
Insignia 20WDG 0.54 oz + Trinity 1.67SC 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 0z.......cccuvven... 20.00c-e
Instrata 3.61SE 5.0 fl oz + Banner MAXX 1.3ME 2.0 fl oz + Daconil Ultrex 82.5WDG 2.0 oz........ 32.50cd
Honor 28WG 0.84 oz + Trinity 1.67SC 1.0 fl oz + Daconil Ultrex 82.5WDG 3.2 07 .....ccvvevevuvvennn. 34.50cd
Torque 3.6SE 0.9 fl 0z + Daconil Ultrex 82.5WDG 5.5 0Z.....c..ceeerciveieriiieeesiiieeessieeeeesieeeessvneeeens 36.25c
Torque 3.6SE 0.6 fl 0z + Daconil Ultrex 82.5WDG 5.5 0Z.....c..uevivciieieriiieeeeiiieeescieeeeesieeeessieeeeens 60.00b
UNtreated CONTIOl. . i e ieies ittt ee e et e eeee et e eee et e eeteeeeeeeeeeeeseeeeeeasreeesanseeeeeas 90.00a
LSD (00=0.05) .uveeeiiuteeeeeiiuueeeeiteeeeeeitseeeeeausseeeeassseeeeassseeeeassseeesansssseeassseeetasssseeeanssssesanssssesanssssesassnseesan 16.37
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APPENDIX 3

OPTIMIZING THE GC/MS PROTOCOL
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The process of optimizing the GC/MS protocol using chlorothalonil analytical
standards was started in August of 2005. The objective was to determine the amount of
chlorothalonil recovery we could expect. Initially, the concentrations used were 10, 25,
50, 75 and 100 ng/ml dilutions of a 0.1 mg/ml analytic standard of chlorothalonil in
acetylnitrile combined with 10 pl of a 0.5 ng/ml butylate internal standard stock solution
(50 pl of butylate in 100 ml toluene). This initial run on the GC/MS was satisfactory and
the process continued. The analytical standards along with the internal standards were
run three separate times and worked well, so the next step was to see which solvent(s)
would work best to extract chlorothalonil from leaf tissue. Since chlorothalonil is a non-
polar solution, water is the extraction medium of choice to get it off the turf tissue,
however, water cannot be used in the GC/MS runs. Toluene is generally the solvent of
choice for the machine. A mixture of acetone or methanol and water at various
percentages (25, 50 or 75%) as first solvent solutions were attempted. After the
extraction process, the acetone or methanol was evaporated using a RapidVac at 50°C,
60 vortex speed, then adding toluene to the remaining water to extract the chlorothalonil
into the toluene. These results were acceptable, but not good. The next step was to try
acidifying the solution of acetone and water using 0.5% phosphoric acid. With this
extraction method, we only recovered approximately 80% of the chlorothalonil standard.
Using acetone as an extraction solvent also increased the amount of chlorophyll
extracted when using inoculated turf. After experimenting with several iterations of
acetone/water or methanol/water extraction methods, it was determined that neither
acetone or methanol would be an acceptable solvent to extract chlorothalonil. Also,

because of the increased amount of chlorophyll extracted along with the chlorothalonil,
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the results of acetone and methanol were not acceptable. Also, in the presence of
acetone and acetonitrile (MeCN), chlorothalonil would degrade in the clear sampling
vials but remain stable in amber colored vials (Mastovska and Lehotay, 2004). After
experimenting with several iterations of acetone/water and methanol/water using
inoculated turf and tomato plants, and still having to use toluene as the end solvent for
the GC runs, it was decided to try extracting directly into toluene. Since the vials used
for sampling were clear, toluene was the superior exchange solvent. It was also
determined that the starting weight of 1g of turf tissue was too large a sample size. In
optimizing the protocol, it was determined that 0.20g turf tissue in 10 ml diH20 and 10
ml toluene would extract an amount of chlorothalonil that would not overwhelm the

GC/MS and would produce consistent results.
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