
ABSTRACT 

MILLER JR, GERALD, LEO. Biology and Management of Fairy Rings on Golf Putting 
Greens. (Under the direction of Lane P. Tredway, and Larry F. Grand). 
 

 Fairy ring is a severe disease problem on golf putting greens in North Carolina and 

throughout the United States. Pathogen identification is difficult and very little is known 

about the etiology and management of this disease.   Basidiocarps and soil samples were 

collected from 15 bermudagrass and 30 bentgrass greens exhibiting fairy ring symptoms in 

CA, FL, HI, IL, OK, NC, SC and WI. Genomic DNA was extracted from 122 total samples.  

Extractions were made from mycelium isolated from puffball or mushroom context tissue, 

from mycelium isolated from a soil block, or through direct DNA extraction from infested 

soil. DNA was also extracted from 16 reference isolates for comparison to these unknowns. 

The internal transcribed spacer (ITS) region of ribosomal DNA was amplified and sequenced 

using the basidiomycete-specific primer sets ITS1f/ITS4b and Basid0001/2R. Most ITS 

sequences grouped into one of three clades, corresponding to species within the Family 

Lycoperdaceae: Arachnion album, Bovista dermoxantha, and Vascellum curtisii. This is the 

first report of Arachnion album in association with fairy ring formation.  Molecular 

identification was confirmed with morphological characterization of mature basidiocarps. 

Although many basidiomycete fungi have been associated with fairy ring on turfgrass, only 

five fairy ring forming species were detected in this survey of golf putting greens.      

 Soil DNA extraction and a PCR detection assay were also specifically evaluated for 

diagnosis and identification of fairy ring pathogens.  Genomic DNA was extracted from five 

soil samples from putting greens infested with fairy ring.  The ITS region was amplified and 

directly sequenced from soil DNA extracts, yielding a consensus ITS sequence for four of the 



five samples. Four to eight cloned PCR fragments were sequenced per sample. Clones 

showed high sequence similarity (99%) to directly sequenced ITS fragments, indicating 

homogeneity in the resultant amplicon sequence. Target rDNA sequences were amplified 

using primers specific to Vascellum curtisii and Bovista dermoxantha from both extracted 

soil DNA and DNA from known isolates.   However, several false positive amplifications 

also occurred.  Due to this lack of specificity in PCR detection assays, sequencing of the ITS 

regions using basidiomycete-specific primers may be a more viable alternative for detecting 

and identifying fairy ring pathogens.  

 Field experiments were conducted to evaluate the impact of application rate, 

application timing, fungicide + surfactant tank-mixtures, and irrigation timing on the efficacy 

of preventive DMI fungicide applications for fairy ring control. No statistical difference was 

observed between the level of control afforded by single applications of low and high rates of 

triadimefon and tebuconazole.  Single applications suppressed fairy ring early in the season, 

but did not provide season long control.  No statistical difference was detected between 

application timing events based on average 5-day soil temperature thresholds, but a data 

trend showed lower disease severity in plots treated with fungicide at 13°C and 16°C. Two 

spring applications of triadimefon or triticonazole provided less residual control when tank-

mixed with a surfactant than when applied alone.  Irrigation timing treatments did not affect 

preventive fungicide control. 

 An in vitro mycelial growth assay was used to determine the sensitivity [% 50 

effective concentration (EC50)] of 16 isolates representing major fairy ring species to the 

fungicides flutolanil, propiconazole, tebuconazole, triadimefon, and triticonazole.  No 

significant differences in fungicide sensitivity were detected among fairy ring species. 



Differences in in vitro sensitivity of isolates were detected among fungicides.  Isolates were 

most sensitive to tebuconazole (EC50 = 0.149) and triticonazole (EC50 = 0.263), moderately 

sensitive to propiconazole (EC50 = 0.371) and flutolanil (EC50 = 0.546), and least sensitive to 

triadimefon (EC50 = 0.821).     
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INTRODUCTION 

Fairy rings are a severe disease problem on golf courses and other highly maintained 

turf areas in North Carolina and throughout the United States.  Due to its location in the 

transition zone, golf superintendents in North Carolina have a choice of either using a cool-

season or warm-season grass for playing areas.  The most commonly used grasses on golf 

courses are turf types of the cool-season creeping bentgrass (Agrostis palustris Huds.) and 

warm-season bermudagrass (Cynodon dactylon (L.) Pers.) which are bred for tolerance to 

low mowing heights (6).  Fairy rings can cause severe damage to both of these grasses in the 

summer, especially on golf greens where the turf is mowed the lowest and is under the most 

stress.   

Fairy ring symptoms appear along the outer margin of a developing subsurface fungal 

colony, where the density of mycelium is greatest.  Rings can take three forms, and it is 

common to see one, two, or all three of these types in an affected area at different times in 

the season (76, 85).  The most severe symptom (Type I) leaves necrotic bands of turf 10 - 30 

cm wide and up to 4.5 – 9 m in diameter (19, 76, 78).  These necrotic bands are most likely 

an artifact of drought stressed turf, caused by the dense mycelium of the fungus rendering the 

underlying soil hydrophobic (5, 30, 113). A second symptom is the stimulation of turf growth 

in rings or arcs (Type II), caused by the release of plant available nitrogen by fungal 

degradation of organic matter (37, 65, 76, 85).    Fairy rings can also be associated with 

circles of mushrooms or basidiocarps (Type III), which have no direct effect on turf but the 

fungi producing them are implicated in Type I and Type II symptom development (76, 85).   
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Fairy rings are difficult to manage and complaints of inadequate control are common.  

All turfgrass species can be affected and no host resistance is known (22, 99).  Renovation is 

the most complete option for control, but is oftentimes an undesirable alternative (99).  Even 

with aerification or the addition of wetting agents, fungicide delivery is challenging due to 

the hydrophobic nature of fairy ring infested soils, and that the fungi can be present at 

different depths in the soil profile (4, 8, 33, 50, 64).   

Nearly 60 different basidiomycetous fungi have been implicated in fairy ring 

occurrence (19, 41, 42, 62, 73, 76, 85), but seldom is it known which fungus is actually 

responsible for the disease in a given circumstance.  Marasmius oreades is the most well 

known fungus causing fairy ring damage, but puffballs or other mushrooms are more 

commonly observed in association with Type I and Type II symptoms on putting greens.  

The fungi involved could have varying tolerances to different fungicide chemistries, making 

proper fungicide selection dependent on accurate identification.     

Current knowledge about the biology and diversity of fairy ring fungi is inadequate to 

address concerns regarding potential issues with management of different fairy ring species.  

Historically, identification of fairy ring fungi is based solely on the basidiocarp (mushroom) 

it produces.  When basidiocarps are present, a trained mycologist can make a positive 

identification.  In many cases, however, necrotic or green (Type I and II) rings are the only 

symptoms observed.  In these cases, fairy ring diagnosis is based on field symptoms or 

unreliable microscopic features, and proper identification of the fungal species involved is 

not possible.  The goal of this project is to isolate and identify fairy ring fungi from soil and 
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thatch layers of golf course greens, and investigate if control differences are present among 

the species of fungi most commonly encountered.         

LITERATURE REVIEW 

Fairy Ring Biology 

 Fairy ring is the common name given to the arcs or circles of basidiocarps or 

stimulated plant growth that form in woodlands, agricultural fields, or amenity grasses (19, 

85).  The term has its origin in the myths and superstitions that surrounded their occurrence 

in the Middle Ages (72), but in 1792 Withering first linked fairy ring formation with an 

agaric fungus in the soil (72, 109). Since then over 60 different basidiomycetous fungi, 

mostly in the order Agaricales and Lycoperdales, have been linked to fairy ring occurrence 

(19, 41, 42, 73, 76, 85).  The most commonly cited are species of Agaricus, Calvatia, 

Chlorophyllum, Clitocybe, Lepiota, Lycoperdon, Marasmius, Scleroderma, and Tricholoma 

(78).   

Fairy rings have been reported on all grass types and in all regions of the world (22, 

99).  On highly maintained grasses, such as those used on lawns, golf courses, and athletic 

fields, fairy rings can cause severe symptoms of wilting or necrotic plants in rings that are 10 

- 30 cm wide (19, 78).  Fairy ring diameters can vary from a few centimeters to several 

thousand meters, although the upper limit that can be distinguished in most grasses is about 

4.5 – 9 m in diameter (78). In sandy soils, mycelium of fairy ring fungi can extend as far as 

30 - 50 cm deep in the soil, whereas in clay soils mycelial growth may be limited to the upper 

2.5 - 3.0 cm (85).  
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In addition to symptom expression, fairy rings can also be classified based on their 

habitat.  Rings produced by basidiomycetes that primarily colonize the soil are termed 

edaphic, whereas rings produced by basidiomycetes that colonize the leaf litter and upper 2.5 

cm layer of the thatch are termed lectophilic (19).  Smith and Jackson (85) further termed the 

lectophilic fairy rings as “superficial’ and categorized their symptoms in a similar fashion to 

edaphic fairy rings.  Type A rings produce sparse to copious mycelium, with or without 

basidiocarps, which develop in the thatch with very little effect on the plant.  Type B rings 

stimulate plant growth or cause turf discoloration and cause noticeable degradation of the 

thatch, but do not cause severe turf damage.  Type C rings produce severe grass injury, and 

turf growth may or may not be stimulated (85).  Superficial fairy rings have also been 

associated with a “white patch” symptom which ranges from 7 – 92 cm in diameter with 1-2 

inch fringes of clearly visible white mycelium in the leaf litter (22).  Finally, superficial fairy 

ring fungi have also been implicated as causal agents of localized dry spots and water 

repellent soils on golf course greens (21, 113).    

Basidiomycetes associated with superficial fairy ring damage on golf course turfs are 

Coprinus kubickae Pilát & Svrček, Trechispora alnicola Bourd. and Galz., Marasmius siccus 

(Schwein) Fr.  and certain sterile white basidiomycetes (SWB) (46, 73, 79, 85, 102).  

Documented edaphic basidiomycetes associated with Type I symptoms on golf course turfs 

are Agaricus arvensis sensu Cooke,  Agaricus campestris sensu Cooke, Bovista dermoxantha 

(Vittad.) De Toni , Bovista plumbea Pers., Clitocybe caespitosa Peck, Clitocybe dealbata 

(Sowerby) Gillet, Clitocybe gigantea (Sowerby) Quél., Lycoperdon perlatum Pers., 

Lycoperdon pyriforme Schaeff, Lycoperdon marginatum Vittad, Lycoperdon pusillum Fr., 
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Lepista sordida (Schumach.) Singer, Marasmius oreades (Bolton) Fr., and Vascellum curtisii 

(Berk.) Kriesel, and Vascellum pratense (Pers.) Kriesel. (11, 33, 42, 60, 76, 85, 92, 93).  Of 

these, Marasmius oreades, or the fairy ring mushroom, is the most commonly researched 

fungus that causes Type I fairy rings (85).       

In most cases, Type I necrotic symptoms are a result of water repellency or 

hydrophobicity of the infested soil caused by large amounts of mycelium in the soil profile 

and the results of organic matter decomposition (5, 22, 74, 76, 78, 80).  Water repellency in 

soils was perhaps first recognized in the “fairy ring” or “dry patch” phenomenon (21).  

Lawes et al. (53)  reported quantitative data indicating soil moisture was lower in soils where 

fairy rings occur than in soils without fairy rings, and theorized that soil fungal activity gave 

a power of resisting free adsorption of water.   Bayliss (5) later postulated that the 

imperviousness of infested soils to water was due to air entrapped in the entangled meshes of 

mycelium.  The water-repellent nature of the fungal cell wall and the action of secreted 

hydrophobins was later found to be the true nature of hyphal hydrophobicity (111).  In 

addition to the hydrophobicity of the mycelium itself, organic matter breakdown can create a 

water repellent organic acid layer on soil particles, especially sands (74).  York and Canaway 

(113) found high levels of water repellency, not only in M. oreades infested soils of golf 

greens, but also in areas that had been previously colonized by the fungus.  Numerous 

publications have dealt with concerns of the wettability of golf greens as related to thatch and 

dry patch in Australia, Great Britain, New Zealand, and the United States (18, 63, 77, 91, 

103)          
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Tahama (90) suggested that necrosis of Zoysia and Agrostis turf in Type I rings 

associated with Lycoperdon perlatum or Lepista sordida was not caused by the fungi, but is 

simply induced by the conditions under which the rings form.  However, several studies on 

the pathogenesis of M. oreades rings have also implicated fungal secretion of toxins, such as 

agrocybin and hydrogen cyanide, and direct penetration of host tissue (3, 5, 8, 36, 55, 107).  

Terashima (92) showed in laboratory studies that mycelia of Bovista dermoxantha and 

Vascellum curtisii could infect root and leaf tissues of zoysiagrass and creeping bentgrass 

seedlings.  

Distinct inner and outer zones of stimulated grass growth have also been observed 

surrounding necrotic rings caused by M. oreades and Agaricus arvensis (5, 76). These 

stimulated zones, as well as Type II rings, are a result of the breakdown of organic nitrogen 

compounds as fungus mycelium or other organic material is decomposed and made available 

for plant uptake (37, 65, 76, 81).  Soil analysis of non-ring soil and the bare, inner, and outer 

zones of Type I rings caused by M. oreades showed the same amount of total nitrogen in the 

three zones as in non-fairy ring soil.  The ammonia form of nitrogen was substantially 

elevated in the bare zone where most of the M. oreades mycelium was present, and slightly 

higher in the outer and inner stimulated zones as compared to non-ring soil (81).  Further 

studies have shown that extractable ammonium nitrogen is about 40 times greater and soil pH 

is reduced in soils under M. oreades fairy rings as compared to uninfested soils (65). In 

addition, extractable N and P concentrations in soils through which the fungus had passed are 

significantly depressed (37). In soils infested by Agaricus campestris, both ammonia and 

sulfur levels were found to be higher than in non-infested soils, indicating that a reduction of 
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nitrification bacteria and alteration of soil microflora in infested soils may be significant 

factors leading to increased ammonia levels (30, 32).  The increase in ammonia to toxic 

levels or depletion of plant available nutrients to insufficient levels has been implicated as 

contributing factors to plant necrosis (27, 37, 40, 78).  

Associated with nutrient decline, soil organic matter and organic carbon are markedly 

lower in infested or recently-infested fairy ring soils than in non-ring soils (24, 26, 27, 48, 

76).  Basidiomycetes are the primary degraders of lignin in ecosystems and utilize organic 

matter with a wide variety of specialized enzymes, including laccases and peroxidases (2, 69, 

98).  Mathur showed that M. oreades in anaerobic culture could utilize a wide array of humic 

and fulvic acid sources, and postulated this as a reason for the predomination of the fungus in 

the soil microflora and for the temporary depletion of soil humus from an infected soil (61). 

In England, Marasmius fairy rings have been noted on sports turfs with soils ranging 

from pHs 5.1 to 7.4, with 8 out of 17 rings studied ranging from pH 6.0 to 6.5 (80).  Fewer 

basidiomycetes in general were found in grasslands at Lakenheath Warren, England with 

more extreme soil pHs of 8.0, 4.4, or 3.8 than in soils with pH of 7.0 or 6.4 (105).  In culture, 

mycelial growth rates of M. oreades is also highest at pH of 6.0 and 6.8 than at more acidic 

or basic pH (80).  Because the preferred pH range for optimum turfgrass growth is 6.0 to 7.0 

for bermudagrass, 5.5 to 6.5 for bentgrass, and 6.2 to 7.2 for annual bluegrass (6), alteration 

of soil pH with acidifying materials or by liming is not an effective control (80).           

The soil microflora in fairy ring soils is different from non-infested ring soils.  

Warcup (105)  found a restricted range and diversity of soil microfungi in the mycelial zones 

of grassland soils infested with Type I fairy ring formers Marasmius oreades, Agaricus 
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arvensis, and Lepista nuda.   Non-basidiomycetous genera such as Penicillium, Gymnoascus, 

and Rhizopus were isolated more frequently from the top 80 mm of soils infested with M. 

oreades, and were strongly to moderately antagonistic to M. oreades in pure culture (81, 84, 

105).  Bacterial counts taken from M. oreades rings show a greater activity in the inner 

stimulated zone than in the bare and outside zones.  It is hypothesized that M. oreades is 

antagonistic to soil bacteria in the bare and outer stimulated zone, and in the inner stimulated 

zones soil bacteria are stimulated due to nitrification and break down of old M. oreades 

mycelium (81, 86).       

Although most rings are much smaller, fairy rings have been found in undisturbed 

areas measuring 61 m to 800 m in diameter (54, 76).  Conservative estimates of the age of 

these rings are at least 300 years old for the smaller ring and 1,000 – 1,200 years old for the 

largest ring.  Fairy rings, especially Types II and III, are ephemeral phenomena, making 

estimations on their growth rate difficult (80), however,  several researchers, have estimated 

annual growth rates (5, 23, 76, 81).  Dickinson (23) took measurements on 30 fairy rings 

caused by M. oreades over a three year period and found annual radial expansion rates 

between 115–135 mm.  Mathematical spatial-temporal models have also been developed to 

predict growth in pastures with and without inter-specific competition among rings (67, 87).      

Marasmius oreades is heterothallic, has a unifactorial (bipolar) mating system 

controlled by a multiallelic locus, and no ring has more than two mating factors (15, 58).   

Rings caused by M. oreades have also been found to be genetically homogeneous, indicating 

that one individual causes each ring and hyphae isolated from each ring can be considered a 

unique individual (15, 58).  There is some conflict in the literature over whether fairy rings 
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begin from bits of dikaryotic mycelium or from the germination of basidiospores (19, 54).  

