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INTRODUCTION improved health and safety), and aesthetion North America (Couch, 1995). The persis-
benefits (e.g., improved aesthetic value antbnt nature of this disease in turfgrass swards

Turfgrasses have been utilized by humansommunity pride) (Beard and Green, 1994often requires intensive control measures. As
for >10 centuries to enhance their environGordon et al., 1996). Because of these eca-result, more money is spentto manage dollar
ment, but the modern turfgrass industry devehomic and environmental benefits, turfgrasspot than to control any other turfgrass dis-
oped primarily during the past three decadeand turfgrass health have become increasingbase on golf courses (Goodman and Burpee,

largely in response to increased populatiomportant. 1991).
growth and urbanization. Turfgrass culture Dollar spot Eclerotinia homoeocarpgaT.
represents an important economic componeBtennett) is one of the most important diseases DISEASE SYMPTOMS

of horticulture in North America with annual that affect turfgrass; it can cause considerable
expenditures of $25 to $45 billion in the Uniteddamage, particularly to highly maintained golf  On individual blades of grass, the first
States between 1982 and 1993 (Beard amdurse putting greens, closely mown fairwayssymptom of disease is yellow-green blotches
Green, 1994; Gibeaultand Cockerham, 1985and bowling greens (Goodman and Burpeehat progress to a water-soaked appearance
In return, turfgrass provides numerous bent991). This disease can also damage less i(Bmith, 1955). As the disease advances, in-
efits, including functional (e.g., reduction oftensively managed turfgrass grown orfected tissues bleach to a straw-colored tan
soil erosion, pollution, and noise), recreationahomelawns, recreational and athletic facili-with reddish-brown borders, and lesions often
(e.g., provision of recreational surfaces foties, and educational or industrial propertieenlarge across the entire leaf (Fig. 2) (Smiley
Dollar spot reduces the aesthetic and playingt al., 1992; Smith, 1955). Reddish-brown
quality of infected turf, and can contribute tdesion borders do not typically occur on annual
Received for publication 13 Nov. 1997. Acceptedveed encroachment and plant death (Fig. bluegrass Foa annual.) (Couch, 1995;
for publication 3 May 1998. We gratefully acknowl- (Smith et al., 1989). Dollar spot is a wide-Vargas, 1994). Usually, entire leaves are
edge the taxonomic assistance of Carole Ann Lacrokpread diseasthat affects many turfgrass blighted but, in some cases, only portions of a
of the Univ. of Guelph Herbarium, and the financialspecies throughoutorth America, Central leaf become necrotic (Couch, 1995; Smiley et
assistance of the Natural Sciences Engineering aityarica, Austriia, New Zealand, Japan, al., 1992).
Research Council and the Ontario Ministry of Agri e “pgritish |sles, anctontinental Europe  Symptoms ofdollar spot on turfgrass swards
culture, Food and Rural Affairs. The cost of publish- - . . :
ing this paper was defrayed in part by the payme,(pouch, 1995; Fenstermacher, 1980; Vargasary accordlng to turfgrass species and man-
of page charges. Under postal regulations, this papeP94). Except for western Canada and thagement practices. On closely mown turf, such
therefore must be hereby markadvertisement Pacific northwest region of the United Statesas that on golf course putting greens, sunken,
solely to indicate this fact. dollar spot is the most common disease of tudircular, straw-colored patches develop that
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Fig. 1. Dollar spot of turfgrass reduces the aesthetic and playing quality of infected turf in recreational activitiesgsifichrmscan contribute to weed
encroachment and plant death. An on-site electronic weather station that monitors environmental variables that influenseveittgasuch as air
temperature, relative humidity, and leaf wetness duration, is shown in the lower right.
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range in size from a few blades of grass to
spots the size of a silver dollar (5.0- to 7.5-cm
diameter) (Smith, 1955), hence the name “dol-
lar spot” (Fig. 3) (Couch, 1995; Vargas, 1994).
Necrotic patches stand out because they con-
trast sharply with adjacent healthy turfgrass. If
disease progresses, these necrotic patches coa-
lesce to form larger areas of necrotic, straw-
colored turf (Couch, 1995; Smith, 1955). As
mowing height is increased on golf course
fairways, parks, and home lawns, these straw-
colored patches of blighted grass range from 6
to 12 cmin diameter, but may coalesce to form
large, irregularly shaped areas of injured turf
(Couch, ;995)' . Fig. 2. Individual lesions of dollar spot, caused3zyerotinia homoeocarp@n Kentucky bluegrass.
In addition to symptoms of disease, myce-
lial growth of the pathogen also can be ob-
served. When dew is present on leaves, or
during extended periods of high relative hu-
midity, white cobweb-like aerial mycelia of
the pathogen can be seen growing on the
surface of turf and extending from leaf to leaf
(Monteith and Dahl, 1932; Smith, 1955). How-
ever, mycelia can also be confused with spider
webs, downy seed tufts of cottonwood trees
(Populusspp.) (Smiley, 1983), and mycelia of
Pythium RhizoctoniaandNigrosporaSmiley
et al., 1992). Therefore, correct diagnosis of
disease is dependent on additional informa-
tion, such as climatic conditions, history of the

site, management practices, and isolation of ) o )
the pathogen. Fig. 3. Typical symptoms of dollar spot, causedSolerotinia homoeocarpa@n creeping bentgrass.