Based on differing mating types and vegetative incompatibility, Mallett and Harrison (58) 

found 16 distinct individuals of M. oreades among 23 fairy rings collected from cultivated 

turf areas. Using DNA fingerprinting analysis, Abesha et al. (1) found that only three of 

thirty M. oreades rings studied from a Norwegian sand dune ecosystem were genetically 

similar, with most rings forming their own separate genet. Both of these studies strongly 

indicate new individuals establish M. oreades rings, and dispersal is by basidiospore 

movement and not by spread of clonal vegetative mycelium (1, 58). 

Identification 

Identification of basidiomycete fungi in ecosystems is historically based on a direct 

method of collecting macromycetes and using basidiocarp morphology for speciation (19, 46, 

70, 78, 85). However, necrotic or dark-green stimulated (Type I and II) rings of turf are 

oftentimes the only symptoms observed, or agronomic practices on golf courses do not allow 

the basidiocarp to mature to a stage that is useful in identification.  For this reason, the 

diversity of fairy ring fungi on turf areas is not adequately known and many studies regarding 

fairy ring are performed without speciation of the causal agent (11, 31, 34, 35, 47, 59, 79, 

88).   

Fungal diversity in soil ecosystems has also been studied with an indirect method 

involving the isolation of spores and mycelia in culture from soil samples (70). Warcup (104-

106) initially investigated basidiomycetes in soils, developing a procedure combining soil 

plating with careful manipulation of vegetative hyphae to isolate a number of 

basidiomycetes.  However, due to its painstaking nature, the method is not widely used (94).  
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Worrall (110) investigated the use of fungicides for selective isolation of hymenomycetes 

and found benomyl as a good selective agent against ascomyete or zygomycete 

contaminants. Thorn et al. (94) developed a semi-selective media for basidiomycete isolation 

incorporating benomyl, lignin as a carbon source, and guaiacol as an indicator of lignin-

modifying enzymes.  Combined with soil washing and sieving, 111 total fungal isolations 

were made, of which 67 were putatively identified as basidiomycetes (94).  Hardwood lignin 

sources, such as birch, have also been used as baits for culture of certain basidiomycete fungi 

from soils (25, 68). 

Culture-based methods of surveying basidiomycetes from soils are problematic for 

several reasons.  The technique is biased largely towards detecting fungi that grow rapidly in 

culture.  Many basidiomycete fungi do not grow readily in culture, and as a result the more 

quickly-growing ascomycetes and zygomycetes are common contaminants (105).  Secondly, 

a large number of basidiomycetes are not culturable using standard techniques (38, 57, 70, 

94).  Lastly, hyphal characters are insufficient to identify most basidiomycete fungi to 

species. The presence of clamp connections is often used to identify fungal hyphae as a 

basidiomycete, but many basidiomycetes, particularly many in the Lycoperdaceae, do not 

form clamp connections (10, 20, 45, 92).   Additional procedures such as the induction of 

fruiting bodies with specialized medium (17), or staining of mycelium with diazonium blue B 

(89), are necessary to distinguish mycelium as basidiomycetous. 

Using modern molecular techniques, many studies have examined microbial diversity 

in environmental samples.  DNA fingerprinting techniques such as restriction fragment 

length polymorphisms have proven useful in these studies, but are limited in taxonomic 
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resolution as compared to sequence analysis (13).  In particular, several studies have adopted 

DNA sequence-based techniques to examine the diversity of uncultured basidiomycetes in 

agricultural soils and forest ecosystems (12, 57, 66, 70).            

The internal transcribed spacer [ITS] regions of ribosomal DNA have been used 

extensively as molecular evidence for animal, bacteria, and fungal speciation, and for the 

development of species-specific primers (16, 29, 68, 75, 101, 112).  This non-coding region 

of DNA evolves more quickly than coding regions, and may vary among species within a 

genus or among populations (44, 108).  The ITS regions are surrounded by the 18S and 28S 

subunits, which are highly conserved and suitable for primer design of higher taxonomic 

ranks (39, 44).  Primers specific to basidiomycete fungi have been developed from these 

regions, enabling specific PCR amplication of the ITS1, 5.8S, and ITS2 regions of 

basidiomycete fungi from a mixed DNA template (39, 57).  The ITS region has been used 

extensively for molecular systematic studies, creating a large database of publicly available 

ITS sequences representing a great diversity of fungal taxa (14, 52, 100).   However, many of 

these sequences may be misidentified, so care must be taken to also reference unknown 

sequences to material with taxonomic merit (13, 100).  

Numerous nucleic acid based detection assays utilizing the polymerase chain reaction 

(PCR) have been developed to aid in disease diagnosis when traditional techniques are 

cumbersome or impractical (49, 95, 101, 112).  These assays are rapid, highly sensitive, 

specific, and can quantify pathogen biomass,. However, they can also be subject to error 

from false negatives or positives from incomplete primer specificity (96, 101).  Species-
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specific primers were developed for two fairy ring fungi in Japan, Vascellum curtisii and 

Bovista dermoxantha, which could be of potential use in a soil-based detection assay (93).   

Cultural Management           

Numerous cultural control practices can be employed to minimize the impact of fairy 

ring damage on golf courses.  The most radical method of control is eradication either by 

excavation or fumigation.  Vargas (99) recommends digging out an area 30 cm beyond the 

active ring to a depth of 30 cm, replacing the infested soil with new soil, and resodding or 

reseeding the area.   If the soil is not to be replaced, a sterilizing agent such as formaldehyde, 

chloropicrin, or methyl bromide may also be used to eradicate the causal fungus (71, 80, 81, 

83).  Eradication is only feasible if a few small rings are present, otherwise the practice is too 

laborious, destructive, and expensive in nature. 

Fairy rings appear to be less deleterious on turfs that are adequately aerated, 

fertilized, and well irrigated (22, 85).  Aerification procedures, such as spiking and core 

cultivation, can break up the hydrophobic layer caused by fairy rings, allowing air, nutrients 

and water into the rhizosphere.  Inhibition of organic matter degradation through aeration has 

also been demonstrated for M. oreades in culture (61).  Lebeau and Hawn (56) suggested a 

curative control method based on complete wetting of the soil by combined aeration and 

persistent watering of the soil for at least a month. Using wetting agents, a hydrogun, or 

wetting forks can also aid in wetting the soil beyond the hydrophobic layer caused by fairy 

ring hyphae.  If watering is done thoroughly enough rings may be controlled, but the process 

is just as laborious as excavation, and if inadequately treated the fairy rings may become 

fragmented and become individual centers of infestation (81, 83).   
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Similarly, the addition of nitrogen commonly used to “mask” type II fairy ring 

symptoms should also be done with caution.  Increased nitrogen fertility levels with both 

ammonium nitrate and urea has been shown to increase the growth and severity of Type I 

rings caused by Tricholoma sordidum (syn. Lepista sordida) in ‘Merion’ Kentucky bluegrass 

(7).  Conversely, Lange (51) found that many nitrophilous agarics, including fairy ring 

formers, which were initially established in an experimental grassland fertilized with nitrate 

forms of nitrogen, were suppressed when the nitrogen source was changed to ammonium.       

Vegetative incompatibility of different isolates of M. oreades has been shown in 

culture, and similarly two rings of M. oreades that meet in the field invariably obliterate each 

other (5, 76, 82-84, 86, 109).  This antagonistic nature among isolates of M. oreades is 

theorized to be caused by mutual starvation for nutrients, the production of mutually 

inhibitory metabolites such as hydrogen cyanide, or physical barriers of mycelium (55, 61, 

86).   This mutual antagonism has been developed into a biocontrol strategy for large, heavily 

infested areas of turf such as lawns, playing fields, or golf course fairways.  By stripping off 

the old turf and deeply cultivating or plowing the soil in different directions, the M. oreades 

rings are intermixed and are effectively suppressed (83, 84, 86).  This biocontrol strategy has 

had limited testing but appears to be promising (84).  Like eradication procedures, however, 

the process is limited because it is destructive.  Also, fairy rings are known to recur in sod 

fields within 2 to 3 years after harvest and establishment of a new crop, which may simply be 

due to poor or inadequate mixing of the soil prior to seeding (22). 
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Chemical Management 

In 1898, McAlpine (81) suggested the earliest fungicide for fairy ring control was 

several high dose drenches of ferrous sulphate combined with solid- or hollow-tine forking, 

however, this program was costly due to the heavy applications required.  Modern fungicides 

that target basidiomycetes have been found most effective for curative fairy ring control (see 

Table 1.1). Curative suppression with these fungicides has been marginally efficient due to 

the water repellent nature of the underlying soil making fungicide delivery difficult (19, 83, 

84).  Aerification, mixing fungicides with wetting agents, and drenching with substantial 

amounts of water are effective methods of increasing fungicide delivery and enhancing 

control efficacy of fairy rings (9, 50, 64, 78).  High-pressure injection of fungicides into the 

soil profile with specialized equipment has also been investigated, but has not been widely 

adopted due to high costs associated with the application (4, 33).   

The use of in vitro growth assays for assessing the sensitivity of fairy ring fungi to 

fungicides is limited. Dale (20) measured the in vitro sensitivity of Lycoperdon perlatum to 

several fungicides in an effort to identify alternatives for cadmium and mercury use. In vitro 

mycelial growth assays were also used to determine the effect of benomyl on the growth of 

unknown basidiomycete fungi causing superficial fairy rings (20, 47).  In vitro growth assays 

have not been used to determine the sensitivity of fairy ring pathogens to modern fungicides, 

and baseline sensitivities have not been established.   
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RESEARCH OBJECTIVES 

1. Develop procedures for identification of fairy ring fungi from symptomatic rings on 

golf putting greens. 

Very little is known regarding the causal agents of fairy rings on golf putting greens in the 

United States.  Marasmius oreades is the most commonly studied fairy ring species (85), but 

puffballs of Lycoperdon sp. are most commonly reported in association with fairy rings on 

golf putting greens in the Southeast (11, 28, 60, 88).   This research will utilize traditional 

techniques of macromycete and soil isolation, combined with DNA-based techniques to 

identify fairy ring pathogens from putting green samples.    

2.  Evaluate the use of soil DNA extraction as a method for fairy ring pathogen 

detection. 

Several studies have used soil DNA extraction as a tool in examining the diversity of 

basidiomycetes in soil ecosystems (12, 57, 66, 70).   This research will investigate the use of 

a commercially available soil DNA extraction kit combined with fairy ring species-specific 

PCR primers (93) or DNA sequence analysis as a tool for identification of fairy ring 

pathogens from infested soils.      

3. Develop specific recommendations for control of common fairy ring pathogens. 

Preventive fungicide applications are a standard control measure for many soilborne turfgrass 

diseases (19, 78, 99).  Chemical controls for fairy ring suppression, however, are typically 

recommended on a curative basis.  Preliminary trials identified triadimefon as a preventive 

fungicide that, when applied in late March and late April, provided fairy ring control through 

a large part of the summer season (97).  The focus of this study is to investigate fungicide 
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selection, application timing, and application strategy in an effort to develop a control 

recommendation for preventive control of common fairy ring species specific to golf putting 

greens in the Southeast. 
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Table 1.1. Fungicides for curative fairy ring suppression 

Active ingredient Trade name  Chemical class Pathogen  Reference 
Benodanil N/Ax Phenyl-

benzamides 
Marasmius oreades (4, 43) 

Oxycarboxin N/Ax Oxathiin-
carboxamides 

Marasmius oreades (4) 

Flutolanil ProStar Phenyl-
benzamides 

Agaricus campestris 
Lycoperdon sp. 
Lycoperdon marginatum 
Lycoperdon pyriforme 
Unknown basidiomycete 

(60) 
(11, 59, 88) 
(28) 
(33, 60) 
(31, 34, 35) 

Azoxystrobin Heritage QoI Lycoperdon sp. 
Lycoperdon pyriforme 
Unknown basidiomycete 

(11, 59, 88) 
(33) 
(31, 34, 35) 

Polyoxin-D Endorse Polyoxins Unknown basidiomycete (31) 

Pyraclostrobin Insignia QoI Lycoperdon sp. (88) 

 

x Fungicide not registered for turfgrass use in the United States. 
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1Miller, G. L., L. F. Grand, and L.P. Tredway.  2010.  To be submitted to Plant Disease. 
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ABSTRACT 

Miller, G.L., Grand, L.F., and Tredway, L.P. 2010.  Identification and distribution of fungi 

associated with fairy rings on golf putting greens.  To be submitted to Plant Disease.   

 

Traditional methods for identification of fairy ring fungi rely on the morphology of mature 

basidiocarps, which are ephemeral and often do not reach maturity due to management 

practices. From 2007 to 2009, basidiocarps and soil samples were collected from 15 

bermudagrass and 30 bentgrass greens exhibiting fairy ring symptoms in CA, FL, HI, IL, 

OK, NC, SC and WI. Genomic DNA was extracted from 122 unknown samples.  Extractions 

were made from mycelium isolated from puffball or mushroom context tissue, from 

mycelium isolated from a soil block, or through direct DNA extraction from infested soil. 

DNA was also extracted from 16 reference isolates.  The ITS region of rDNA was amplified 

and sequenced using the basidiomycete-specific primer sets ITS1f/ITS4b and Basid0001/2R. 

Phylogenetic trees were constructed with the neighbor-joining algorithm with nodes 

evaluated by bootstrap analysis. Most samples grouped into one of three clades 

corresponding to species within the Family Lycoperdaceae: Arachnion album, Bovista 

dermoxantha,  and Vascellum curtisii.  Although over 60 different basidiomycete fungi have 

been associated with turfgrasses, relatively few species were associated with fairy rings on 

golf putting greens in this study. Presently, DNA sequencing may be the most efficient 

method for attempting fairy ring speciation from infested soil.   
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INTRODUCTION 

 Fairy rings have been reported on all grass types and in all regions of the world (30).  

On highly maintained grasses, such as those used on lawns, golf courses, and athletic fields, 

fairy rings can cause severe symptoms of wilting or necrosis in rings that are 10 - 30 cm wide 

and mostly range from 4.5 – 9 m in diameter (8). Under the classification system of Shantz 

and Piemesel (28), fairy ring types of the severe, necrotic nature are referred to as Type I, 

fairy rings that only exhibit stimulated grass growth are referred to as Type II, and rings of 

basidiocarps are referred to as type III.  Fairy rings are additionally termed superficial when 

the fungi primarily reside in the upper thatch layer.  Fungi associated with superficial fairy 

rings have been implicated as causal agents of localized dry spots on golf course greens (9, 

40).  

 Nearly 60 different basidiomycete fungi have been implicated in fairy ring occurrence 

(8, 14, 15, 27, 28, 30, 34), but seldom is it known which fungus is actually responsible in a 

given circumstance. Identification of basidiomycete fungi involved in fairy ring formation is 

historically based on a direct method using basidiocarp morphology for speciation (8, 16, 

30).  On golf putting greens, basidiocarp formation is ephemeral and may not occur in 

association with fairy ring symptoms, or agronomic practices do not allow the basidiocarp to 

mature to a stage that is useful in pathogen identification.  For this reason, the diversity of 

fairy ring fungi on putting greens is not adequately known, and many studies regarding fairy 

ring are performed without speciation of the causal agent.   

 Fungal diversity in soil ecosystems has also been studied with an indirect method 

involving the isolation of spores and mycelia in culture from soil samples (25). Culture-based 
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methods of surveying basidiomycetes from soils are problematic for several reasons.  The 

technique is biased largely towards detecting fungi that grow rapidly in culture. Many 

basidiomycete fungi do not grow readily in culture, and for this reason ascomycete and 

zygomycete species are common contaminants (39).  Secondly, a large number of 

basidiomycetes are not culturable using standard techniques (12, 21, 25, 36).  Lastly, hyphal 

characters are insufficient to identify a basidiomycete fungal species. The presence of clamp 

connections is often used to identify fungal hyphae as a basidiomycete, but many 

basidiomycetes, particularly many in the Lycoperdaceae, do not form clamp connections (18, 

34). 

 Many studies using modern molecular techniques have examined microbial diversity 

in environmental samples.  DNA fingerprinting techniques, such as restriction fragment 

length polymorphisms, have proven useful in these studies but are limited in taxonomic 

resolution as compared to sequence analysis (6).  In particular, several studies have adopted 

DNA sequence-based techniques to examine the diversity of uncultured basidiomycetes in 

agricultural soils and forest ecosystems (5, 21, 23, 25). 

 Very little is known regarding the causal fungi of fairy rings on golf putting greens in 

the United States. The different fungi involved could have varying tolerances to fungicide 

chemistries, making proper fungicide selection dependent on accurate identification. Fairy 

ring pathogens may also differ in aspects of their life cycle, such as optimal growth 

temperature or depth of soil inhabitation, that could impact the timing or method of fungicide 

application.  The objectives of this study were to develop identification techniques for fairy 

ring fungi combining traditional and DNA-based methodologies and implement these 
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techniques to determine the distribution of these fungi as they occur on golf putting greens in 

the United States.   

MATERIALS AND METHODS 

Sample collection 

From 2007-2009, samples of basidiocarps (if present) and one to two samples of turf (10.8 

cm in diameter, ~10.2 cm deep) were taken along the margin of Type I and Type II fairy 

rings occurring on 15 bermudagrass and 30 bentgrass putting greens at 35 golf 

course/research sites in CA, FL, HI, IL, SC, NC, OK, and WI (Table 2.1).  Greens were 

established with creeping bentgrass [cv. ‘A-1’ (11), ‘A-4’ (two), ‘A-1/A-4’ (9),  ‘Crenshaw’ 

(one), ‘L-93’ (one), ‘Penncross’ (three),‘Pennlinks’ (one)], Poa annua/bentgrass (cv. 

unknown (one)], velvet bentgrass [cv. ‘SR7200’ (one)] or bermudagrass [cv. ‘Champion’ 

(one), ‘Tifdwarf’ (three), ‘Tifeagle (11)].  Sixteen reference isolates of species representing 

known fairy ring genera (Table 2.2) were also acquired from the American Type Culture 

Collection (Manassas, VA), Japan, Pennsylvania, or personal collection (1, 3, 7, 10, 22, 26, 

27, 35).  Samples obtained through personal collection were examined morphologically and 

identified to species with several keys and field guides (1, 7, 22, 29).   