THE PATHOGEN

The pathogen that causes dollar spot is
currently classified aS. homoeocarpdnow-
ever, the taxonomic status of this causal agent
remains controversial. Most authorities be-
lieve this fungus will eventually be reclassi-
fied, but difficulty in obtaining reproductive
structures for study has prevented resolution
of its taxonomic classification.

In 1932, Monteith and Dahl first described
the symptoms of dollar spot and considered
the fungus to be Rhizoctoniasp. based on its
similarity to brown patchR. solaniKihn) of
turfgrass. Later, Bennett (1937) examined isQrjg. 4. variation in culture morphology among isolateSolerotinia homoeocarpahe causal agent of
lates of the pathogen recovered from diseased dollar spot.
turf from Britain, the United States, and Aus-
tralia, and categorized these isolates into three
distinct strains of the fungus, described asassigned the species nammemoeocarpao cate median septum during germination, and
a) a “perfect strain” of British origin that these isolates because the “perfect strain” @ommonly measured 16x05.5um.
produced ascospores and conidia; b) ahe fungus produced cupulate or apothecial- In 1945, Whetzel described the family
“ascigerous strain” of British origin that pro- shaped structures for production of both conidi&clerotiniaceae, restricting the genus to in-
duced ascospores and microconidia; and end ascospores. clude fungi in which the apothecium arose
“non-sporing strains” of British, American,  The original description &. homoeocarpa from a tuberoid sclerotium that was formed
and Australian origin that did not produceby Bennett (1937) can be summarized as tifeee on aerial mycelium. Based on these crite-
ascospores, but did occasionally produce rudiperfect” strain having cupulate (0.5-0.8 mmyia, S. homoeocarpaas excluded from this
mentary apothecial initials. All three strainsto disk- or funnel-shaped (1.0-1.5 mm) apothfamily (Kohn, 1979a; Whetzel, 1945) because
were considered a single fungus, despite diécia, pale cinnamon to dark brown in colorfrue sclerotia have not been found on turf
ferences among individual strains in ascospomith prosenchymatic exciples, arising fromaffected by dollar spot (Baldwin and Newell,
size, and the presence of conidia or ascosporesicrosclerotia or expansive sclerotial flakesl992). Bennett (1937) reported conidia were
or both. Comparisons of pathogenicity werer patches. The apothecial stalk was cylindriproduced by the perfect strain, but other re-
not reported. Bennett (1937) noted that apotteal, slender, flexuous, 5to 10 mm long, arisingearchers have not found conidia (Baldwin
ecia occasionally arose from small aggregatesingly or in clusters, simple or branched in thend Newell, 1992; Jackson, 1973; Smith, 1955).
of sclerotial cells, termed “micro-sclerotia”. upper part. Asci were cylindroclavate, inoperWhetzel (1946) and Jackson (1973) consid-
He therefore considered the fungus to be @ulate, and commonly measured 150 to 265 ered this fungus to be eitheRatstroemiap.,
Sclerotiniasp. Fuckel., based on the broad 0.4um. Ascospores were in groups of eightpr possibly synonymous with a previously
definition of this genus at that time, whichuniserate, hyaline, oblong-elliptical, bi-described fungusCiboria armeriae Von
included fungi that produced conidia. Bennetguttulate, unicellular, often developed a deliHohnel. Vargas and Powell (1997) recently
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proposed th&. homoeocarpaas mostclosely eases within a region are recommended for CULTURAL CONTROLS
related tdRutstroemia henningsiariRloettn.) improved disease management (Schroederand

Dennis, andRutstroemia cuniculiwith 88% Sprague, 1994). Cultural practices can be very effective for
similarity based on nuclear ribosomal internal the management of dollar spot in turf. Most
transcribed spacer 1 sequence alignment. How- EPIDEMIOLOGY fungi require free water on the leaf surface to
ever, the taxonomy &ustroemiadesignated infect; therefore, the amount and duration of

by White (1941), was deemed uncertain by Sclerotinia homoeocarpé believed to leaf wetness is an important factor in dollar
Dumont and Korf (1971). Hence, the taxo-overwinter as darkly pigmented stromata respot occurrence (Williams et al., 1996). Will-
nomic status of this fungus was uncertain andhaining on margins of dollar spot lesions fromiams (1993) found that dew displacement on
remained a$. homoeocarpa previous epidemics (Britton, 1969; Couchturfgrasses reduced leaf wetness duration by
Kohn (1979a), in a monographic revision1995; Smiley et al., 1992). Fenstermacheseveral hours. To minimize the dew period,
of the genusSclerotinig concluded thaS. (1980) suggested th& homoeocarpaore the following practices have been suggested:
homoeocarpavas not a tru&clerotiniasp. likely survives as dormant mycelium in in-pole, syringe, and mow turf in early morning
and, based on personal communication witfected grass crowns and tissues. The pathogenremove water, and prune or remove trees
Korf (Kohn, 1979a), proposed that it wasprimarily infects leaves via mycelial growthand shrubs to increase air circulation and solar
moreappropriately classified ibanzia Sacc into cut leaf tips and stomata, but direct perradiation so dew dries more quickly. In addi-
andMoellerodiscusienn. Furthermore, Kohn etration into the leaves also occurs (Enddijon to rain, evening irrigation, and dew, gut-
(1979b) suggested that symptoms attrib1966; Monteith and Dahl, 1932). Tradition-tation fluid also contributes to water on the leaf
uted todollar spot were caused by more tharally, conidia and ascospores were believed gurface (Vargas, 1994; Williams, 1996). Exu-
one species. If this suggestion is correct, theme of minor importance to the spread of disdates from creeping bentgrasag¢ostis
the correct term for dollar spot would be “dol-ease because these propagules were rargigiustrisHuds.) constituted about one-third of
lar spot syndrome” (Jackson, 1973; Smileypbserved in nature. However, fertile apothecithe dew accumulation and contained sugars
1983). in turf swards were reported, suggesting thand amino acids that served as a nutrient
Continued assessment of the taxonomiascospores are a potentially important sourc®urce for the fungus (Williams, 1996).
classification of this pathogen has been presf initial inoculum in the spring (Baldwinand  Moisture stress can also predispose turf to
vented by the recalcitrant nature of isolates thlewell, 1992). Local distribution of dollar dollar spot. Turfgrass suffering from moisture
produce teleomorph or anamorph structurespot occurs when mycelium grows from atress in greenhouse studies was more suscep-
Fertile apothecia are rarely observed in naturdiseased leaf to a healthy leaf in closéble to disease (Couch and Bloom, 1960) and,
and cultures on artificial media (Fig. 4) oftenproximity. Over larger areas, the pathogen igs aresult, there may be a higher prevalence of
yield sterile apothecia (Baldwin and Newell,distributed by physical displacement of thelollar spot during dry seasons. A heavy thatch
1992; Fenstermacher, 1970; Jackson, 1973ungus. Humans can transport infested andyer contributes to low soil moisture because
Production of fertile apothecia by isolates ofliseased material, such as grass clippings, @rinhibits water penetration into soil. Irriga-
the pathogen and satisfaction of Koch’s postuhe bottoms of golf shoes, on golf cart tirestion to maintain soil moisture content above
lates are required to clarify the proper namand on maintenance equipment, such as mow5% of field capacity will reduce disease se-
and taxonomic position of this pathogen. Reers, sprayers, and irrigation hoses (Smitherity (Couch, 1995). A lack of sufficient
cently, fertile apothecia were reported froml955). nitrogen (N) fertilizer will predispose foliage
stromata in field samples dfestucaturf Environmental factors affect the rate ofto dollar spot infection and disease severity
(Baldwin and Newell, 1992), and this reportdisease progress. Controlled temperature efEndo, 1966; Freeman, 1969; Watkins and
may stimulate renewed interest in taxonomiperiments revealed that the minimum, optiWit, 1995).Sclerotiniahomoeocarpaquires
assessments of this pathogen. Proper taxmal, and maximum temperatures for growttan available food base for growth and appres-
nomic placement of the pathogen responsiblef S. homoeocarpaere 4.5, 26.8, and >32  sorium formation; thus, plants that are N-
for dollar spot remains unresolved (Rossmarf32 °C was the highest temperature tested atressed are more likely to develop senescent
1987); hence, for the remainder of this reviewyhich the fungus still grew), respectively, orfoliage that is more susceptible to infection
the causal agent(s) of dollar spot is referred tpotato dextrose agar (PDA) (Endo, 1963)than plants receiving adequate N (Endo, 1966).

asS. homoeocarpa. Sclerotinia homoeocarp#s likely to infect Applications of N can be used to suppress
and cause disease at temperatures rangidgllar spot (Cook et al., 1964; Markland et al.,
HOST RANGE from 15 to 27C (Couch, 1995; Endo, 1963),1969) because N-supplemented grass grows

but reaches its peak growth rate and maximumore quickly; therefore, more frequent mow-
Sclerotinia homoeocarpaan cause dis- pathogenicity when temperatures are betweeng removes necrotic tissue during times when
ease in at least 40 plant hosts, but most ho28 and 27°C and atmospheric humidity is microclimate is less favorable for growth of
are classified within the grass family Poaceae:85% (Couch, 1995; Endo, 1963). Although ithe fungus (Couch, 1995). Collection and dis-
Additional hosts have been reported from theoes not infect roots directl8, homoeocarpa posal of clippings removes secondary inocu-
Cyperaceae (sedge family), Caryophyllaceakas been associated with a root-damagirlgm and may result in less disease. Markland
(pink family), Convolvulaceae (morning-glory mycotoxin produced at temperatures >15.8t al. (1969) proposed that vigorous plant
family), and the Leguminosae (pea family)’C. Culture filtrates o5. homoeocarpaon- growth reduced disease severity cause8.by
(Table 1). Dollar spot in the United Kingdomtained a nonionic and heat-stable chemicdlomoeocarpaSubsequently, Landschoot and
is primarily confined to fescues (Couch, 1995)that caused creeping bentgrass roots to ceddeNitt (1997) demonstrated that disease sup-
however, in North America, all commonly growth, thicken, and turn brownin color (Malcapression was positively correlated with dark-
cultivated turfgrass species are susceptible tamd Endo, 1965). Baldwin and Newell (1992reen turf, indicating that as N availability
S. homoeocarp&lthough all species are con-found that ascospores were released from fancreased, disease severity decreased. Appli-
sidered susceptible, variations in disease stle apothecia after incubation at 2L with a  cations of readily available N, in the form of
verity, and the ability to recover from diseasel2-h light cycle for 48 h, and ascosporeammonium nitrate and sewage sludge, effec-
occur among cultivars of some species (Donegerminated in water within 24 h at 2€. tively suppressed disease (Cook et al., 1964;
etal., 1994; Hodges etal., 1975, Hsiang, 1995here is considerable variability in responsélarkland et al., 1969). Activated sewage
Moss et al., 1995a, 1995b; Myer and Smejkatp environmental conditions among isolates afludge provided the greatest suppression, and
1995; Vincelli et al., 1997). Cultivars that areS. homoeocarpaecovered from various loca- also caused an increase in concentrations of
less susceptible to disease should be consitions (Bennett, 1937; Endo, 1963; Freemariron, copper, and zinc in plant foliage. Markland
ered as part of an integrated disease manadi967). In general, variants of dollar spot aret al. (1969) suggested that levels of these
ment program. Until resistant cultivars be-active from late spring to autumn when daybleavy metals in plant tissue were large enough
come available, blends of turfgrass cultivargre warm and humid with nights that result irto inhibit a fungal pathogen. The key to man-
that are tolerant or resistant to prevalent disseavy dew (Smiley et al., 1992). aging disease through N fertilization is mod-
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Table 1. Known hosts @clerotinia homoeocarpa