Morphological studies 
  
Fresh or dried material of fully mature basidiocarps were used for morphological 

examination. Peridium and gleba structure was observed with a dissecting microscope at 20-

40X.  Micromorphological data was gathered with a compound light microscope at 400-

1000X.  Observation of characters such as spore ornamentation and capillitial structure were 

made from glebal or gill material mounted in 3% KOH.  Spores and capillitia were mounted 
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in cotton blue [1% (w/v) cotton blue in lactic acid and phenol] for observation. Capillitium or 

paracapillitium were characterized based on width, shape, color, sclerification, branching 

pattern, and presence of pits or pores.  Spores were measured excluding ornamentation, and 

were characterized based on width, shape, color, presence of a pedicel, size, and 

ornamentation.  Diameter of spores and capillitial threads, and pedicel length were measured 

at 400X and calculated as the range of 10 arbitrarily selected characters.  

Isolation 

 A soil block method was employed to isolate fungi from infested soils. Samples of 

symptomatic turf (10.8 cm in diameter, ~10.2 cm deep) were sliced longitudinally into four 

sections and placed into a humidity chamber consisting of a rectangular plastic container 

(29cm x 19.5cm x 7cm) lined with paper towels moistened with sterilized distilled water.  

The samples were inspected daily for 28 days for mycelium appearance.  Visible mycelium 

was subsequently transferred to Leonian medium (20, 32) amended with 50 ppm each of the 

antibiotics chloramphenicol, streptomycin, and tetracycline and 2 ppm of the fungicide 

benomyl to increase selectivity for target fungi. Washed organic material (0.25 g) obtained 

from a soil sieving and washing procedure described by Thorn (36) was also spread thinly 

with a sterile loop on modified Leonian medium.  Isolated fungal colonies were examined at 

400X magnification for presence of clamp connections or identifiable asexual or sexual 

structures. If possible, puffballs were identified morphologically to species according to the 

description of Coker and Couch (7) or Kriesel (7, 19).  

 

 



 35 

Soil DNA Extraction 

 Soil DNA extraction was performed as described by Lynch and Thorn (21)  with 

modifications.  Sixty-one total samples from putative fairy ring infested soil were assayed.  

Subsamples of 10 g were excised from the plug with an 11-mm diameter cork borer at a 2.5-

cm depth, targeting orange coloration or thatch degradation if apparent.  The subsamples 

were suspended in 150 ml of 0.1 M sodium pyrophosphate, shaken for 5 min and washed 

with tap water through sieves with openings of 850-, 250-, and 63 µm to remove bacteria and 

most fungal spores and maximize yield of target DNA.  Sieves were rinsed with tap water 

and sterilized with 70% ethanol between samples.  DNA was extracted with a PowerSoil 

DNA kit (Mo Bio Laboratories, Inc., Solana Beach, CA) from 0.25 g of washed organic 

material collected on the 63 µm sieve, as previous researchers detected the greatest diversity 

of fungi in this 63-250 µm size range (2, 36).   Particle washing removes most bacteria and 

spores of nontarget organisms such as ascomycetes and zygomycetes, and the use of sodium 

pyrophosphate to disperse soil colloids reduces the amount of washing required to achieve 

this effect (21, 36). DNA was extracted with the above procedure from four additional cup 

cutter plugs collected from asymptomatic areas.  These samples (NCSX7, NCSX8, NCSX9, 

NCSX12) served as negative controls to ensure DNA amplification of fairy ring fungi did not 

occur in non-fairy ring infested soils.  

Molecular characterization 

 Genomic DNA from 73 unknown isolates (54 isolates from basidiocarps, 19 from soil 

block) and 16 reference isolates was extracted using the Easy-DNA Kit (Invitrogen Corp., 

Carlsbad, CA).  PCR amplification of ribosomal (r)DNA regions internal transcribed spacer 
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(ITS)1 and 5.8S rRNA, and ITS2 was performed on 122 DNA extracts from isolates and soil 

using the universal fungal primers ITS5 and ITS4 and the basidiomycete-specific primers 

ITS1f and ITS4b (13). To investigate higher-level taxa relationships, PCR amplification of a 

larger region including ~ 1000 bp of both the nuclear small-subunit rDNA (nSSU rDNA) and 

nuclear large-subunit rDNA (nLSU rDNA) was performed on a subset of 43 DNA extracts 

using basidiomycete-specific primers Basid-2R and Basid001 (21). PCR reactions were 50 µl 

in volume and consisted of 20 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5mM MgCl2, 200 µM 

each dNTP, 200 nM each primer, 1.5 U of Taq polymerase (Bioline Inc., Taunton, MA) and 

50 ng of genomic DNA.  Thermal cycling conditions for ITS primers involved an initial 

denaturation step at 94°C for 1 min; followed by 32 cycles of 94°C for 30 s, 55°C for 1 min, 

and 72°C for 1 min; and a final extension step at 72°C for 2 min.  Thermal cycling conditions 

for Basid primers involved an initial denaturation step at 95°C for 2 min; followed by 32 

cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 2 min; and a final extension step at 72°C 

for 7 min.  Amplification products were purified with a Qiaquick PCR Purification Kit 

(Qiagen Inc., Valencia, CA) and sent to the Duke University DNA Sequencing Facility 

(Durham, NC) for cleanup, electrophoresis, and fluorometric analysis.  The consensus 

sequence for each isolate was determined from one to two reactions each with each primer 

set. A BLAST search of GenBank was performed with each sequence. For each sample, one 

or two of the most similar sequences based on maximal identity percentage were downloaded 

for comparison. All sequences were aligned using the ClustalW method in MegAlign (7.1; 

DNASTAR Inc., Madison, WI) and adjusted by visual examination. Phylogenetic trees were 

constructed in MEGA 2.1 (33) using the neighbor-joining algorithm from genetic distances 



 37 

calculated using the Kimura two-parameter model analysis. Phylogenetic trees constructed 

using maximum parsimony analysis are contained in Appendix B.  Bootstrap support at 

branch nodes was based on 1,000 random samples of the data set.  Due to the similarity in 

sequences, T.squamosum DQ415732 was used as an outgroup for trees examining the ITS 

region.  

RESULTS 

Morphology 

 Eight of the fifty-three puffball samples (HIP1, NCP9, NCP28, NCP34, NCP49, 

SCP1, SCP2) were fully mature and suitable for speciation based on basidiocarp morphology 

(Fig. 1). Three species of Lycoperdaceae were identified: 

 Arachnion album (Schwein) (7, 18) 

Samples NCP2, NCP28, and SCP1.   Basidiocarp globose, sessile, 1.0-1.5 cm in diameter.  

Peridium thin, fragile.  Gleba grayish or ash-colored and composed of irregularly subglobose 

peridioles resembling grains of sand. Basidiospores smooth, ellipsoid, brown, 3-4 µm in 

diameter, with hyaline pedicels 0.5-1.5 µm long. No capillitium or paracapillitium associated 

with spores.  In culture, hyphae had no clamp connection, and colonies were white, woolly, 

and formed secta.  

 Bovista dermoxantha (Vittad.) de Toni, [= Lycoperdon dermoxanthum, Vittad., B. 

pusilla (Batsch: Pers.) Pers.; L. pusillum Batsch] (34) 

Samples NCP34 and SCP2.   Basidocarp subglobose, sessile, 1.0-2.0 cm in diameter with 

rhizomorphs.  Exoperidium white, thin and flaky, with capillitial threads, opening by distinct 

apical pore.  Endoperidium white and persistent.  Gleba yellow at maturity with no subgleba 
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present.  Capillitium hyphae yellow-brown, 4.5-5.0 µm wide, branched, aseptate, sclerified, 

pitted, and cyanophilic.  Spores yellow, globose, 4.5-5.0 µm in diameter, frequently with 

pedicels 0.5-1.0 µm long. In culture, hyphae had no clamp connection, and colonies were 

white, woolly, and did not form secta.  

 Vascellum curtisii (Berk.) Kreisel, [= Lycoperdon curtisii, Berk.]   (19, 34) 

Samples: HIP1, NCP49, and NCP9.  Basidiocarp subglobose, sessile, 2-2.5 cm in diameter.  

Exoperidium white with distinct echinulations which are lost upon maturity.  Endoperidium 

white and tough.  Gleba brown at maturity with a subgleba without a distinct diaphragm.  

Paracapillitium hyaline, septate, thin-walled, 6-7.5 µm wide, without pores, and 

acyanophilic.  Spores yellow brown, globose, 2-2.5 µm in diameter, verruculose, often with 

pedicels 0.5-1.0 µm long.  In culture, hyphae had no clamp connection and colonies were 

pale yellow, thin, and formed secta.  

 The morphology of specimens of V. curtisii and B. dermoxantha was identical to the 

description given of fairy ring species by Terashima et al. (34), except that paracapillitium in 

our specimens was wider and no diaphragm was observed. 

Isolation 

 Sixteen isolates of fairy ring fungi (23% of total samples) were obtained from 

infested soils.  No isolations of fairy ring fungi were obtained from washed organic matter, 

so isolates were solely obtained from exposed soil blocks.  Isolates obtained from soil blocks 

did not display any morphological characters useful for speciation.  Seven isolates produced 

hyphae with clamp connections in vitro (NCSB1, NCSB2, NCSB3, NCP36, NCP37, NCP38, 

and OKM1).  
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Soil DNA Extraction 

 The ITS1, 5.8S rRNA, and ITS2 regions were amplified with primers ITS 1f/4b for 

51 of the 61 soil DNA extracts.  Direct sequencing was successful in 29 of these amplicons, 

and the resulting sequences were added to the data set for phylogenetic analysis.  Direct 

sequencing was not possible for 22 amplicons due to multiple peaks in the fluorogram, 

indicating a mixed DNA template and potential co-amplification of more than one 

basidiomycete species. 

 Amplification and direct sequencing of the ITS1, 5.8S rRNA, and ITS2 regions was 

also successful for samples NCSX7, NCSX8, NCSX9, NCSX12 collected from 

asymptomatic areas.  A BLAST search showed closest similarity (92%) of the four samples 

to a GenBank accession of Arrhenia griseopallida (PGU66436), a species not previously 

associated with fairy rings on turfgrass.      

Phylogenetic analysis 

 Phylogenetic analysis of the partial nSSU rDNA, nuclear ribosomal ITS regions, 

5.8S, and partial nLSU DNA genes of a subset of samples revealed two distinct clades 

corresponding to a puffball and mushroom-type of basidiocarp morphology (Fig. 2).  These 

two clades were grouped separately for further phylogenetic analysis of the rDNA-ITS 

sequence.   

 In the puffball clade, phylogenetic analysis of rDNA-ITS sequences revealed three 

distinct clades designated A, B, and C (Fig. 3).  Clade A contained a reference isolate and 

GenBank accession of B. dermoxantha (AB067224), as well as 23 sequences obtained from 

16 sites in California, Florida, Indiana, Illinois, South Carolina, North Carolina, and 
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Wisconsin.  Clade B contained a GenBank accession of A. album (EU833649) and 12 

sequences obtained from 6 sites in Florida, South Carolina, and North Carolina.  Clade C 

contained a GenBank accession and reference isolate of V. curtisii (AB067225), and 49 

sequences obtained from 10 sites in Hawaii, North Carolina, and Virginia. Reference isolates 

and GenBank accessions of Lycoperdon perlatum Pers. were in a separate clade.   Three 

puffball sequences (NCP6, NCP14, and NCP20) were not resolved to any distinct clade, and 

showed less than 98% similarity to any GenBank accession. 

 Within the mushroom group, several clades were apparent (Fig. 2.4.).  Only two of 

these clades, however, contained GenBank accessions with fungi reported to cause fairy rings 

on turfgrasses.  Clade D contained two sequences from North Carolina and Illinois that 

grouped with GenBank accessions of various Marasmius spp.  Clade E contained 4 

sequences that grouped with GenBank accessions of various Coprinus spp.  No reference 

isolates or mature basidiocarps were collected that matched our sequences, therefore 

definitive speciation was not possible.  Many other sequences were collected, particularly 

from isolations of clamp connected hyphae from fairy ring infested soils, that were not 

similar to any GenBank accession or reference isolate of known fairy ring-forming fungi.        

 More intensive sampling (n = 2-38) was conducted at 13 sites.  At nine of these sites, 

only one fairy ring species was detected per location. However, sequences grouping with 

Arachnion album and Bovista dermoxantha (clade A and B) occurred at site 15, sequences 

grouping with Bovista dermoxantha and Vascellum curtisii (clade B and C) were detected at 

site 24, and sequences grouping with Arachnion album, Bovista dermoxantha, and Vascellum 

curtisii (clades A-C) were obtained from sites 16 and 20.  At each of these sites, samples 
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were collected from different putting greens or the sample was taken from the same putting 

green in a different year. 

DISCUSSION 

 Identification of fairy ring pathogens has been a historically difficult task, relying 

solely on morphological characters of mature basidiocarps. The majority of our samples were 

obtained from immature puffballs, soil block isolations, and soil DNA extracts which would 

have been unidentifiable by traditional methods. We were able to find several mature 

basidiocarps as a base for morphological identification; however, ~93% of fairy ring samples 

would have been unidentified if only this method was employed.    

 Three species of Lycoperdaceae were consistently identified as fairy ring pathogens 

based on puffball morphology and high similarity of ITS sequences with reference isolates 

and GenBank accessions. This is the first association of Arachnion album with fairy ring 

symptoms (11).   This species was originally described by Schweinitz from specimens 

collected in North Carolina and is widely distributed throughout the Eastern United States 

and other parts of the world (7, 18, 24).  Arachnion album is typically found in association 

with grasses and is common on sandy soils including coastal sand dunes (7, 18).  The sand-

based soil profile of a golf putting green may therefore provide a good habitat for this fungus.  

 Bovista dermoxantha had the broadest geographical distribution (eight states) among 

the species detected in this study.  This species was sampled as far north as Wisconsin, 

indicating the species is adapted to overwinter and survive sub-zero soil temperatures.    

Vascellum curtisii was recovered in samples from Hawaii and North Carolina, and possesses 

peridium morphology that closely resembles Lycoperdon perlatum, a frequently reported 
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fairy ring pathogen in the Southeastern US.  Since we did not find L. perlatum in the current 

study, it is possible that V. curtisii has been misidentified in the past. Both V. curtisii and B. 

dermoxantha have been previously characterized in association with fairy rings on putting 

greens in Japan (34), and may be two of the more cosmopolitan causal agents of fairy rings 

on golf putting greens.     

  At several sites, different puffball species were assayed from different putting greens 

or from the same green in different years.  At one site in North Carolina, we identified V. 

curtisii from samples collected in 2007 and A. album in samples collected from the same 

putting green in 2009.  This implies a species complex of Lycoperdaceae could be present in 

putting greens, and the differing species could be active under different environmental 

conditions. Terashima (34) reported that both V. curtisii and B. dermoxantha occurred on the 

same creeping bentgrass site in Japan, but differed in time of peak basidiocarp production.  If 

basidiocarp morphology is used to identify fairy ring pathogens, than only the pathogen 

producing basidiocarps at the time of sampling would be discerned.  A mixture of species 

could also potentially complicate interpretation of sequencing results, however, it is more 

likely that this technique would capture the species that was currently active and inciting 

disease at the time of sampling.  

 Identification of fairy ring species producing a mushroom-type basidiocarp was not 

straightforward.  Speciation was not possible for any sample within this clade due to the lack 

of reference isolates with highly similar ITS sequences.  ITS sequences from our samples 

show great diversity within this clade; however very few of the GenBank accessions or 

reference isolates grouping close to these samples have been linked to fairy ring occurrence 
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in turfgrasses.  Two clades corresponding to known fairy ring species were apparent, 

however, with two samples nested within a clade containing Marasmius spp. and four 

samples nested within a clade containing Coprinus spp.  

 Although many regions of the country were not represented in our study, it is striking 

how few fairy ring fungi were detected from putting greens as opposed to the greater than 60 

species reported in all landscapes.  In particular, fairy ring species in the mushroom clade 

were under-represented as compared to those reported in lawn and landscapes.  This may be 

due to the lack of mushroom prevalence in our sampling regions or the inadequacy of our 

methodologies in obtaining DNA from these species. 

  Unless basidiocarps are present, the only pathogen sign that turf diagnosticians can 

use to diagnose fairy ring in diseased samples is observation of clamp-connected hyphae in 

the soil profile.  In our study, the ITS regions of two isolates with clamped hyphae (SCSB1 

and NCSB3) were 99% similar to GenBank accessions of basidiomycete species (Laetisaria 

arvalis Burds. and Limonomyces roseipellis Stalpers and Loer.) not known to cause fairy 

rings.  In addition, many species in the Lycoperdaceae do not form clamp connections (18, 

34), making this character unreliable for diagnosis of fairy ring.    