Scientific name Common name Reference

Caryophyllaceae (= Alsinaceae): Pink family

Sagina procumberisY Pearlwort Fenstermacher, 1970
Birdseye

Convolvulaceae: Morning-glory family*
Dichondra repeng.R.Forst. & G. Forst. B. micrantha Mercury bay weed Boesewinkel, 1977

Cyperaceae: Sedge family
Cyperus esculentusY Nutsedge Bain, 1964
Cyperus rotundus.

Carexsp. L. Sedge Whetzel, 1946

Leguminosae (= Fabaceae): Pea family

Arachis glabrataBenth® Perennial peanut Hoover & Kucharek, 1995

Poaceae (= Gramineae): Grass family

Agrostissp. L. Bentgrass Bennett, 1937; as cited by Smith, 1955

Agrostis albal.Y Redtop Beard, 1973; Britton, 1969; Couch, 1995; Sprague, 1950;

U.S. Dept. of Agriculture, 1960

Agrostis canind.. Velvet bentgrass Beard, 1973; Britton, 1969; Couch, 1995;
Fenstermacher, 1970; Smith, 1959; Sprague, 1950;
U.S. Dept. of Agriculture, 1960

Agrostis palustridHudsY Creeping bentgrass Beard, 1973; Britton, 1969; Couch, 1995,
Agrostis stoloniferd.. Fenstermacher, 1970; Smith, 1955; Smith, 1959;
Sprague, 1950; U.S. Dept. of Agriculture, 1960

Agrostis tenuigL.) SibthY Colonial bentgrass Britton, 1969; Boesewinkel, 1977; Couch, 1995; Smith,
New Zealand browntop 1955; Smith, 1959; Sprague, 1950; U.S. Dept. of
Rhode Island bentgrass Agriculture, 1960

Cynodon dactylofL.) Pers. Coastal Bermudagrass Bain, 1962; Beard, 1973; Britton, 1969; Couch, 1995;
Wiregrass Fenstermacher, 1970; Freeman, 1967
Bermudagrass

Cynodon incompletugar. hirautus Bermudagrass Beard, 1973

deWet et Harlah
Cynodon magenniskiurcombe Magennis Bermudagrass Beard, 1973
Cynodon transvaalensBurtt-Davy Bermudagrass Beard, 1973

African Bermudagrass
Transvaal dogtooth grass

Digitaria didactylaWilld. Blue couch grass Simmonds, 1958
Digitaria ischaemun{Schreb.) Muht. Smooth crabgrass Fenstermacher, 1970
Eremochloa ophiuroidéMunro.) Hack. Centipede grass Beard, 1973; Britton, 1969; Couch, 1995; Freeman, 1967
Festucasp. L. Fescue Bennett, 1937; as cited by Smith, 1955
Festuca elatiolL. = English bluegrags Couch, 1995
Festuca arundinace&chreb. Tall fescue
Reed fescue
Alta fescue
Festuca ovind.. = F. saximontan&ydb. Sheep fescue Britton, 1969; Couch, 1995; Smith, 1959; Sprague, 1950
Festuca ovinavar. duriuscula(L.) Koch Hard fescue Hodges et al., 1975
Festuca rubral. Red fescue Beard, 1973; Boesewinkel, 1977; Britton, 1969; Couch,
1995; Fenstermacher, 1970; Hodges et al., 1975; Smith,
1955
Festuca rubravar.commutataGaud.-Beaup. Chewing fescue Hodges et al., 1975; Smith, 1955

= Festuca fallaxThuill.

Holcus lanatud.. Common velvet grass Couch, 1995; Smith, 1955
Yorkshire fog

continued on next page

16 HorTtScience, VoL. 34(1), FEBruaRY 1999



Table 1. Continued.

Scientific name

Common name

Reference

Lolium multiflorumLam. =
Lolium italicum

Lolium perennd..

Paspalum notaturfligge.

Poasp. L.

Poa annua..

Poa arachniferarorr.
Poa aridaVasey

Poa pratensid..