 The extraction and amplification of genomic DNA from soils has been used 

successfully to examine the species richness of environmental samples (5, 13, 21, 31).  In this 

study, we used soil DNA extraction to characterize individual fairy ring species.  Direct 

sequencing of soil DNA extracts with basidiomycete-specific primers was more efficient per 

attempt at assaying basidiomycete DNA than a soil block method (48% vs. 23%, 

respectively).  The method is more rapid and practical but has the disadvantage of added 
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cost.  Cloning PCR products and segregating individual sequences from a mixed template 

could greatly increase efficiency, but the added cost and time would not be acceptable in a 

diagnostic setting.  A library of reliable species-specific primers for all fairy ring fungi could 

lead to a rapid and efficient diagnostic assay as has been done with other turfgrass diseases 

(17, 37, 38), but at the present time sequencing of the ITS region may be the most efficient 

and rapid method for attempting fairy ring speciation from soil samples.  

 In this survey, the range of fairy ring species found on sand-based golf putting greens 

was not as broad as previously thought. We also found evidence of a species complex 

occurring at particular golf sites, which could be problematic if the biology of these different 

pathogen species impacts the efficacy of control measures. Research targeting the biology of 

the major fairy ring species reported in this study may provide valuable insights into 

conditions that are favorable for fairy ring epidemics and provide clues for development of 

more efficient control practices.  
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Table 2.1:  Host species, origin, DNA source, and rDNA clade for samples obtained from putting greens 
exhibiting fairy ring symptoms 

 
Sample 

 
Site 

 
Host Species 

 
Origin 

 
DNA source 

rDNA 
Cladez 

CASX1 1 Poa annua/Creeping bentgrass Canyon Lake, CA Soil  - 
CASX2 2 Velvet bentgrass Niporno, CA Soil - 
CASX3 3 Creeping bentgrass San Diego, CA Soil A 
CAP1 3 Creeping bentgrass San Diego, CA Basidiocarp A 
FLSB1 4 Bermudagrass Orlando, FL Mycelia A 
FLSB2 5 Bermudagrass Port St. Lucie, FL Mycelia A 
FLSB3 6 Bermudagrass Naples, FL Mycelia A 
FLSX1 7 Bermudagrass Naples, FL Soil A 
FLSX2 8 Bermudagrass Ft. Myers, FL Soil A 
FLSX3 9 Bermudagrass Lake Placid, FL Soil B 
HIP1 10 Bermudagrass Kapalua, FL Basidiocarp C 

HISB1 10 Bermudagrass Kapalua, FL Mycelia C 
ILSB1 11 Creeping bentgrass Glenview, IL Mycelia A 
ILSX1 12 Creeping bentgrass Hinsdale, IL Soil D 
INSX1 13 Creeping bentgrass Laconia, IN Soil A 
INSX2 13 Creeping bentgrass Laconia, IN Soil A 
NCP1 14 Bermudagrass Fayetteville, NC Basidiocarp C 
NCP2 15 Creeping bentgrass Wilmington, NC Basidiocarp B 
NCP3 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP4 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP5 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP6 16 Bermudagrass Raleigh, NC Basidiocarp - 
NCP7 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP8 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP9 16 Bermudagrass Raleigh, NC Basidiocarp C 

NCP10 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP11 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP12 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP13 16 Bermudagrass Raleigh, NC Basidiocarp C 
NCP14 16 Bermudagrass Raleigh, NC Basidiocarp - 
NCP15 16 Creeping bentgrass Raleigh, NC Basidiocarp B 
NCP16 16 Creeping bentgrass Raleigh, NC Basidiocarp A 
NCP17 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP18 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP19 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP20 16 Creeping bentgrass Raleigh, NC Basidiocarp - 
NCP21 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP22 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP23 16 Creeping bentgrass Raleigh, NC Basidiocarp B 
NCP24 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP25 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP26 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP27 16 Creeping bentgrass Raleigh, NC Basidiocarp A 
NCP28 16 Creeping bentgrass Raleigh, NC Basidiocarp B 
NCP29 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP30 16 Creeping bentgrass Raleigh, NC Basidiocarp B 
NCP31 16 Creeping bentgrass Raleigh, NC Basidiocarp C 
NCP33 17 Creeping bentgrass Durham, NC Basidiocarp A 
NCP34 17 Creeping bentgrass Durham, NC Basidiocarp A 
NCP35 17 Creeping bentgrass Durham, NC Basidiocarp A 
NCP36 18 Creeping bentgrass Wilmington, NC Basidiocarp E 
NCP37 18 Creeping bentgrass Wilmington, NC Basidiocarp E 
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Table 2.1: Continued 
 

Sample 
 

Site 
 

Host Species 
 

Origin 
 

DNA source 
rDNA 
cladez 

NCP38 18 Creeping bentgrass Wilmington, NC Basidiocarp E 
NCP39 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP40 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP41 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP42 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP43 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP44 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP45 19 Creeping bentgrass Jackson Springs, NC Basidiocarp C 
NCP46 20 Bermudagrass Wilmington, NC Basidiocarp A 
NCP47 20 Bermudagrass Wilmington, NC Basidiocarp B 
NCP48 20 Bermudagrass Wilmington, NC Basidiocarp A 
NCP49 20 Bermudagrass Wilmington, NC Basidiocarp C 
NCP50 34 Bermudagrass New Bern, NC Basidiocarp B 
NCSB1 35 Creeping bentgrass Durham, NC Mycelia C 
NCSB2 21 Bermudagrass Rocky Mount, NC Mycelia D 
NCSB3 21 Bermudagrass Rocky Mount, NC Mycelia - 
NCSB4 22 Creeping bentgrass Raleigh, NC Mycelia C 
NCSB5 22 Creeping bentgrass Raleigh, NC Mycelia C 
NCSB6 16 Creeping bentgrass Raleigh, NC Mycelia C 
NCSB7 23 Creeping bentgrass Morehead City, NC Mycelia A 
NCSB8 24 Creeping bentgrass Asheboro, NC Mycelia C 
NCSB9 24 Creeping bentgrass Asheboro, NC Mycelia C 

NCSB10 25 Creeping bentgrass Charlotte, NC Mycelia A 
NCSB11 26 Creeping bentgrass Sanford, NC Mycelia - 
NCSX1 35 Creeping bentgrass Durham, NC Soil C 
NCSX2 14 Bermudagrass Fayetteville, NC Soil C 
NCSX3 15 Creeping bentgrass Wilmington, NC Soil A 
NCSX4 16 Creeping bentgrass Raleigh, NC Soil C 
NCSX5 16 Creeping bentgrass Raleigh, NC Soil B 
NCSX6 16 Creeping bentgrass Raleigh, NC Soil B 
NCSX7 16 Creeping bentgrass Raleigh, NC Soil - 
NCSX8 16 Creeping bentgrass Raleigh, NC Soil - 
NCSX9 16 Creeping bentgrass Raleigh, NC Soil - 

NCSX10 16 Creeping bentgrass Raleigh, NC Soil C 
NCSX11 16 Creeping bentgrass Raleigh, NC Soil B 
NCSX12 16 Creeping bentgrass Raleigh, NC Soil - 
NCSX13 16 Creeping bentgrass Raleigh, NC Soil C 
NCSX14 16 Creeping bentgrass Raleigh, NC Soil C 
NCSX15 16 Creeping bentgrass Raleigh, NC Soil C 
NCSX16 17 Creeping bentgrass Durham, NC Soil A 
NCSX17 27 Creeping bentgrass New London, NC Soil C 
NCSX18 24 Creeping bentgrass Asheboro, NC Soil C 
NCSX19 24 Creeping bentgrass Asheboro, NC Soil C 
NCSX20 24 Creeping bentgrass Asheboro, NC Soil B 
NCSX21 25 Creeping bentgrass Charlotte, NC Soil A 
NCSX22 20 Bermudagrass Wilmington, NC Soil C 
OKSB1 28 Creeping bentgrass Tulsa, OK Mycelia E 
SCP1 29 Bermudagrass Myrtle Beach, SC Basidiocarp B 
SCP2 30 Bermudagrass Hilton Head, SC Basidiocarp A 

SCSB1 31 Creeping bentgrass Myrtle Beach, SC Mycelia - 
VASX1 32 Creeping bentgrass Suffolk, VA Soil C 
WISB1 33 Creeping bentgrass Wisconsin Rapids,WI Mycelia A 
WISX1 33 Creeping bentgrass Wisconsin Rapids,WI Soil A 

z Clade designated in phylograms found in Fig. 2.3 and 2.4.
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Table 2.2: Origin of reference isolates used in phylogenetic comparison.  Reference isolates 
are either species of known fairy ring fungi or represent species within known fairy ring 
forming genera     
 

Isolate Origin Species Host/Habitat Reference 
ATCC 28344 FL Sterile White 

Basidiomycete 
Bean (3) 

ATCC 34736 PA Agaricus arvensis Grass (26) 
ATCC 48619 Canada Coprinus kubickae Bentgrass (27) 
ATCC 52208 Czech Lepista sordida Meadow N/A 
ATCC 76404 MA Marasmius oreades Grassland (10) 
ATCC 76322 ATCC Marasmius siccus Unknown N/A 
ATCC 76415 ATCC Marasmius graminum Various grasses (10) 

Lp3 Japan Bovista dermoxantha Bentgrass (35) 
NC-BR1 NC Agaricus campestris Bermudagrass - Lawn (1, 22) 
NC-BR2 NC Parasola pliicatilis Bermudagrass - Lawn (1, 22) 
NC-OAK NC Lycoperdon marginatum Under Oak tree (7) 
NC-RPU NC Lycoperdon marginatum Bermudagrass -Rough (7) 
NC-TF1 NC Lepista nuda Tall Fescue - Lawn (1, 22) 

PSU-FW1 PA Agrocybe aegerita Perennial Ryegrass -Rough N/A 
PSU-FW2 PA Coprinus comatus Perennial Ryegrass - Rough N/A 

Vp1 Japan Vascellum curtisii Unknown (35) 
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Fig. 2.1.  Morphology of glebal sections of mature puffballs collected from symptomatic 
fairy rings on putting greens.  A.  Gleba of Bovista dermoxantha showing capillitial threads. 
B.  Gleba of Arachnion album showing peridioles.  C.  Gleba of Vascellum curtisii showing 
paracapillitium.   
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Fig. 2.2.  Neighbor joining phylogram of samples produced from sequences of ribosomal 
DNA regions partial nSSU rDNA, ITS1, 5.8S, ITS2, and partial nLSU rDNA.  Scale bar 
indicates the horizontal distance corresponding to genetic distance as calculated by the 
Kimura 2-parameter model.  Bootstrap values are indicated adjacent to nodes and are based 
on 1,000 resamplings of the data set.   
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Fig. 2.3. Neighbor joining phylogram of all samples from the puffball clade produced from 
sequences of ribosomal DNA regions ITS1, 5.8S, ITS2.  Scale bar indicates the horizontal 
distance corresponding to genetic distance as calculated by the Kimura 2-parameter model.  
Bootstrap values are indicated adjacent to nodes and are based on 1,000 resamplings of the 
data set.   
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Fig. 2.4. Neighbor joining phylogram of all samples from the mushroom clade produced 
from sequences of ribosomal DNA regions ITS1, 5.8S, ITS2.  Scale bar indicates the 
horizontal distance corresponding to genetic distance as calculated by the Kimura 2-
parameter model.  Bootstrap values are indicated adjacent to nodes and are based on 1,000 
resamplings of the data set.   
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CHAPTER THREE 

 

SELECTIVE AMPLIFICATION OF FAIRY RING FUNGI 

 FROM INFESTED PUTTING GREEN SOILS1 
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ABSTRACT 

Identification of fairy ring fungi on golf putting greens is difficult and rests solely on the 

morphology of basidiocarps, which may not occur or are often damaged by agronomic 

practices.  The objective of this study was to investigate the use of molecular techniques to 

identify fairy ring pathogens in infested soils. Genomic DNA was extracted from five soil 

samples from putting greens infested with fairy ring.  Ribosomal DNA was amplified using 

the basidiomycete-specific primers ITS1f and ITS4b and directly sequenced, yielding a 

consensus ITS sequence for four of the five samples. Four to eight cloned PCR fragments 

were sequenced per sample, and showed great similarity (99%) to directly sequenced ITS 

fragments.   ITS sequences were compared with known isolates and with Genbank accessions 

using the online BLAST search engine.  Phylogenetic analysis revealed ITS sequences from 

two sampled soil sites to be genetically similar to Vascellum curtisii, a known fairy ring 

pathogen in Japan.  A PCR based assay using species-specific primers for the fairy ring fungi 

Vascellum curtisii and Bovista dermoxantha was also evaluated. Target sequences were 

amplified successfully using these primers from both extracted soil DNA and DNA from 

known isolates, however several false positive amplifications also occurred.  Due to this 

variability in PCR detection assays, sequencing of extracted soil DNA may be a more viable 

alternative for detecting and identifying fairy ring pathogens.  
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INTRODUCTION 

Fairy rings are a severe disease problem on golf courses and other highly maintained turf 

areas in North Carolina and throughout the United States.   This disease can cause severe 

damage on many grasses in the summer, but especially on golf greens where the turf is 

subjected to more stress than higher cut turf.  Fairy ring symptoms appear in rings along the 

outer margin of the developing subsurface fungal colony, where the density of mycelium is 

greatest.  Rings can take three forms, and it is common to see one, two, or all three of these 

symptom types in an affected area at different times in the season (17, 19).  The most severe 

symptom (Type I) leaves necrotic bands of turf from 10 - 30 cm wide and up to 4.5 – 9 m in 

diameter (4, 17, 18).  These necrotic bands are most likely an artifact of drought stressed turf, 

caused by the dense mycelium of the fungus rendering the underlying soil hydrophobic (2, 

30). A second symptom is the stimulation of turf growth in rings or arcs (Type II), caused by 

the release of plant available nitrogen by fungal degradation of organic matter (6, 15, 17, 19).    

Fairy rings can also be associated with circles of basidiocarps (Type III), which have no 

direct effect on turf vigor but the fungi producing them are implicated in type I and type II 

occurrence (17, 19).   

Nearly 60 different basidiomycetous fungi have been implicated in fairy rings (4, 8, 9, 14, 

16, 17, 19), but seldom is the fungus responsible in a given circumstance determined.  

Marasmius oreades (Bolton) Fr. is the most researched and most commonly named species 

of fairy ring damage, but puffballs are more commonly observed blooming in association 

with Type I and Type II fairy ring symptoms on putting greens in the Southeastern U.S . 
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Different species of fungi involved in fairy rings may have varying tolerances to different 

fungicidess, making proper fungicide selection dependent on accurate identification.     

The current state of knowledge about the biology and diversity of fairy ring fungi is 

inadequate to address these concerns.  Historically, identification of fairy ring fungi is based 

solely on the basidiocarp.  In many cases, however, necrotic or green (Type I and II) rings are 

the only symptoms observed, or daily mowing practices on greens do not allow 

basidiocarpsto mature to a stage that is morphologically useful.  Fairy ring fungi also are very 

difficult to selectively isolate from soil.  When successfully isolated, these fungi seldom 

sporulate in culture, rendering them unidentifiable by traditional morphological techniques.  

For these reasons, fairy ring diagnosis is often based solely on field symptoms or unreliable 

microscopic features, and identification of the fungal species involved is not attempted. 

The internal transcribed spacer (24) region of ribosomal DNA has been used extensively 

as molecular evidence for animal, bacteria, and fungal speciation, and for the development of 

species-specific primers (5, 10, 22, 25).  This non-coding region of DNA evolves more 

quickly than coding regions, and may vary among species within a genus or among 

populations (29).  As of July 2008, the online database Genbank (www.ncbi.nlm.nih.gov ) 

has 187 nucleotide entries for the Lycoperdaceae, a family of puffball fungi oftentimes linked 

with fairy ring occurrence on golf greens.   Sequences of the ITS region make up the bulk of 

this nucleotide data (77%), creating a valuable resource for comparison of unknown puffball 

isolates to characterized species.  

Vascellum curtisii (Berk,) Kriesel and Bovista dermoxantha (Vittad) De Toni are two 

puffball species associated with fairy rings on Agrostis spp. in Japan (23).   These two 
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species were originally identified as Vascellum pratense (Pers.) Kreisel and Lycoperdon 

pusillum Batsch (Y. Terashima, pers. comm.), respectively. Terashima et al. (25) developed 

the primer sets CHI-F1/CHI-R2 and HIM-F2/HIM-R3 for specificity to Bovista dermoxantha 

and Vascellum curtisii, respectively, and later described the morphology and ecology of the 

two organisms (24). 

In 2007 and 2008, we collected basidiocarps and infested soils from fairy rings in golf 

course putting greens to determine the identity and distribution of the most common fairy 

ring pathogens. When basidiocarps have been present, puffball fungi have been present in the 

majority of cases. Based on morphological characteristics of the puffballs, we have identified 

Bovista dermoxantha and Vascellum curtisii in Florida, Hawaii, South Carolina, and North 

Carolina. ITS sequences of isolates obtained from these puffballs differed by only 1-3 

mutations from ITS sequences of Japanese isolates of Bovista dermoxantha and Vascellum 

curtisii, further supporting our morphological identification.       

 The objectives of this study were to investigate a soil DNA extraction technique for 

the recovery  of fairy ring pathogen DNA from infested soils, and to use ITS sequences of the 

extracted DNA for the purpose of pathogen identification.  An additional objective was a 

comparison of our sequencing results with a polymerase chain reaction (PCR)- based 

identification method using a previously designed primer set specific for certain fairy ring 

species.  These methods could provide evidence for identification of certain fairy ring species 

without the use of traditional morphological means, resulting in a greater understanding of 

the biology of this pathosystem, enabling less tedious detection of the pathogen involved, and 
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permitting specific management practices based on identification of the pathogen species 

present.     