Italian ryegrass
Australian ryegrass

Perennial ryegrass
Annual ryegrass

Bahia grass

Bluegrass

Annual bluegrass
Speargrags

Low bluegrass

Six weeks grass
Dwarf meadow grass

Texas bluegrass
Plains bluegrass
Kentucky bluegrass

June grass
Spear grass

Britton, 1969; Freeman, 1967

Wilkinson et al., 1975

Bain, 1962; Beard, 1973; Britton, 1969; Couch, 1995;
Fenstermacher, 1970; Freeman, 1967; Gudauskas and
McGlohon, 1964

Bennett, 1937; as cited by Smith, 1955

Beard 1973; Boesewinkel, 1977; Britton, 1969; Couch,
1995; Sprague, 1950; U.S. Dept. of Agriculture, 1960

U.S. Dept. of Agriculture, 1960
U.S. Dept. of Agriculture, 1960
Beard, 1973; Britton, 1969; Couch, 1995; Fenstermacher,

1970; Smith, 1955; Sprague,1950; Wilkinson et al., 1975;
U.S. Dept. of Agriculture, 1960

Poa trivialisL. Rough bluegrass Smith, 1959
Rough-stalk bluegrass
Rough-stalk meadow grass

Puccinellia maritima Seaside alkali-grass Halcrow, 1965

(Hudson) Par.
Stenotaphrum secundatum St. Augustinegrass Beard, 1973; Britton, 1969; Freeman, 1967
(Walt.) O. Kuntze
Zoysia japoniceSteud. Zoysia gra$s Beard, 1973; Britton, 1969; Couch, 1995
Korean or Japanese lawngrass

Zoysia matrellaL.) Merrill. Manila grass Beard, 1973
Zoysia grass
Japanese carpet grass
Zoysia tenuifoliawilld. Muscarene grass Beard, 1973; Couch, 1995
ex. Trin. Korean velvet grass

zAll plants were classified according to Bailey and Bailey (1976) unless indicated otherwise.
YTaxa classified according to Gleason and Cronquist (1991).

*Families classified according to Smith (1977).

“Taxa classified according to Brako et al. (1995).

YTaxa classified according to Hitchcock (1971).

eration (Fenstermacher, 1980), because insybetweiler et al., 1983), and demethylatiorceased, indicating thatthey possessed increased
ficient fertilization will lead to dollar spot— inhibitors (DMIs) (Golembiewski etal., 1995) fithess (Warren et al., 1977). Once resistance
susceptible turfgrass and excessive fertilizédras been reported from various regiongeveloped, these fungicides continued to be
tion can promote other diseases. throughout the United States. To compouniheffective against the pathogen, even if tem-
this problem, strains d. homoeocarpthat porarily removed from the management pro-
FUNGICIDES AND FEUNGICIDE are resistant to one fungicide are often crosgram (Warren et al., 1977).
RESISTANCE resistant to other fungicides that share the When firstintroduced in the late 1960s, the
same mechanism of action (Cole et al., 1974ienzimidazole-type systemic fungicides pro-
During the last 40 years, fungicides haveésolembiewski et al., 1995; Warren et al.vided excellentdisease control atlow dosages.
been the most successful tool for managing974). However, resistant biotypes of the pathogen
dollar spot. Often, numerous applications of From the 1940s to the mid-1960s, cademerged relatively quickly (Fenstermacher,
fungicides are required to maintain diseasenium-based fungicides were used for dollai980; Smith et al., 1989; Vargas, 1994). War-
free turf throughout a growing season and, agpot management with excellent resultsen et al. (1977) demonstrated that the benz-
a result, resistance 8t homoeocarpto fun- (Fenstermacher, 1980). By the late 1960$mnidazole-resistant strains collected from the
gicides has posed an ongoing challenge to thewever, several cases of cadmium toleraneastern and midwestern United States were
turfgrass industry. Resistance to heavy metalwere reported, and toleranc&ohomoeocarpa less fit in fungal populations of the pathogen,
based fungicides (Cole et al., 1968; Massie &b mercuric fungicides also became widespreaahd that populations would revert to the wild-
al., 1968), benzimidazoles (Cole et al., 1974Cole etal., 1968; Fenstermacher, 1980; Masdigpe after discontinuation of benzimidazole
Detweiler et al., 1983; Goldberg and Colegt al., 1968; Smith et al., 1989). Cadmiumapplication. In contrast, Vargas (1994) stated
1973; Warren et al., 1974), anilazinetolerant strains became predominant and réhat tolerant strains were more fit and domi-
(Nicholson et al., 1971), dicarboximidesmained after cadmium fungicide applicationsated wild-type populations long afteppli-

HorTtSciencE, VoL. 34(1), FEBruaRY 1999 17



FEATURE

cation ceased. Increases in disease severgct effects on nontarget microorganismsesponse to N amendments (Landschoot and
resulted when creeping bentgrass colonizg@miley and Craven, 1979) and these effectdcNitt, 1997).