MATERIALS AND METHODS 

Sampling and soil DNA extraction.  A cup cutter plug (10.8 cm diam X 10.2 cm deep) was 

taken along the margin of Type II fairy rings occurring on four putting greens in North 

Carolina and Texas in May 2008 (see Table 1).  For the LW location, samples were taken 

from two distinct fairy rings occurring 9 m apart on the same green.  Plugs were sliced 

longitudinally to expose the soil profile and stored at room temperature (22°C) in a humidity 

chamber until processed.  Soil DNA extraction was conducted similar to previous research 

examining basidiomycetes in soils (13).  Subsamples of 10 g were excised from the soil 

profile with an 11-mm cork borer at a 2.5-cm depth, where orange discoloration or thatch 

degradation was apparent.  The subsamples were suspended in 150 ml of 0.1 M sodium 

pyrophosphate, shaken for 5 min and washed with tap water through sieves of 850-, 250-, 

and 63 µm to remove bacteria and most fungal spores and maximize yield.  Sieves were 

rinsed with tap water and sterilized with 70% ethanol between samples.  DNA was extracted 

with PowerSoil DNA kits (Mo Bio Laboratories, Inc., Solana Beach, CA) from 0.25 g of 

washed organic material collected on the 63 µm sieve, as previous culture-based assays (1, 

26) detected greatest diversity of fungi in this 63-250 µm size range.   Particle washing 

removes most bacteria and spores of nontarget organisms such as ascomycetes and 

zygomycetes, and the use of sodium pyrophosphate to disperse soil colloids reduces the 

amount of washing required to achieve this effect (13, 26).  
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Japanese cultures of Vascellum curtisii (Vp1) and Bovista dermoxantha (Lp3) were 

grown at 26°C for 14 days on cellophane (Amersham Biosciences, Uppsala, Sweden) placed 

on Leonian media (12).  Genomic DNA was extracted from mycelia frozen at -80°C using 

the Easy-DNA Kit (Invitrogen Corp., Carlsbad, CA).  

ITS - PCR amplification and sequencing.  PCR amplification of rDNA regions ITS1, 5.8S 

rRNA, and ITS 2 was performed using the basidiomycete-specific primers ITS1f (5’-

CTTGGTCATTTAGAGGAAGTAA-3’) and ITS4b 

(5’CAGGAGACTTGTACACGGTCCAG-3’) (7).  PCR reactions were 50 µl in volume and 

consisted of 20 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5mM MgCl2, 200 µM each dNTP, 

200 nM each primer, 1.5 U of Taq polymerase (Bioline Inc., Taunton, MA) and 50 ng of 

genomic DNA.  Thermal cycling conditions involved an initial denaturation step at 94°C for 

1 min; followed by 32 cycles of 94°C for 30 s, 55°C for 1 min, and 72°C for 1 min; and a 

final extension step at 72°C for 2 min.     Amplification products were purified with a 

Qiaquick PCR Purification Kit (Qiagen Inc., Valencia, CA).  Cycle sequencing reactions 

were performed using a BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems 

Inc., Foster City, CA) and sent to the Duke University DNA Sequencing Facility for cleanup, 

electrophoresis and fluorometric analysis.  The consensus sequence for each isolate (∼ 750-

866 bp) was determined from 1-2 reactions each with primers ITS1f and ITS4b, except for 

isolate BR1GSX in which no contiguous sequence was found. A megaBLAST search of 

GenBank was performed with each consensus sequence. Cloning.  Purified amplification 

products were used as a template for TOPO TA cloning (Invitrogen Corp, Mississauga, 
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Ontario, Canada).  Clones with inserts of amplified ITS1f/4b fragments were confirmed via 

EcoR1 restriction analysis and sequenced with the T3 and T7 primer set.  Clone sequences 

were trimmed using the ITS1f and ITS4b primers as a template, yielding a 923 bp fragment 

for clones of BCPGSX, LW19ASX, LW19CSX and WMPGSX, and an 823 bp fragment for 

clones of isolate BR1GSX.  Sequences of cloned PCR fragments were compared within 

samples and against ITS regions that were directly sequenced from extracted soil DNA.    

Phylogenetic analysis.   Sequences from BCPGSX, LW19ASX, LW19CSX, WMPGSX, 

Vp1, and Lp3 were aligned using the ClustalW method in MegAlign (7.21, DNASTAR Inc., 

Madison, WI) and adjusted by visual examination.  A phylogenetic tree was constructed in 

MEGA 4 (21) using the neighbor-joining algorithm from genetic distances calculated using 

the Kimura two-parameter model using the downloaded sequence of Lycoperdon perlatum as 

an outgroup.  Bootstrap values were calculated in MEGA 4.0 based on 1,000 random 

samples of the data set.           

Species-Specific Primer Evaluation. PCR amplification using the primers CHI-F1 and 

CHI-R2 and primers HIM-F2 and HIM-R3 sets CHI-F1/CHI-R2 and HIM-F2/HIM-R3 (25) 

was performed on extracted soil DNA from each of the five samples and from known isolates 

Vp1 and Lp3.  PCR reactions were 30 µl in volume containing 20 mM Tris-HCl (pH 8.3), 50 

mM KCl, 1.5mM MgCl2, 200 µM each dNTP, 200 nM each primer, 0.9 U of Taq polymerase 

(Bioline Inc., Taunton, MA) and 50 ng of genomic DNA. Thermal cycling conditions for the 

HIM primer set involved an initial denaturation step at 95°C for 1 min; followed by 30 cycles 

of 95°C for 1 min, 57°C for 1 min, and 72°C for 1 min; and a final extension step at 72°C for 

10 min.    Thermal cycling conditions were similar for the CHI primer set, but the annealing 
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temperature was 63°C.   PCR products were separated in a 1% agarose gel at 100 V for 1 h 

and visualized by staining with ethidium bromide followed by UV illumination.  Sequences 

of the ITS 1f/4b fragments from each of these samples were examined for annealing sites for 

each of the primers using the ClustalW alignment method in MegAlign (DNASTAR Inc., 

Madison, WI). 

RESULTS 

 DNA was recovered from the soil at a concentration of 15-41 ng/µl from all 5 samples 

with the method described.  DNA was successfully amplified from each sample using the 

basidiomycete specific primers ITS1f and ITS4b, yielding a fragment containing sequences 

from the ITS1 and ITS2 regions of ribosomal DNA.  Consensus sequences from 756-866 bp 

in length were constructed from four out of the five samples.   Consensus sequences of 

BCPGSX and WMPGSX have 99% sequence similarity to a Genbank accession of 

Vascellum pratense (=Vascellum curtisii).  Consensus sequences of LW19ASX and 

LW19CSX have 93% sequence similarity to a Genbank accession of Lycoperdon pusillum 

(=Bovista dermoxantha) (Table 1).    

 Sequences from the cloned PCR fragments of these four samples were 99-100% similar 

to the consensus sequence obtained from directly sequencing the extracted soil DNA.  This 

provides strong evidence that many of the fragments amplified from the extracted soil DNA 

with the ITS1f and ITS4b primers were from our target fairy ring species.    

 A single contiguous sequence could not be formed from the ITS1f/ITS4b fragment 

amplified from soil DNA recovered from the Texas location.  Eight transformants with the 

ITS 1f/4b fragments inserted, however, were successfully obtained and sequenced.  The 8 
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cloned sequences of the ITS1f/ITS4b fragment were 823 bp long, and were 99% similar to 

each other with differences at only three sites.  Cloned sequences from the Texas location 

were 83% similar to several Genbank accessions of Trechispora sp, a genus known to be 

involved in superficial fairy ring symptoms (11).      

 Phylogenetic analysis of rDNA-ITS sequences of presumptive puffball species showed 

three distinct clades supported by high bootstrap values (Fig. 1).  Samples BCPGSX and 

WMPGSX are nested in a clade with a known isolate and Genbank accession of Vascellum 

curtisii.  Samples LW19ASX and LW19CSX are nested in a clade distinct from known 

sequences of Bovista dermoxantha. 

 As expected, PCR amplification of the target sequence was observed using primers CHI-

F1 and CHI-R2 from extracted DNA of Lp3, the known isolate of Bovista dermoxantha 

(Fig.2).  However, weaker bands were also noted in lanes with samples BCPGSX, BR1GSX, 

WMPGSX, and Vp1, which all did not have a proper annealing site in the ITS region for the 

CHI-F1 primer.   Similarly, target sequences of BCPGSX, WMPGSX, and the known isolate 

of Vascellum curtisii (Vp1) were PCR amplified with the HIM-F2 and HIM-R3 primers, but 

weak amplification was also observed for the isolate Lp3. Fragments from samples 

LW19ASX and LW19CSX were not successfully amplified with either primer set.  

DISCUSSION 

 Proper identification of the fungi responsible for fairy rings on golf greens is a key first 

step in our understanding of this pathosystem.  Pathogenic fungi associated with fairy rings 

on putting greens are both difficult to isolate from the soil and seldom sporulate in culture, 

making basidocarp morphology on the turf surface the sole source of pathogen identification.  
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In addition, the multitude of species implicated in fairy ring damage makes it difficult to tie 

symptom characteristics to a single pathogen species. Nucleic acid-based pathogen detection 

methods are being used more frequently by applied plant pathologists, especially when the 

pathogens are difficult to identify without significant expertise, or are difficult to isolate or 

identify in culture (28). These methods are potential tools that can help facilitate the 

identification of the basidiomycete species associated with fairy rings, and provide insights 

into the biology and ecology of these organisms. 

  The extraction and amplification of genomic DNA from soils has been conducted in 

many other experiments examining the species richness of environmental samples (3, 7, 13, 

20).  Using some of these methods, we successfully extracted, amplified, and sequenced 

genomic DNA of a specific fairy ring species from infested soil organic matter using a 

basidiomycete-specific primer set (ITS1f/ITS4b).  In four out of the five samples, cloning of 

amplified soil DNA was not necessary to generate a consensus ITS sequence that could be 

used for pathogen detection.  Clones were generated to assess the diversity of fragments 

generated by the PCR amplification. Sequences of cloned PCR fragments were all highly 

similar to one another and to the sequences obtained from direct sequencing of the PCR 

products, indicating a great proportion of the rDNA amplified by the primers ITS1f and 

ITS4b was our target fairy ring species. 

 A library of species-specific primers for each fairy ring fungus would presumably be a 

valuable asset to the identification and detection of fairy ring fungi in infested soils.  We 

evaluated previously developed species-specific primers for Japanese isolates of Vascellum 

curtisii and Bovista dermoxantha, and found the proper annealing sites nested in our 
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amplified ITS sequences.   However, non-specific annealing of the primer set and false 

positive amplification of non-target species occurred under the PCR conditions used in this 

study.  Annealing sites for one of the two primers were present in the ITS regions of each of 

the false positives.  The non-specific annealing occurred with the CHI-F2 and HIM-R3 

primers, which each had 11 and 10 mismatches respectively on the ITS sequences that were 

weakly amplified.  False positives may have also occurred in these samples because the 

primer set cross-reacted with other species or strains that were present in the soil samples, or 

there was additional genetic variation in the isolate collection used to develop the primers 

that was unaccounted for.  Further experiments under differing PCR conditions are needed to 

confirm this result.  

 There are inherent problems with the use of species specific PCR probes as the sole 

source of evidence for pathogen detection.  In some instances, they may only be specific and 

effective for the sample population that was used to develop them (27). Mutations at a 

primer-binding site may prevent DNA amplification or conversely, false positives can occur 

when species-specific primer sets cross-reacts with other species (28).  Until we develop a 

comprehensive understanding of the diversity of fairy ring pathogens in golf course putting 

greens, it will not be possible to develop species-specific primers that will be effective across 

geographical regions. Sequencing may therefore be a more effective and reliable tool for 

identification. The results of this study demonstrate that direct sequencing of PCR products 

from soil DNA extractions is a viable method for identification of fairy ring pathogens. 
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Table 3.1.  Origin, host species, and sequencing results for soil DNA extractions 

 
Sample 

 
Origin 

 
Host species 

Consensus 
length† 

BLAST 
Result ‡ 

% 
match § 

# of 
clones ¶ 

BCPGSX Raleigh, NC ‘Penn A-1’            
creeping bentgrass 

826 bp Vascellum 
pratense 

99% 5 

BR1GSX Fredericksburg, 
TX 

‘L93’/‘SR119’/‘SR11
20’ creeping bentgrass 

823 bp# Trechispora 
sp.# 

83%# 8 

LW19ASX Raleigh, NC ‘Penncross’           
creeping bentgrass 

812 bp Lycoperdon 
pusillum 

93% 4 

LW19CSX Raleigh, NC ‘Penncross’            
creeping bentgrass 

866 bp Lycoperdon 
pusillum 

93% 8 

WMPGSX Wilmington, NC ‘419’ bermudagrass 756 bp Vascellum 
pratense 

99% 5 

†  Length of the consensus sequence of fragment amplified with the ITS1f/4b primer set 

‡  Fragments amplified with primers ITS1f and ITS4b were compared with accessions to 

Genbank (www.ncbi.nlm.nih.gov ) with the megaBLAST search function.  Fungal species 

with the highest sequence similarity listed in this column.  

§ Percent similarity of consensus sequence with BLAST result.  

¶  Number of clones with successful insertion of amplified ITS 1f/4b fragment.  Clones were 

subsequently sequenced and analyzed for similarity to directly sequenced soil DNA. 

# Consensus length, BLAST result, and similarity based on cloned DNA sequence of the ITS 

1f/4b fragment.  
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Table 3.2. Polymerase chain reaction (PCR) assay for detection of Bovista dermoxantha 

and Vascellum curtisii from soil samples.    

  Annealing sites†  PCR amplification‡ 

Lane  Sample  CHI-
F1 

CHI-
R2 

HIM-
F2 

HIM-
R3  CHI-

F1/R2 
HIM-
F2/R3 

1 BCPGSX - + + +  + ++ 

2 BR1GSX - + - -  + - 

3 LW19ASX - + - -  - - 

4 LW19CSX - + - -  - - 

5 WMPGSX - + + +  + ++ 

6 Vp1 - + + +  + ++ 

7 Lp3 + + + -  ++ + 

†  Annealing sites for primer either present (+) or absent (-) in ITS sequence of sample. 

‡  PCR amplification visualized via gel electrophoresis.  - = no band, + = slight band, ++ = 

strong band 
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Fig. 3.1. Neighbor joining phylogram of related puffball species produced from sequences of 

ribosomal DNA regions internal transcribed spacer (ITS)1, 5.8S, and ITS2.  Scale bar 

indicates the horizontal distance corresponding to genetic distance as calculated by the 

Kimura 2-parameter model.  Bootstrap values are indicated adjacent to nodes and are based 

on 1,000 samplings of the data set.   
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Fig. 3.2.  DNA fragments amplified with the primers CHI-F1 and CHI-R2 (top) and with the 

primers HIM-F2 and HIM-R3 (bottom).  M, 100 – 2000 bp marker (main bands at 2000, 

1000, and 300); lane numbers are as listed in Table 3.2.   
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CHAPTER FOUR 

 

EVALUATION OF PREVENTIVE FUNGICIDE APPLICATIONS FOR FAIRY 

RING CONTROL IN GOLF PUTTING GREENS AND IN VITRO SENSITIVITY  

OF FAIRY RING SPECIES TO FUNGICIDES1 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Miller, G. L., M.D. Soika, and L.P. Tredway.  2010.  To be submitted to Plant Disease. 
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ABSTRACT 

Miller, G. L., M.D. Soika, and L.P. Tredway.  2010. Evaluation of preventive fungicide 

applications for fairy ring control in golf putting greens and in vitro sensitivity of fairy ring 

species to fungicides. 

 

Fairy ring fungi induce symptoms in turfgrasses by modifying the physical and/or chemical 

properties of the soil.  Therefore, curative management of this disease requires both 

remediation of soil properties with cultural practices and suppression of pathogen growth 

with fungicide applications. Evaluation of fungicide application timing, rate, and method for 

preventive fairy ring control was conducted with two field experiments on a sand-based 

creeping bentgrass (‘Penn A-1’) putting green. AUDPC values were lower in plots with 

preventive treatments of tebuconazole, triadimefon, and triticonazole as compared to 

untreated controls. No statistical difference was observed in plots treated with triadimefon or 

tebuconazole applied at different soil temperature thresholds, however, disease severity 

tended to be lowest at the 13-16°C threshold.  In 2009, symptoms occurred earlier in plots 

treated with a surfactant tank-mixture compared to those that were treated with fungicide 

alone.  An in vitro mycelial growth assay was used to determine the sensitivity of 16 isolates 

representing major species of fairy ring pathogens to flutolanil, propiconazole, tebuconazole, 

triadimefon, and triticonazole. Isolates were significantly less sensitive to triadimefon than 

all other fungicides tested.  No differences in fungicide sensitivity were detected among fairy 

ring species, indicating pathogen identification may not be critical for proper fungicide 

selection. 
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INTRODUCTION 

Fairy rings are a severe disease problem on golf courses and other highly maintained 

turf areas.  The most commonly used grasses on golf courses in the U.S. are turf-type 

varieties of  creeping bentgrass (Agrostis palustris Huds.), a cool-season (C3) species, and 

hybrid bermudagrass (Cynodon dactylon x transvaalensis (L.) Pers.), a warm-season (C4) 

species, which are bred for tolerance to low mowing heights (3).  Fairy rings can cause 

severe damage on both of these grasses, especially on putting greens where turf is under the 

most stress due to intense agronomic practices.   