with a strain of benzimidazole-resistait may influence the development of diseases Despite the efficacy of several of these

homoeocarpavas treated with this group of such as dollar spot. Significant increases iarganic amendments, no information was pro-

fungicides (Couch and Smith, 1991). disease severity following the termination ofvided on mechanisms of action. Markland et
Resistance d8. homoeocarp@ DMI fun-  fungicide treatments may be related to suchl. (1969) found no correlations between dis-
gicides was reported 11 years after the intreeffects (Melzer and Boland, 1998). ease reduction by the treatments and microbial
duction of this family of fungicides for man- activity, soil pH, or fertility. Liu et al. (1995),
agement of dollar spot in the United States BIOLOGICAL CONTROL however, established that the ability of se-
(Doney and Vincelli, 1993; Golembiewski et lected organic amendments to suppress dis-

al., 1995; Vargas et al., 1992). These fungi- Several biological control strategies forease was correlated with increased popula-
cides were registered for use on turfgrass imanagement of dollar spot have been investiions of naturally occurring microorganisms
Canada in 1994; however, prior to registratiogated and, in general, these strategies fall into turf. For example, treatment of a creeping
oneisolate d&. homoeocarpund in Ontario two approaches. One approach is through theentgrass putting green with Ringer Turf Re-
had reduced DMI sensitivity (Hsiang et al.application of nutrients and organic amendstore and Ringer Greens Super substantially
1997a). Resistance probably became a prolrents to stimulate naturally occurring populasuppressed dollar spot incidence (Liu et al.,
lem in Canada because of transportation dions of microorganisms in the phyllosphere1995) and significantly increased populations
isolates across the border, or from nonlabdlhe second approach is the more typical use of soil microorganisms. Plots of creeping
use of the fungicides (Hsiang et al., 1997ajnnundative applications to turf of specificbentgrass treated with Ringer amendments or
Hsiang et al. (1998) found that there was bacteria and fungi known to suppress diseasemmonium nitrate had higher fungal and bac-
slight fitness cost for resistant isolates, whiciMost biological control strategies evaluated teerial populations on grass, thatch, and soll
supports the recommendation that DMI fungidate have been less effective than fungicidethan plots treated with other organic amend-

cides not be used when the incidence of dolldout several merit further investigation. ments or the untreated control. According to
spot is severe, or in consecutive years Lui etal. (1995), these higher microbial popu-
(Golembiewski et al., 1995; Vargas et al.Nutrients and organic amendments lations resulted from increased plant growth in
1992). This strategy reduces selection pres- response to the fertilizer N content, the intro-

sure on wild-type populations of the pathogen, Several studies compared the influence afuction of microorganisms in the treatments,
allowing themto remain dominantin the popuorganic amendments, such as commerciallye stimulation of native microbe populations,
lation. available organic fertilizers, composts, anar combinations of these factors.

The occurrence of pesticide resistancsludges, onsuppression of dollar spot (Hoyland Topdressings of other organic materials,
among populations & homoeocarpa com- and Landschoot, 1993; Landschootand McNitsuch as autoclaved grain previously colo-
pounded by the development of multiple-re1997; Liu et al., 1995; Nelson and Craftnized byFusarium heterosporuniNees:Fr.
sistance to fungicides in various families. Ben1991a). Several composts suppressed doll@eleomorph:Gibberella gordoniaBooth)
zimidazole-resistant strains with resistance tepot severity but there was substantial varigGoodman and Burpee, 1991), wheat-bran
cadmium (Warren et al., 1974, 1977) otion in their efficacy. In one study, the organiqTriticum aestivunh..) (Schumann and Reuter,
dicarboximides (Detweiler et al., 1983) havdertilizer Ringer Compost Plus (Ringer CP)1993), autoclaved sand-oatme&léna sativa
been reported. Some DMl-resistant strainfRinger Corp., Minneapolis) provided sub-L.), and sodium alginate-oatmeal formula-
havebeen found that are multiresistant tcstantially greater disease suppressionthan tretibns (Zhou and Boland, 1998b), suppressed
benzimidazole and dicarboximide fungicidesment with iprodione [3-(3,5-dichlorophenyl)- dollar spot when included as experimental
(Golembiewski et al., 1995; Vargas et al.N-(1-methylethyl)-2,4-dioxo-1-imidazolidine controls in evaluations of biological control
1992). Although resistance was more likely te¢arboxamide] (Nelson and Craft, 1991a). Efagents (BCAs). In each of these experiments,
occur in isolates that already possessed réective disease suppression was evident up the authors reported reduced disease severity
sistance to another fungicide group, pathogeh month following application of Ringer CP in plots treated with organic substrates that did
strains that were double- or multiresistant tand the organic fertilizer Ringer Greens Renot contain live organisms (e.g., formulation
dicarboximides did not persistin turf once usstore (Nelson and Craft, 1992). However, Tontrol) in comparison with plots receiving no
of that group of fungicides was discontinuednonth after a second application, propiconareatments whatsoever (i.e., experimental con-
(Vargas, 1994; Vargas et al., 1992). Howevegole {1-[(2-(2,4-dichlorophenyl)-4-propyl- trol). Results such as these may support the
strains with benzimidazole and DMI resis-1,3-dioxolan-2-yl)methyl]-H-1,2,4-triazole} suggestion that stimulation of naturally occur-
tance were persistent (Vargas, 1994). was more effective than the organic fertilizersting microbial populations by sterile amend-