Fairy ring symptoms appear along the outer margin of a developing subsurface fungal 

colony, where the density of mycelium is greatest (30).  Rings can take three types, and one, 

two, or all three of these types can be observed in an affected area (29, 33).  The most severe 

symptom (Type I) occurs in the summer as necrotic bands of turf from 10 - 30 cm wide and 

up to 4.5 – 9 m in diameter (5, 29).  These necrotic bands are most commonly an artifact of 

drought-stressed turf, caused by a combination of dense fungal mycelium and production of 

organic coatings rendering the underlying soil hydrophobic (2, 13, 39). A second symptom is 

the stimulation of turf growth in rings or arcs (Type II) caused by release of plant available 

nitrogen (14, 26, 29).   Ammonia levels may reach toxic levels, contributing to plant 

mortality and production of Type I symptoms (10, 30). Fairy rings may also produce circles 

of basidiocarps (Type III), which have no direct effect on turf health but can reduce the 

aesthetic appearance of a turf area (29, 33). 

Fungicides that target basidiomycetes, such as flutolanil, azoxystrobin, and 

pyraclostrobin, have been found most effective for curative control of fairy ring (11, 20, 21, 
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35). However, curative suppression with these fungicides has been marginally efficient due 

to the water repellent nature of the underlying soil making fungicide delivery difficult (5, 31, 

32).  Tank-mixtures with soil surfactants and heavy irrigation are necessary to deliver the 

fungicide to the target zone (4, 16, 25).  High-pressure injection of fungicides into the soil 

profile with specialized equipment has been effective, but has not been widely adopted due to 

high costs associated with the application (1, 12).  Even with these methods, curative fairy 

ring control is limited because remediation of soil physical properties as well as pathogen 

suppression is necessary for turf recovery.    

 The sterol demethylation inhibiting (DMI) fungicides have been used extensively in 

turfgrass disease control for over 20 years.  These compounds bind to and inhibit cytochrome 

P450, a catalyst needed for the oxidative demethylation of eburicol in the biosynthesis of 

ergosterol (18).  These fungicides are currently in wide use due to their systemic nature,  

demonstration of preventive and curative activity, and long residual control.  The DMIs are 

also very effective soil fungicides, and are efficacious against a wide array of fungal species, 

including many basidiomycete wood-rotting fungi and plant pathogens (7). However, the 

DMIs also can have significant plant growth regulating activity on turfgrass, which can result 

in phytotoxicity during high stress periods (34).     

Over 50 different basidiomycete fungi have been implicated in fairy ring occurrence 

(5), but seldom is it known which fungus is actually responsible in a given circumstance.  

Marasmius oreades is the most researched and most commonly named causal agent of fairy 

ring damage.  Arachnion album Schwein, Bovista dermoxantha (Vittad.) de Toni, 

(=Lycoperdon dermoxanthum Vittad.) and Vascellum curtisii (Berk.) Kreisel (=Lycoperdon 
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curtisii Berk.) are more commonly observed in association with Type I and Type II fairy ring 

symptoms on putting greens in the Southeast United States (22).  Reports of inconsistent 

curative control of fairy ring by golf superintendents are common, and it is unknown if the 

diversity of fungi involved and varying fungicide tolerances may be an underlying cause of 

erratic control among these sites.  

  The use of in vitro growth assays for assessing the sensitivity of fairy ring fungi to 

fungicides is limited.  In 1973, Dale used in vitro screening of several fungicides for activity 

against Lycoperdon perlatum Pers. in an effort to identify alternatives to cadmium and 

mercury-based fungicides (6).  In vitro mycelial growth assays were also used to determine 

the effect of benomyl on the growth of unknown basidiomycete fungi causing superficial 

fairy rings (6, 15).  In vitro growth assays have not been used to determine the sensitivity of 

fairy ring pathogens to modern fungicides. 

Preventive fungicide applications are a standard control strategy for many soilborne 

turfgrass diseases (5).   Despite the erratic nature and problems associated with curative 

control of fairy ring, a preventive fungicide program for this disease has not been 

investigated fully. In North Carolina, previous research found significant fairy ring control 

with two low rate preventive applications of myclobutanil, metconazole, tebuconazole, 

triadimefon, and triticonazole (23, 38).    

 The purpose of this research was to investigate various application strategies in the 

use of DMI fungicides for preventive fairy ring control.  In an effort to develop a preventive 

fairy ring management program, the specific objectives were to (i) evaluate the impact of 

application timing and fungicide rate on fairy ring control, (ii) investigate the influence of 
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irrigation timing and soil surfactant tank-mixtures (iii), and compare the in vitro sensitivity of 

some common fairy ring species to selected fungicides.      

MATERIALS AND METHODS 

Site Description 

 Field experiments were conducted at the Lake Wheeler Turfgrass Field Laboratory in 

Raleigh, NC on a creeping bentgrass research plot (cv. ‘Penn A-1’). The plot was constructed 

in 2005 according to USGA specifications (3) with a rootzone mix of 85% sand and 15% 

sphagnum peat moss by volume.  In 2007, the plot area was found to be naturally infested 

with fairy rings caused by Vascellum curtisii (Berk.) Kreisel, however, Arachnion album 

Schwein. was also identified from infested soil and basidiocarps in 2009 (22).  Plots were 

fertilized with nitrogen at 317 kg ha-1 in 2007, 366 kg ha-1 in 2008, and 292 kg ha-1 in 2009.  

Plots were mowed five times a week at 3.5 mm during the fall and spring and at 4.0-4.5 mm 

during the summer with clippings collected.  Plots were hollow-tine aerified in the spring and 

fall with 1.6 cm diameter tines set at 3.8-5.1 cm spacing. The fungicides chlorothalonil, 

fosetyl-Al, iprodione, and boscalid were applied as needed for control of non-target diseases.  

The study site was irrigated as needed to prevent drought stress.  

Application rate and timing  

 A 3-year field experiment (Experiment 1) was initiated in 2007 to determine the 

optimal rate and timing of triadimefon and tebuconazole applications for fairy ring 

prevention. Plots were 4.6 m2 with treatments arranged in a split-plot randomized complete 

block design with application timing as the main plot and fungicide as the subplot. Plots were 

not re-randomized between trial years.  Treatments were initiated in the spring when 5-day 
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average soil temperatures reached 10°C, 13°C, 16°C, 18°C, 21°C, or 23°C.  Soil 

temperatures were collected daily with a Watchdog® data logger (Spectrum Technologies, 

Plainfield, IL) with an external soil probe located 5 cm below the turf surface. Single 

applications of triadimefon were applied at the 0.15 g a.i. m-2 and 0.30 g a.i. m-2 rate, and 

single applications of triticonazole were applied at the 0.08 g a.i. m-2 and 0.15 g a.i. m-2 rate.  

Fungicides were applied with a CO2-powered boom sprayer at 276 kPa using flat fan nozzles 

(TeeJet 8004; TeeJet Technologies, Spraying Systems Company, Wheaton, IL) calibrated to 

deliver H2O at 81.5 mL m-2. No wetting agents were tank-mixed with these applications, but 

the soil surfactant Cascade Plus® (Precision Laboratories Inc. Waukegan, IL) was applied at 

1.27 mL m-2 separately on regular intervals to prevent the development of localized dry spot.  

Surfactant tank-mix and irrigation timing 

 A 2-year field experiment (Experiment 2) was initiated in 2008 to examine the impact 

of irrigation timing and surfactant tank-mix on the performance of preventive DMI 

applications. Plots were 4.6 m2 with treatments arranged in a split-block randomized 

complete block design with fungicide as the main plot and irrigation timing and surfactant 

tank-mix as subplots.  Plots were not re-randomized between trial years.  Triadimefon (0.15 g 

a.i. m-2) and triticonazole (0.08 g a.i. m-2) were applied with a CO2-powered boom sprayer at 

276 kPa using flat fan nozzles (TeeJet 8008; R&D Sprayers, Opelousas, LA) calibrated to 

deliver H2O at 81.5 mL m-2. Fungicides were applied with or without the surfactant 

Revolution® (Aquatrols, Paulsboro, NJ) at a rate of 1.86 mL m-2. Irrigation timing treatments 

included hand-watering with 6.4 mm of irrigation either immediately or 10 hours post 

fungicide application. No additional surfactants were applied to these plots.  Treatments were 



 83 

applied on March 28 and April 25 in 2008 and March 31 and April 28 in 2009.  Average soil 

temperature during the first application date of both years was between 13 and 16°C.   

Disease evaluation 

 Disease severity was evaluated every 7-14 days from May through September using 

both visual estimation and discrete measurement.  Disease was assessed on a visual 0-9 scale 

of increasing disease intensity (1-4 = type II rings, 5-9 = type I rings) and by measuring the 

length and width of fairy ring arcs to derive percent diseased plot area.  Area under the 

disease progress curve (AUDPC) was calculated from percent diseased plot area using the 

trapezoidal rule.  Date of initial disease observation (Ti) was calculated as the Julian day of 

each year. Turfgrass quality was assessed visually by estimating the overall uniformity, 

density, and color within each plot after each fungicide application and during each disease 

severity rating. Turfgrass quality was quantified using a 1 to 9 scale (9 = best, 5 = minimally 

acceptable, and 1 = bare ground). 

 For both studies, statistical analyses were conducted using SAS (version 9.1; SAS 

Institute, Cary, NC).  Least square means (LSMeans) for AUDPC and Ti were subjected to 

analysis of variance using the PROC MIXED procedure with repeated measures to analyze 

treatment effects and differences among and within trial years.  LSMeans were separated 

with the Tukey test (α = 0.05).  Untreated control treatments were removed from the data set 

to analyze application timing.       

In vitro sensitivity of fairy ring species to fungicides. 

 The sensitivity of 16 isolates representing prominent fairy ring species (Table 4.1) to 

flutolanil, propiconazole, tebuconazole, triadimefon, and triticonazole was determined in a 
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mycelial growth assay.  Hyphal plugs (6 mm diameter) from actively growing colonies on 

Leonian agar (19, 36) were placed in the center of petri dishes containing Leonian agar 

amended with  nine concentrations (0, 0.002, 0.006, ,0.02, 0.06, 0.2, 0.6, 2, and 20 ug/ml) of 

technical grade formulations of flutolanil (Bayer CropScience, RTP, NC), propiconazole 

(Syngenta Crop Protection, Greensboro, NC), tebuconazole (Bayer CropScience, RTP), 

triadimefon (Bayer CropScience, RTP, NC), and triticonazole (Bayer CropScience, RTP) 

dissolved in acetone.  Fungicide solutions were added to autoclaved PDA cooled to 53ºC and  

the final concentration of acetone was 0.1% (v/v) in all treatments including the non-

amended control.   

 Cultures were incubated at 30ºC in the dark, and radial growth of colonies was 

measured when colony diameters reached at least 40 mm in the non-amended control.  Faster 

growing isolates such as Marasmius spp. or Coprinus spp. were measured 7 or 14 days after 

incubation, respectively.  All other isolates were incubated for 28 days before measurement.  

The diameter of each colony was measured in two perpendicular directions and the mean 

diameter was adjusted by subtracting the diameter of the plug.  Relative growth [RG =(the 

mean adjusted colony diameter on fungicide amended medium divided by the mean adjusted 

colony diameter on non-amended medium) X 100%] was determined for each isolate and 

fungicide concentration.  Each fungicide-isolate combination was repeated twice and the 

experiment was repeated twice.    

 The EC50 value for each replication of each isolate was estimated by linear regression 

of the probit-transformed relative inhibition value (RI=1-RG) on log10 transformed fungicide 

concentration (24). The EC50 value for each isolate was calculated as the mean of the two 
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replicates.  Differences in EC50 values among isolates and species were determined using 

ANOVA and means separation using the Tukey test (α = 0.05).   

RESULTS 

 In 2008 and 2009, fairy ring symptoms developed in the experimental area in mid-

June and mid-July, respectively, and were not present in the experimental area during the 

time when fungicide treatments were applied.  In 2007, symptoms were first observed in late 

May just prior to the 23°C soil temperature application, making this a curative treatment in 

eight plots. In both field experiments, disease severity decreased over the years of the study 

(p <0.0003).  In the application rate and timing experiment, AUDPC values were equivalent 

in 2007 and 2008 and significantly lower in 2009.  In the surfactant tank-mix and irrigation 

timing experiment, AUDPC values were significantly higher in the second year (Fig. 1).  

Statistical analysis of visual estimates of disease severity yielded similar results to 

measurements of percent diseased area.       

Application rate and timing 
	  
 Due to low disease severity, no significant differences were found among treatments 

in 2009.  Turf treated with both rates of tebuconazole and the high rate of triadimefon 

exhibited less fairy ring severity in 2007 and 2008 as compared to the untreated control (Fig. 

2).  Plots treated with the low rate of triadimefon also exhibited less disease severity, but 

were not statistically different from the control in 2007.  AUDPC values were lowest in plots 

treated at the 13°C and 16°C soil temperature thresholds, but were not statistically different 

from any other preventive treatment (Fig. 3).  Similarly, date of initial disease observation 

(Ti) was not statistically different among application timings (Fig. 4).  Phytotoxic effects, 
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noted as turf discoloration, were observed in plots treated with triadimefon in 2008, resulting 

in a decrease in overall turf quality as compared to other treatments (Fig. 5).  

Surfactant tank-mix and irrigation timing 

 Fairy ring symptoms became evident in the experimental area in mid-June and mid-

July of 2008 and 2009, respectively.  Two low rate applications of triadimefon and 

triticonazole significantly suppressed disease as compared to untreated controls in both 2008 

and 2009 (Fig. 6).  Fungicides performed similarly, and no differences were detected in the 

level of control among the fungicides.  Irrigation timing did not impact the efficacy of 

fungicide applications in either year. Although not statistically significant in either year, 

AUDPC values were higher in plots that received a fungicide plus surfactant tank-mixtures 

as compared to fungicide alone (Fig. 7). In 2009, fairy ring symptoms were observed 

significantly earlier in plots that were treated with a fungicide plus surfactant tank-mixture 

than those receiving fungicide alone (Fig. 8).   Turfgrass quality was significantly lower in 

plots treated with triadimefon in 2008 due to phytotoxicity (Fig. 9.).  Due to development of 

localized dry spot symptoms, surfactant-treated plots demonstrated significantly higher turf 

quality than those not receiving surfactant treatments (Fig. 10).   

In vitro sensitivity of fairy ring fungi to fungicides 

 No significant differences in EC50 values were detected among experiments, and the 

data were combined for analysis. Significant differences in fungicide sensitivity among fairy 

ring species were not detected (p = 0.449).  In addition, isolates of the same species did not 

vary considerably in their in vitro sensitivity to individual fungicides (p=0.329).  Differences 

in sensitivity were detected among fungicides, however (Table 4.1).  Isolates were most 
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sensitive to tebuconazole (EC50 = 0.149) and triticonazole (EC50 = 0.263), moderately 

sensitive to propiconazole (EC50 = 0.371) and flutolanil (EC50 = 0.546) and least sensitive to 

triadimefon (EC50 = 0.821).  

DISCUSSION 

 Management of fairy ring in intensely managed turfgrasses is difficult due to the 

complex nature of the pathosystem.  The fungus imparts a hydrophobic condition on the soil, 

rendering delivery of fungicides difficult and requiring remediation of the soil for turf 

recovery.  Despite this, few studies have investigated the efficacy of preventive fungicide 

applications, which could eliminate the need for more costly curative practices.  Elliot et al. 

(9) found that four applications of flutolanil applied on a six week interval provided 

protection against fairy ring occurrence caused by a Lycoperdon sp.  Recently, two early 

spring applications of triadimefon or tebuconazole were found necessary to provide season-

long fairy ring control (38).  The study further demonstrates the efficacy of selected DMI 

fungicides for preventive fairy ring control, and provides some insight on the impact of 

application rate, timing, and method.   

  Proper timing of preventive applications is necessary to maximize the residual 

effectiveness of the fungicide and target a vulnerable portion of the pathogen’s life cycle.  

Because pathogen activity is not readily visible, environmental cues, such as soil 

temperature, have been used as indicators of preventive fungicide timing for control of soil 

borne turf pathogens (17).  Application timing did not significantly affect the performance of 

preventive applications in this study, provided fungicides were applied before the onset of 

symptoms.  In 2007, fairy ring symptoms occurred before fungicides were applied at the 
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23°C soil temperature threshold, resulting in significantly higher disease severity in those 

plots throughout the season.  Trends in the data do suggest that preventive applications made 

when 5-day soil temperature averages were between 13°C and 16°C were most efficacious. 

 Due to the difficulty of traditional morphological identification, fairy ring control 

studies on high amenity turfgrasses are often conducted without speciation of the causal 

agent  (11, 12, 20). Without pathogen identification, it is difficult to interpret the results of 

these studies, as different causal agents may respond differently to control practices. In our 

experimental location, Vascellum curtisii was present in 2007; however, puffballs of 

Arachnion album were associated with symptoms in 2009. No significant differences were 

noted in in vitro fungicide sensitivity among Arachnion album, Bovista dermoxantha, 

Coprinus spp.,  Marasmius spp., and Vascellum curtisii; major fairy ring species found on 

putting greens in a previous study (G. Miller, L. Grand, and L. Tredway, unpublished).  This 

result may indicate that identification of fairy ring species may not be as important as 

previously thought for determining and comparing the efficacy of control practices.     

 No differences in field efficacy were detected among the DMI fungicides tested in 

this study. This is in contrast to the results of our in vitro assay, in which the fairy ring 

pathogens tested were significantly more sensitive to tebuconazole (EC50 = 0.149) and 

triticonazole (EC50 = 0.263) than to triadimefon (EC50 = 0.821).  However, triadimefon has 

been shown to strongly adsorb to soil with an adsorption coefficient (Kd) of 19.4, and slowly 

breaks down into triadimenol, a soluble fungicidal active ingredient (28).  The longer soil 

residual and sustained biological activity may contribute to the effectiveness of triadimefon 

in fairy ring prevention.  
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 Fungicide application methods can also impact the efficacy and duration of 

preventive control.  This research provides evidence that tank-mixing a surfactant with a 

preventive fungicide diminishes the length of residual fairy ring control.  This is in direct 

contrast to a curative situation, where a surfactant must be tank-mixed with a fairy ring 

fungicide to aid delivery of the material through the hydrophobic layer and into the target 

zone of the soil profile.  Since hydrophobicity is not yet present in a preventive situation, the 

surfactant may diminish the soil residual of the fungicide and therefore reduce its efficacy.  

 DMI fungicides often exhibit plant growth-regulating properties due to reducing the 

formation of 14α-demethylated sterols in the plant by blocking obtusifoliol 14α-demethylase 

(37).  Phytotoxicity can result in some turfgrasses, particularly when the DMI fungicides are 

applied during periods of high temperatures (8). In this study, most DMI applications to 

creeping bentgrass did not produce significant phytotoxicity. In both experiments in 2008, we 

observed slight phytotoxicity due to preventive triadimefon applications that affected the 

color and quality of the creeping bentgrass.   In spring, bermudagrass putting greens may be 

more sensitive to the growth regulating effects of the DMI fungicides due to slower growth 

coming out of winter dormancy.   DMI phytotoxicity on a bermudagrass green was found to 

be rate- and fungicide-dependent when applied over the course of a summer season (34), but 

it is unknown if spring preventive DMI applications would result in similar reductions in 

bermudagrass quality.  

 Due to the erratic nature of fairy ring occurrence and the inability to artificially 

inoculate field plots, very few fairy ring trials are replicated on the same site.   Fairy ring 

severity significantly decreased across our experimental site among the years of our trial, 
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potentially increasing the effects of variation and decreasing detectable differences among 

our treatments.  Common experimental designs, such as a randomized complete block, may 

be inadequate to properly evaluate fairy ring control practices over multiple years. Re-

randomization of plots between years was not conducted in this trial to maintain the integrity 

of our controls and to allow for repeated measures analysis. Fairy rings move horizontally 

through the soil profile, with growth rates estimated to be 7 – 150 cm a year (5).  Even at a 

conservatively low growth rate, there is a high potential for fairy ring fungi to migrate from 

an untreated plot to a treated plot, leaving behind symptomless turf in the untreated plot. Plot 

designs that leave untreated area to serve as a reservoir for fairy ring inoculum may aid in 

reducing variability, but may require too much area to be feasible.   Higher level spatial 

analysis such as the covariate method, nearest neighbor adjustments, moving means, or the 

autoregressive method may be necessary to reduce variability not accounted for by blocking 

in experimental design (27).      

 Results from this and an earlier study (23) indicate that preventive low rate 

applications of the DMI fungicides triadimefon, triticonazole, tebuconazole, metconazole, or 

myclobutanil can be a significant tool in the suppression of fairy ring on putting greens 

caused by either Bovista dermoxantha or Vascellum curtisii. Further research is necessary to 

evaluate this preventive strategy for use on bermudagrass greens, on tee or fairway areas, and 

for control of other fairy ring species.     
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 Table 4.1.  In vitro sensitivity of fairy ring isolates to flutolanil, propiconazole, 
tebuconazole, triadimefon and triticonazole. 
 
 
  EC50 concentration (ug/ml)x 

Isolate Speciesy Flutolanil Propiconazole Tebuconazole Triadimefon Triticonazole 
NCP2 A. album  0.321 b 0.620 a 0.566 a  1.09 a 9 a  0.541 ab 
NCP50 A. album  0.197 c 0.576 a   0.220 ab  1.31 a 1.31 a  0.227 bc 
SCP1 A. album  1.03 b 0.150 a   0.162 ab  0.487 a 0.061 c 
CAP1 B. dermoxantha  0.243 bc 0.230 a   0.100 ab  0.675 a 0.144 c 
FLSB1 B. dermoxantha  0.650 bc 0.150 a   0.154 ab  0.565 a 0.092 c 
ILSB1 B. dermoxantha  0.699 bc 0.163 a 0.003 b  0.680 a   0.173 bc 
Lp3 B. dermoxantha  0.397 bc 0.517 a   0.053 ab  0.635 a   0.307 bc 
NCP34 B. dermoxantha  0.155 c 0.329 a   0.225 ab  0.940 a   0.394 ab 
NCP47 B. dermoxantha  0.210 bc 0.504 a   0.372 ab  0.593 a 0.743 a 
SCP2 B. dermoxantha  1.90 a 0.328 a   0.041 ab  0.871 a 0.732 a 
OKSB1 Coprinus sp.  0.312 bc 0.754 a   0.139 ab  0.975 a   0.216 bc 
NCSB2 Marasmius sp.  0.313 bc 0.519 a   0.164 ab  1.49 a 0.109 c 
HIP1 V. curtisii  1.03 b 0.185 a 0.003 b  0.557 a 0.091 c 
NCP24 V. curtisii  0.274 bc 0.468 a   0.152 ab  0.539 a   0.241 bc 
NCP31 V. curtisii  0.668 bc 0.217 a 0.003 b  0.714 a 0.045 c 
NCSB4 V. curtisii 0.334 bc 0.231 a 0.028 b  1.01 a 0.086 c 
       
Meanz   0.546 b   0.371 bc 0.149 d  0.821 a 0.263 cd 
x EC50 = concentration required for 50% inhibition of mycelial growth.  Values followed by 
the same letter within a column are not significantly different according to the Tukey test (α 
= 0.05).  
y Fairy ring fungi identified in (22). 
z Mean EC50 values for all isolates.  Values followed by the same letter within the row are not 
significantly different according to the Tukey’s studentized range test (α = 0.05).   
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Fig. 4.1.  Area under the disease progress curve values (AUDPC) in response to year of 
study. Experiment 1 corresponds to the field trial evaluating application rate and timing.  
Experiment 2 corresponds to the field trial evaluating the effect of surfactant tank-mix and 
irrigation timing.  Bars followed by the same letter within an experiment are not significantly 
different according to the Tukey test (α = 0.05). 
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Fig. 4.2. Area under the disease progress curve values (AUDPC) in response to a single 
spring preventive fungicide application. Bars followed by the same letter within a year are 
not significantly different according to the Tukey test (α = 0.05). 
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Fig. 4.3. Area under the disease progress curve values (AUDPC) in response to timing of 
preventive fungicide application based on a prescribed soil temperature threshold. Bars 
followed by the same letter are not significantly different according to the Tukey test (α = 
0.05). 
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Fig. 4.4. Julian date of first observed disease symptom (Ti) in response to timing of 
preventive fungicide application based on a prescribed soil temperature threshold. Bars 
followed by the same letter are not significantly different according to the Tukey test (α = 
0.05). 
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Fig. 4.5. Average turf quality values in response to a single spring preventive fungicide 
application. Turf quality was estimated on a scale of 1 to 9 (1 = bare ground, 5 = minimally 
acceptable, and 9 = best).  Bars followed by the same letter within a year are not significantly 
different according to the Tukey test (α = 0.05). 



 102 

 
 
Fig. 4.6. Area under the disease progress curve values (AUDPC) in response to two spring 
preventive fungicide applications. Bars followed by the same letter are not significantly 
different according to the Tukey test (α = 0.05). 
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Fig. 4.7. Area under the disease progress curve values (AUDPC) in response to preventive 
applications made with and without a surfactant.  Treatments were applied on March 28 and 
April 25 in 2008, and on March 31 and April 28 in 2009.   
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Fig. 4.8.  Julian date of first observed disease symptom (Ti) in response to preventive 
applications made with and without a surfactant.  Treatments were applied on March 28 and 
April 25 in 2008, and on March 31 and April 28 in 2009.  Bars followed by the same letter 
within a year are not different according to the Tukey test (α = 0.05).  
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Fig. 4.9. Average turf quality values in response to a two spring preventive fungicide 
applications. Turf quality was estimated on a scale of 1 to 9 (1 = bare ground, 5 = minimally 
acceptable, and 9 = best).  Bars followed by the same letter within a year are not significantly 
different according to the Tukey test (α = 0.05). 
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Fig. 10. Average turf quality values in response to surfactant application. Turf quality was 
estimated on a scale of 1 to 9 (1 = bare ground, 5 = minimally acceptable, and 9 = best).  
Bars followed by the same letter are not significantly different according to the Tukey test (α 
= 0.05). 
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SUMMARY AND CONCLUSIONS 

 Fairy ring was the first disease to be accurately associated with a microbial causal 

agent in turfgrass pathology (14).   However, unlike many other plant diseases, Koch’s 

postulates have not been completed for this pathosystem due to researchers’ inability to 

inoculate and reproduce fairy ring symptoms.  In addition, pathogen identification has relied 

solely on the morphology of above-ground basidiocarps since other characteristic 

morphological structures are not produced.  This method of identification has yielded reports 

of a myriad of different basidiomycetous fungi associated with disease symptoms on 

turfgrasses, but does not allow for identification from infested soils.  Due to the intense 

management of golf putting greens, basidiocarps seldom mature to a level necessary for 

morphological characterization, making determination of fairy ring etiology difficult.  In this 

study, we were able to find mature basidiocarps from symptomatic areas on golf putting 

greens, and combine the aspects of traditional and modern methods of fungal speciation.   

 This research investigated a number of different methods for speciation of fairy fungi 

from soil.  Preliminary investigations centered on developing methods for increasing the 

efficiency of isolation into pure culture from infested soils. Fungicides and carbon sources 

were evaluated as media additives with the aim of developing a selective media for the 

specific isolation of fairy ring fungi.  Wood baiting, soil dilution plating, soil sieving, and 

soil washing were assessed in conjunction with testing of selective medias. Some fairy ring 

species, such as Marasmius spp. and Coprinus spp., were more amenable to these isolation 

techniques.  In particular, these fungal species were successfully isolated with Thorn media 

(12), which contains lignin and benomyl as selective sources of carbon and fungicide, 
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respectively.  Wood baiting with birch toothpicks or pot labels also aided isolation of these 

two species, and resulted in basidiocarp formation of a Coprinus sp. in vitro. It became 

apparent, however, that these isolation techniques were insufficient for recovering fungi in 

the family Lycoperdaceae, which are commonly associated with fairy ring symptoms in the 

Southeast U.S.  This led to the use of a culture media originally developed by Leonian (7) to 

induce pycnidium formation of Sphaeropsidales that was later found to be useful for growth 

of Lycoperdaceae by Swartz (10).  The Leonian medium combined with benomyl as a 

selective agent provided a good semi-selective isolation media for puffball fungi from 

infested soils. 

 Even though we were able to develop improved isolation methods in this study, pure 

culture of fairy ring fungi was not achieved from many of our initial soil samples due to the 

slow growth of the target fungi and contamination from non-target fungi.  Additionally, 

many basidiomycetous fungi are unidentifiable by culture characters, and molecular analysis 

was necessary. Therefore, we also employed a cultureless method of identification based on a 

soil DNA extraction technique originally developed to examine the diversity of 

basidiomycetes in agricultural soils (8).  Combining this technique with the use of 

basidiomycete-specific primers, we were able to directly sequence known fairy ring species 

from 48% of our samples, as compared to a 23% recovery rate using traditional isolation 

methods.  This increase in identification efficiency allowed for the connection of above 

ground basidiocarp occurrence with pathogen presence in soil, and enabled the examination 

of a larger distribution of fairy ring fungi. 
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 Identification of unknown fairy ring species produced surprising results.  The overall 

species diversity sampled from 45 sites was lower than expected, considering only five 

previously identified fairy ring forming species were identified rather than the over 60 

species that have been reported on turfgrasses in all landscapes.  Although our sampling was 

done mainly in the Southeast U.S., it was striking that our sample population was dominated 

by the presence of only three species of Lycoperdaceae.  One species, Bovista dermoxantha 

(Vittad.) de Toni, was particularly cosmopolitan, and was identified from putting greens in 

California, Florida, Indiana, Illinois, South Carolina, North Carolina, and Wisconsin.   

 One species of Lycoperdaceae, Arachnion album Schwein., had not been previously 

associated with fairy ring occurrence. This species is rarely noticed and sampled since the 

puffball is small and its macromorphology is similar to other Lycoperdon species.  Arachnion 

album was originally described by Schweinitz from specimens collected in North Carolina, 

and is commonly associated with sandy soils including coastal sand dunes (1, 5). The sand-

based soil profile of a golf putting green may therefore provide a good habitat for this fungus. 

 Two other species of Lycoperdaceae, Bovista dermoxantha and Vascellum curtisii 

(Berk.) Kreisel, were also commonly found in this survey.  These two fungi were previously 

characterized in Japan, including morphology, ecology and seasonal occurrence in three 

different turfgrass systems (11).  Additionally, these researchers designed PCR primer sets 

specific for amplification of each species.  In our evaluation of these primer sets, target 

sequences were amplified successfully in our populations, however, we found numerous 

instances of false positive amplification with both soil DNA extracts and DNA extracts of 

known type material.  The cross-reactivity of these primers with our fungal species indicates 
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the variation in fairy ring species worldwide may preclude the use of specific PCR primer 

sets for definitive pathogen identification.  In this instance, sequencing of the ITS region of 

rDNA from unknown isolates for comparison to sequences from known reference isolates 

proved to be a more reliable method for speciation.  

 Field experiments were conducted to evaluate the management of fairy rings on golf 

putting greens.  Common recommendations for fungicide control revolve around curative 

fungicide applications with the addition of a surfactant to aid in fungicide delivery.  Although 

preventive fungicide applications are implemented for control of many other soil borne turf 

pathogens, no research had been conducted previously to evaluate preventive fungicide use 

for fairy ring control.  The focus of this research was to develop a preventive fungicide 

recommendation, and in conjunction with our identification methods, connect the 

management practice with known fairy ring species. 

 In preliminary trials, the DMI fungicides triadimefon and tebuconazole were shown 

to provide excellent suppression of fairy ring occurrence in summer when applied in late 

March and late April in NC.  For development of a fungicide recommendation, many 

elements regarding this preventive approach required directed research.  Questions to be 

answered included: (i) Would the preventive strategy work on other puffball species?; (ii) Do 

other DMI fungicides work in this program?; (iii) Are two applications required to achieve 

effective control?; (iv) How does application timing impact fungicide efficacy?; (v) Does 

fungicide rate impact level of residual control?; (vi) Does irrigation timing impact preventive 

control?; and (vii) Would tank-mixing a soil surfactant with the preventive fungicide impact 

control?  To answer the first two questions, we performed two trials on golf greens infested 
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with Bovista dermoxantha.  In these studies, we determined that the fungicides metconazole, 

myclobutanil, triticonazole, and triadimefon significantly suppressed fairy ring caused by 

Bovista dermoxantha (=L. pusillum) when applied as two low rate applications in late March 

and late April (Appendix B).   

 To address questions iii – v, we conducted a two-year experiment on a creeping 

bentgrass research plot.  In this experiment, we demonstrated that a single application of 

triadimefon and tebuconazole provided significant suppression of fairy ring caused by 

Vascellum curtisii as compared to untreated control.  Neither single application provided 

acceptable season long control, and no difference in severity was observed between high and 

low rate applications.  Presumably due to high variation within the study, no statistical 

difference was found among most application timing treatments.  There was a trend in the 

data, however, indicating applications made at the 5-day soil temperature average of 13°C or 

16°C were most efficacious. 

 Golf superintendents asked specific questions surrounding the impacts of fungicide 

plus surfactant tank-mixes and irrigation timing on preventive fungicide strategy, prompting 

the design of an experiment in 2008 to address these questions (vi and vii above).   

Triticonazole and triadimefon were applied twice in late March and late April at low rates.  

Both fungicides provided good control of fairy ring as compared to untreated controls. 

Irrigation timing (immediate vs. 10 hr post fungicide application) had no significant impact 

on fungicide performance in this study.  Statistical differences in disease severity were not 

detected among fungicide + surfactant tank-mixes as compared to the fungicide alone.   

However, date of first disease incidence (Ti) was significantly later in one of the two years in 



 113 

plots receiving fungicide alone, indicating that surfactants can reduce the longevity of fairy 

ring control.   

 These field trial results led to the development of our current recommendation for 

preventive fairy ring control on golf putting greens.   This application strategy can reduce the 

amounts of fungicide and other practices needed to remediate fairy ring in a curative strategy. 

We recommend two preventive low rate applications of triadimefon or metconazole (the only 

DMI fungicides currently labeled for fairy ring use) initiated when soil temperatures 

consistently average 13-16°C.   We recommend these applications be watered-in with 3.2 to 

6.4 mm of irrigation immediately after application if possible, but if this is not possible, they 

must be watered-in during the night irrigation cycle.  We also recommend that preventive 

fairy ring fungicides should not be tank-mixed with soil surfactants.  Conversely, curative 

fungicide applications must be tank-mixed with a surfactant to achieve satisfactory fairy ring 

control.  

 Lastly, in vitro sensitivity of several fairy ring fungi to modern fungicide chemistries 

was evaluated.  Only one previous experiment was conducted to investigate sensitivity of 

fairy ring species to fungicides (2), but none of the fungicides tested are currently labeled for 

use in the turfgrass industry.  In our study, fungicides displayed different biological activities 

to prominent fairy ring species.  Interestingly, triadimefon was found to be the least 

biologically active on fairy ring species in this study, yet it is effective in the field when 

applied as a preventive control.  This implies that other aspects of fungicide chemistry, such 

as soil adsorption and persistence may also be important in the efficacy of field control.  