Fungicides are applied to turfgrass at regusome disease suppression resulted from apphients is related to disease suppression. Alter-
lar intervals, but with an accurate diseasezations of sludge composts and of Sustanm&tive mechanisms may also contribute to this
forecasting model, fungicides could be apturkey litter compost (Sustane Corp., Cannoaffect, such as growth stimulation by nutrients
plied only when weather conditions are favorfFalls, Minn.) (Nelson and Craft, 1992; Soikain organic materials or the presence of antimi-
able for fungal activity, thereby reducing seand Sanders, 1991). In contrast, Hoyland anttobial metabolites in heat-killed, colonized
lection pressure for resistant strains of theandschoot (1993) found little suppression ofubstrates.
pathogen. Recommendations for chemicalisease by Ringer CP, with effects comparable
application have often emphasized the use & applications of a high rate of Sustane. Thgjicrobial antagonists
tank mixes of fungicides with different modesorganic fertilizers, Harmony/KLM and Ringer
of action (Urech, 1988). This strategy is be€ommercial Greens Super, and the synthetic Inundative applications of bacteria and
lieved to provide effective disease control whildertilizers, urea and Nitroform, provided simi-fungi known to suppress dollar spot have been
reducing the risk of developing fungicide-larlevels of disease suppression (Hoyland aridvestigated, with varying degrees of success.
resistant pathogen biotypes (Coudl995). Landschoot, 1993). Landschoot and McNitTopdressings prepared from cornmeal-sand
Sanders et al. (1985) reported that hate  (1997) demonstrated that organic fertilizers(Zea mays.) mixtures inoculated with strains
(14.2 g product per 93 3 two component such as Ringer Commercial Greens Supeof Enterobacter cloacaglordan) Hormaeche
mixtures of benzimidazoles, dicarboximidesRinger CP, Sustane, Milorganite, and Harand Edwards were used to introduce this bac-
and sterol biosynthesis inhibitors providednony, were not superior in dollar spot supterial antagonist into creeping bentgrass put-
excellent suppression of dollar spot on creepression when compared with synthetic Ning greens naturally infested witB.
ing bentgrass. Reduced-rate fungicide applsources, such as urea. Further studies are femoeocarpgNelson and Craft, 1991b). In
cations may also reduce selection pressure fquired to define whether reduction in dollatthe first year, monthly applications of isolate
the development of resistance. spot is attributed to a microbial effect on th&ecCT-501 were as effective as curative rates

Fungicides can also have direct and indipathogen or increased vigor of the plant iof propiconazole in reducing disease severity.
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However, the following year, the same isolatéion, and the use of weather-predicted applica- The current status of biological control of
provided a lower and less persistent suppresens. turfgrass diseases can best be summarized as
sion of disease. Another isolate provided vari- Other microorganisms thathave beenideran emerging technology. Biological control
able disease suppression in both years, butwiified as antagonists d8. homoeocarpan- agents are currently in various stages of re-
the only treatment to provide significant sup€lude Rhizoctoniasp., Acremoniumsp. search and development, but the recent regis-
pression on the second rating date in the se@oodman and Burpee, 1998Jiocladium tration of BIO-TREK is an encouraging sign
ond year. The mechanisms of action respomnirensMiller, Giddens and Foster (Haygoodthat such products are becoming more com-
sible for disease suppression were not detesnd Mazur, 1990)Trichoderma hamatum mercially viable and available. Integration of
mined, but this test was performed on 60-yeafBonord.) Banier strain 382, aftvobacte- BCAs into integrated disease management
old swards believed to possess a diverse andm balustinunHarrison strain 299¢Grebus programs will provide the turf industry with
well-established microflora that restricted theet al., 1995). Although applications of thesalternatives to chemical fungicides, and per-
activity of E. cloacae The authors suggestedBCAs provided good dollar spot suppressiorhaps an effective tool to prevent the develop-
that this antagonist could be more effective ostudies that included a fungicide treatmententand spread of fungicide-resistant strains.
newer putting greens with a less diverse mieften achieved greater control.

croflora, as competition would be reduced Trichoderma harzianurRifai is a biopro- DISEASE FORECASTING
between the naturally occurring and artifitectant that has been tested against numerous
cially introduced microbial populations. fungal plant pathogens (Lo etal., 1996, 1997). Presently, fungicide and biological control

Topdressings of wheat-bran fortified with Trichoderma harzianunstrain T22 (KRL- treatments for dollar spot are applied to turf at
a Streptomycesp. were evaluated for their AG2) was recently registered with the U.Sregular intervals. In some crops, diseases can
ability to suppress dollar spot on a creepingnvironmental Protection Agency as a biobe forecast using disease prediction models
bentgrass putting green, but the results wetegical fungicide for control of fungal diseaseghat correlate weather conditions with sporu-
inconclusive (Schumann and Reuter, 1993)f turf, including dollar spot (BioWorks, Inc., lation, infection, or symptom expression
There was no correlation between total actindseneva, N.Y.). Marketed as BIO-TREK(Gillespie and Sutton, 1979; Gleason et al.,
mycete population and application of sterilgWilbur-Ellis, Fresno, Calif.), this biopro- 1995; Madden et al., 1978). Turf disease fore-
bran orStreptomyceifested bran. Either the tectant is the first biological fungicide ap-casters for anthracnoseéCdglletotrichum
application method did notincrease the isolatproved for turf in the United States. Whergraminicola (Ces.) G.W. Wils.] of annual
population, or the method of sampling turfgrasgtroduced into turf, strain T-22B rapidly colo- bluegrass (Danneberger et al., 1984); Rhizoc-
and soil cores did not provide an accurataizes the roots of plants, protecting thentonia blight R. solanj of creeping bentgrass
assessment of the populations present. through competition with, and mycoparasitisn{Schumann et al., 1994); brown patdR. (

Several microorganisms have been identief, the pathogen. However, this product is onlgolan) of perennial ryegras&§lium perenne
fied that are capable of producing antifungaéffective when applied as a preventive med-.) (Fidanza et al., 1996); and Pythium blight
compounds that suppress developmert.of sure. Once a pathogen penetrates the plamts turfgrass (Nutter et al., 1983) have been
homoeocarpa Strains of Pseudomonas and disease symptoms are apparent, an appdeveloped. In general, environmental vari-
fluorescensMigula and one strain oP. priate fungicide must be applied. Efficacyables, such as leaf wetness, relative humidity,
lindbergii (ATCC 31099) suppressed dollarstudies ofl. harzianunhave yielded conflict- rainfall, temperature, and solar radiation, are
spot on Kentucky bluegraddda pratensis.) ing results (Lo et al., 1996, 1997; Melzer andnonitored until conditions are conducive to
under controlled conditions (Hodges et al.Boland, 1998; Vincelli and Doney, 1997;pathogen development, and a fungicide is then
1994; Rodriguez and Pfender, 1997). Antagovincelli et al., 1996); therefore, further re-applied. Fungicide use is minimized because
nism toS. homoeocarpia creeping bentgrass search is required to improve the consistendyeatments are applied only when conditions
and bluegrass turf and grass clippingsFby of this biological control agent. are favorable for disease, and are not applied
fluorescenavas associated with pyrrolnitrin,  Hypovirulence refers to the reduced abilitywhen disease is unlikely. The development of
an antibiotic produced by the bacteriumof a pathogen to infect, colonize, kill, andan accurate model to predict dollar spot also
(Rodriguez and Pfender, 1997). In a 2-yeareproduce on susceptible host tissue (Ellistomyould be applicable for weather-timed appli-
field study,F. heterosporunsuppressed dol- 1982). Hypovirulence is often associated witltations of microbial antagonists (Boland and
lar spot symptoms by up to 93% (Goodmanhe presence of double-stranded RNAmith, 1992; Goodman and Burpee, 1991).
and Burpee, 1991). Treated plots continued t@sRNA), which is transmissible between in- Disease forecasting systems for dollar spot
show residual effects of the BCA treatment$ected and healthy isolates of the pathogemere proposed by Mills and Rothwell (1982)
into the following summer. Disease suppresThe use of “transmissible hypovirulence” toand Hall (1984). In the Mills and Rothwell
sion by the BCA topdressings was attributeduppress plant disease was reported for sq#&R) system, a fungicide application was
to inhibition of pathogen growth by antibiosis.eral plant pathogens (Anagnostakis, 1982ecommended when maximum air tempera-
This view was supported by topdressing wittElliston, 1982; Herr, 1995) and transmissibleure was=25 °C and maximum relative hu-
heat-killedF. heterosporugwhich provided hypovirulence associated with dsRNA alsanidity was=90% during any 3 d of a 7-d
disease suppression comparable with that @fas reported frorS. homoeocarp@&hou and period. Inthe Hall system, a fungicide applica-
topdressings that had not been heat-killed. IBoland, 1997, 1998b). In growth room condition was recommended after 2 consecutive
addition, in vitro tests confirmed that inhibi-tions, three hypovirulent isolates &. days of rainfall and a mean air temperature of
tory or toxic compounds were releasedrby homoeocarpauppressed disease by 51% ta22°C, or 3 consecutive days of rainfall and a
heterosporum 90% (Zhou and Boland, 1998b). In artificiallymean air temperature215°C. The accuracy

The efficacy ofF. heterosporumin sup- infested field plots, the hypovirulent isolateof these two disease forecasters was compared
pressing dollar spot of turf was compared in auppressed disease by up to 80% and disease 2-year study, but both models failed to
2-year field study with several other fungalsuppression was significant for 1 year postinpredict weather-related increases of dollar spot
antagonists ofSclerotinia spp., such as oculation. In naturally infested field plots, the(Burpee and Goulty, 1986). The M&R model
Alternaria sp., Cladosporiumsp., and hypovirulentisolate suppressed disease by ygedicted too many infection periods, and dis-
Epicoccumsp. (Boland and Smith, 1992).to 58% and, in most plots, disease suppressiease suppression resulted more from the high
None of these fungi were as effective as theias equivalentto treatmentwith chlorothalonifrequency of prediction-based fungicide ap-
fungicide iprodione, nor were they effective(tetrachloroisophthalonitrile). Although fur- plications and not the accuracy of the model.
under high disease pressuréusarium therepidemiological and efficacy studies nee@he Hall system failed to predict sufficient
heterosporumwas the most effective BCA to be conducted, this study demonstrates thiifection periods, resulting in poor disease
and suppressed disease by 32% to 49%. Thgpovirulent isolates have potential as an etontrol. Boland and Smith (1998) used a pre-
efficacy of this BCA could be increased byfective management tool for the control ofiminary dollar spot forecasting model in the
modifications in formulation, concentrationdollar spot and otheBclerotiniaincited dis- EnviroCaster (NEOGEN Corp., Lansing,
of the BCA applied, the frequency of applica-eases (Zhou and Boland, 1998a). Mich.) to time applications of biological agents.
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