Also, there were no significant differences in fungicide sensitivity among the fairy ring 
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species examined in this study.  Therefore, pathogen identification may not be necessary for 

fungicide selection, at least among the species evaluated in this study.       

 The impact of this research is both immediate and forthcoming.  Immediate 

implementation of the preventive fungicide strategy outlined in this research resulted in 

reports from superintendents throughout the U.S. of increased control and management of 

fairy ring epidemics on golf putting greens with reduced cost.  This research also provides a 

foundation for the continued study of the fairy ring pathosystem by developing 

methodologies for assaying and identifying fairy ring species from infested soils.  With the 

information and methodologies presented in this study, the biology of the fairy ring 

pathosystem can be further unraveled. 

FUTURE RESEARCH 

 Very little is known about the fairy ring pathosystem.  The result of this “large black 

box” is that any piece of research will inevitably open up more questions that require 

investigation.  Outlined below are only a few of the directives that need to be addressed to 

expand our knowledge of the biology of the fairy ring pathosystem, and use that knowledge 

to develop more efficient and less costly management practices.   

1.) Expand the knowledge of the diversity of fairy ring pathogens in turfgrass systems.   

 The current state of knowledge of the diversity and range of basidiomycete species 

involved in fairy ring occurrence is still in its infancy.  Several regions of the country 

(particularly the Northeast and West) and the world were not included in this study.  In 

addition, this study was specific to golf putting greens, but the distribution of fairy ring 

species in other portions of the golf course and landscape has not been adequately assessed.  
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The potential use and development of the methodologies presented in this study should be a 

foundation for surveying these populations.   

2.) Assay the microbial diversity of soils that were previously infested by fairy ring 

fungi.   

 It is hypothesized that fairy rings occur in arcs or circles because mycelium is most 

dense at the periphery of the subsurface fungal colony, and within the ring microbes are 

decomposing older hyphae and organic acids.  No research could be found to definitively 

prove this.  If the reason for ring and not patch formation could be identified then perhaps it 

could be used as a control method.  Bacterial and fungal soil microbes should be assayed 

from soil recently associated with symptoms for comparison with the base species 

composition of a normal soil.  Although biocontrol has not been particularly successful in 

turfgrass systems, potential biocontrol agents could be identified with this assay and further 

evaluated for commercial use.   

3.) Investigate the impacts of fertility practices on fairy ring occurrence. 

 Lange (6) noted in grass fields that basidiomycete fungi reacted differently to 

different forms of nitrogen fertilizer.  Switching from NO3 to a solely NH4 source of nitrogen 

changed the composition of fungal flora, resulting in the disappearance of all fairy ring 

forming fungi except Agaricus campestris.  Lange postulated that the ammonium had a toxic 

effect on the fungus, but the result could also be a result of elevation of rhizosphere pH (6).  

Suppression of soil borne turf pathogens with fertilizer applications has recently been 

reported for spring dead spot (13) and take-all patch (4).   
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4.) Evaluate efficacy of preventive fungicide applications in other turf areas.  

 The preventive fungicide strategy outlined in this study is specific to golf putting 

greens.  This program should be evaluated and developed for use on fairways and tees where 

soil type and the diversity of fairy ring fungi may differ.  In addition, dollar spot or other 

patch diseases may also be suppressed with this application program, reducing the overall 

cost of controlling disease on golf courses. 

5.) Investigate variations on the preventive fairy ring control theme. 

 The high number of fungicide and surfactant products available to a turf manager 

makes it unfeasible to test all combinations in relation to preventive fairy ring control.  

However, some of the more prominently used products require evaluation.  In addition, it is 

not known if fungicide mixtures or alternation of fungicide chemistry can improve the level 

of preventive fairy ring control or minimize phytotoxicity.  For example, on creeping 

bentgrass, triadimefon could be applied as the initial treatment and triticonazole could be 

applied as the second treatment with the hypothesis that phytotoxicity would be reduced and 

the early triadimefon treatment would also preventively suppress diseases such as summer 

patch and dollar spot.   

 6.)  Develop inoculation procedures for replicated field research. 

 In my opinion, this is the holy grail towards developing our knowledge of biology of 

this pathosystem.  Successful field inoculations would greatly reduce variation in field 

experiments and greatly improve our ability to assess the efficacy of fairy ring management 

practices.  No evidence could be found in the literature indicating successful field 

inoculations.  In this study, several unsuccessful attempts at inoculation and symptom 
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reproduction were attempted in the greenhouse.  In controlled lab situations, some fairy ring 

fungi have been shown to colonize turfgrass roots (3, 11), but reproduction of stand 

symptoms has been more difficult to achieve.  Studies indicate basidiospores are the foci for 

individual rings, suggesting the formation of individual rings may be only be possible 

through spore germinaton.   Media for basidiocarp formation and spore germination may 

need to be developed to achieve this goal.  

 7.) Investigate the biology of a larger array of fairy ring species. 

 Marasmius oreades, or the fairy ring mushroom, is the most commonly researched 

fungus that causes Type I fairy rings (9).   Due to the relative ease of obtaining cultures and 

conducting lab research, most of our knowledge of fairy ring biology revolves around this 

species.  The reliance on one species as a model to characterize a diverse array of fairy ring 

species could lead to erroneous conclusions on the nature of fairy ring biology.  In this 

research, we describe three Lycoperdaceae species that are highly prevalent in fairy ring 

occurrence. Directed research focused on the epidemiology and ecology of these specific 

fairy ring pathogens would aid our understanding of the overall biology of the system, and 

may enable development of more effective control practices.  
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APPENDIX A 

 

EVALUATION OF SPRING FUNGICIDE APPLICATIONS FOR PREVENTATIVE 

CONTROL OF FAIRY RING CAUSED BY LYCOPERDON PUSILLUM ON 

BERMUDAGRASS AND CREEPING BENTGRASS PUTTING GREENS, 2008.1 
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1Miller, G. L., Soika M.D., and L.P. Tredway. 2009. Evaluation of fungicides for preventive 

control of fairy ring caused by Lycoperdon pusillum on bermudagrass and creeping bentgrass 

putting greens, 2008.  PDMR: 3:T058. 

Evaluation of spring fungicide applications for preventative control of fairy ring caused 

by Lycoperdon pusillum on bermudagrass and creeping bentgrass putting greens, 2008. 

 
Early spring applications of fungicides were evaluated for control of fairy ring caused 

by Lycoperdon pusillum on bermudagrass and creeping bentgrass putting greens with a 

history of infestation. The creeping bentgrass trial was conducted on ‘Penn A-1’ at the Quail 

Hollow Country Club in Charlotte, NC. The bermudagrass trial was conducted on ‘Tifdwarf’ 

bermudagrass at the Wilmington Municipal golf course in Wilmington, NC.  Both sites were 

maintained under normal putting green conditions.  Plots were 5 ft × 8 ft and arranged in a 

randomized complete block with four replications. Fungicides were applied in water 

equivalent to 2 gal per 1,000 sq ft with a CO2-powered sprayer at 40 psi using TeeJet 8004 

nozzles. All treatments were immediately watered-in with 0.25 in. of irrigation applied by 

hand with a hose and shower nozzle. Treatments were applied twice, on 22 Mar and 18 Apr 

on the bentgrass site, and on 25 Mar and on 22 Apr on the bermudagrass site.  The bentgrass 

site was mistakenly oversprayed with Heritage TL at 1 oz per 1,000 sq ft on 24 Jun. Disease 

severity was assessed using a 1 to 9 scale based on % plot area and severity of symptoms (1 

to 4=Type II symptoms (green rings), 5 to 9=Type I symptoms (necrotic rings)). Basidiocarp 

incidence was evaluated by counting the number of puffballs in each plot.  Turfgrass quality 

was evaluated using a 1 to 9 scale (9=best, 5=acceptable) based on color, density, and 

uniformity.  Significant phytotoxic treatment effects were evident on the bentgrass site on 19 



 123 

May, and rated on a 0 to 9 scale (0=no injury,9 =entire plot severely injured or killed.  All 

data were subjected to analysis of variance (α=0.05) and treatment means were separated 

with the Waller-Duncan k-ratio t test (k=100). 

On the bentgrass site, fairy ring symptoms were first observed and most severe in the 

experimental area in early August, which is later than expected presumably due to the 

accidental overspray of Heritage in late June. On the bermudagrass site, fairy ring symptoms 

were first observed and most severe in the experimental area in late June.. At the bentgrass 

site, preventive treatments of Heritage TL and Endorse did not suppress fairy ring, whereas 

applications of the DMI fungicides Bayleton, Trinity, Eagle, and Tourney afforded the best 

control.  On the bermudagrass site, Endorse was the only treatment with significant fairy ring 

occurrence, but symptoms were not evident in plots treated with Heritage TL.  At the 

bentgrass site, puffballs were observed on 12 Jun without turf symptoms, and on 6 Aug with 

turf symptoms. Puffballs were only observed at the bermudagrass site on 20 Jun.  Although 

not statistically significant on any rating date, puffballs occurred more frequently in 

treatments that also had significant fairy ring symptoms.   Phytotoxicity, evident as a general 

purpling or off-color symptom, was observed on the bentgrass site on 19 May.  Applications 

of Bayleton induced the most severe phytotoxicity at this time, with Banner MAXX and 

Tourney applications showing slighter amounts of injury.  Phytotoxic symptoms were no 

longer apparent by 12 Jun. Turfgrass quality at the bermudagrass site was only marginally 

acceptable for much of the study, presumably due to an underlying nematode infestation. 

Disease pressure was not severe on either the bentgrass or bermudagrass site, however this 
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study provides strong evidence that early spring applications of DMI fungicides are effective 

for prevention of fairy ring caused by Lycoperdon pusillum. 

 
Table A.1.  Efficacy of preventive fungicide applications for management of fairy ring 
on a creeping bentgrass green in Charlotte, NC. 
   Basidiocarp   
 Fairy ring severityz incidencey Phytotoxicityx 

Treatment and rate per 1,000 sq ft 6 Aug 22 Aug    12 Jun  19 May     12 Jun 
Banner MAXX 14.3ME 2.0 fl oz ......................................................... 2.0 bcdw 0.5 ab 1.5 a 1.5 ab     0.8 a 
Bayleton FLO 4SC 1.0 fl oz ................................................................. 0.5 cd 0.0 b 0.0 a 2.5 a 1.0 a 
Trinity 1.69SC 1.0 fl oz........................................................................ 0.0 d 0.0 b 0.0 a 0.0 b 0.5 a 
Eagle 20EW 1.2 fl oz ........................................................................... 0.3 d 0.75 ab 0.0 a 0.3 b 0.5 a 
Tourney 50WG 0.37 oz ........................................................................ 0.5 cd 0.75 ab 0.0 a 1.0 ab 0.0 a 
Heritage TL 0.8ME 1 fl oz ................................................................... 5.3 a 1.75 a 3.0 a 0.3 b 0.5 a 
Endorse 2.5WP 4 oz ............................................................................. 2.5 bc 0.5 ab 0.8 a 0.0 b 0.3 a 
Untreated Control ................................................................................. 3.3 ab 1.75 a 0.0 a 0.0 b 0.0 a 
      

z Fairy ring severity on a 1to 9 scale, where 1 to 4=green rings and 5 to 9=necrotic rings. 
y Basidiocarp incidence evaluated by counting the number of puffballs in each plot. 
x Phytotoxicity on a 0 to 9 scale, where 0=no phytotoxicity, and 9=entire plot severely 
injured or killed. 
w Value are means of four replications.  Means within columns followed by the same letter 
are not significantly different according to Waller-Duncan k-ratio t-test (k=100). 
 
 
Table A.2.  Efficacy of preventive fungicide applications for management of fairy ring 
on a bermudagrass putting green in Wilmington, NC. 
   Basidiocarp   
 Fairy ring severityz incidencey Turf Qualityx 

Treatment and rate per 1000 sq ft  20 Jun 18 Jul    20 Jun    20 Jun     18 Jul 
Banner MAXX 14.3ME 2.0 fl oz ......................................................... 1.3 bw 0.0 a 0.0 a 5.3 a 4.8 a 
Bayleton FLO 4SC 1.0 fl oz ................................................................. 1.5 b 0.0 a 0.0 a 6.1 a 6.0 a 
Trinity 1.67SC 1.0 fl oz........................................................................ 0.0 b 1.5 a 0.0 a 5.6 a 6.5 a 
Eagle 20EW 1.2 fl oz ........................................................................... 0.0 b 0.0 a 0.0 a 6.3 a 7.0 a 
Tourney 50WG 0.37 oz ........................................................................ 0.0 b 0.0 a 0.0 a 5.9 a 6.8 a  
Heritage TL 0.8ME 1 fl oz ................................................................... 0.0 b  0.0 a 0.0 a 6.3 a 6.3 a 
Endorse 25WP 4 oz .............................................................................. 4.8 a 2.3 a 3.5 a 5.5 a 7.0 a 
Untreated Control ................................................................................. 1.3 b  1.0 a 2.3 a 4.1 a 5.8 a 
      

z Fairy ring severity on a 1-9 scale, where 1-4=green rings and 5-9=necrotic rings. 
y Mushroom incidence evaluated by counting the number of mushrooms in each plot. 
x Turfgrass quality on a 1-9 scale, where 9=highest quality, and 5=acceptable. 
w Value are means of four replications.  Means within columns followed by the same letter 
are not significantly different according to Waller-Duncan k-ratio t-test (k=100). 
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RESULTS OF SUPPLEMENTAL PHYLOGENETIC AND STATISTICAL ANALYSES 
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Fig. A-2.1  Maximum parsimony phylogram of samples produced from sequences of 
ribosomal DNA regions partial nSSU rDNA, ITS1, 5.8S, ITS2, and partial nLSU rDNA. 
Bootstrap values are indicated adjacent to nodes and are based on 1,000 resamplings of the 
data set. Bootstrap consensus tree is shown. 
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Fig. A-2.2  Maximum parsimony phylogram of a subset of samples from the puffball clade 
produced from sequences of ribosomal DNA regions partial ITS1, 5.8S, ITS2. Bootstrap 
values are indicated adjacent to nodes and are based on 1,000 resamplings of the data set.  
Bootstrap consensus tree is shown.    
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Fig. A-2.3  Maximum parsimony phylogram of samples from the mushroom clade produced 
from sequences of ribosomal DNA regions partial ITS1, 5.8S, ITS2. Bootstrap values are 
indicated adjacent to nodes and are based on 1,000 resamplings of the data set. Bootstrap 
consensus tree is shown. 
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Table A-4.1.  Type III Tests of Fixed Effects for AUDPC variable in Experiment 1. 
 
Effect Num df Den df F value Pr > F 
Timing  5 34.3  2.66  0.0388 
Fungicide  4 33.8  11.2  < 0.0001 
Timing*Fungicide  20 41.8  1.27  0.2538 
Year  2 40.9  92.3  < 0.0001 
Year*Timing  10 56.5  2.09  0.0403 
Year*Fungicide  8 48.6  3.58  0.0024 
Year*Timing*Fungicide  40 84.2  0.83  0.7400 
 
 
 
Table A-4.2.  Type III Tests of Fixed Effects for Ti variable in Experiment 1. 
 
 
Effect Num df Den df F value Pr > F 
Timing  5  18.4  7.28  0.0006 
Fungicide  4  53.4  8.39  0.0001 
Timing*Fungicide  20  53.4  3.33  0.0006 
Year  2  71  51.35  < 0.0001 
Year*Timing  10  102  3.06  0.002 
Year*Fungicide  8  92.9  1.31  0.2619 
Year*Timing*Fungicide  40  110  0.83  0.7141 
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Table A-4.3.  Type III Tests of Fixed Effects for AUDPC variable in Experiment 1 (with 
untreated plots removed for application timing analysis). 
 
 
Effect Num df Den df F value Pr > F 
Timing  5 24.3  3.54  0.0153 
Fungicide  3 29.1  2.06  0.1278 
Timing*Fungicide  15 34.5  1.53  0.1496 
Year  2 63.4  79.6  < 0.0001 
Year*Timing  10 89.4  2.05  0.0374 
Year*Fungicide  6 42.6  0.74  0.6237 
Year*Timing*Fungicide  30 71.3  0.85  0.6810 
 
 
 
Table A-4,4.  Type III Tests of Fixed Effects for Ti variable in Experiment 1  (with untreated 
plots removed for application timing analysis). 
 
 
Effect Num df Den df F value Pr > F 
Timing  5  18.4  7.28  0.0006 
Fungicide  3  53.4  8.39  0.0001 
Timing*Fungicide  15  53.4  3.33  0.0006 
Year  2  71  51.35  < 0.0001 
Year*Timing  10  102  3.06  0.002 
Year*Fungicide  6  92.9  1.31  0.2619 
Year*Timing*Fungicide  30  110  0.83  0.7141 
 
 
Table A-4.5.  Type III Tests of Fixed Effects for average turf quality variable in Experiment 
1. 
 
 
Effect Num df Den df F value Pr > F 
Timing  5  12.8  1.48  0.2642 
Fungicide  4  30.9  5.64  0.0016 
Timing*Fungicide  20  41.9  0.96  0.5205 
Year  2  84.5  186.5  < 0.0001 
Year*Timing  10  121  3.03  0.0019 
Year*Fungicide  8  49.7  4.33  0.0005 
Year*Timing*Fungicide  40  86.9  0.79  0.7974 
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Table A-4.6.  Type III Tests of Fixed Effects for AUDPC variable in Experiment 2. 
 
 
Effect Num df Den df F value Pr > F 
Fungx 2  12.5 8.30  0.0051 
Irry 1  15.3 0.56  0.465 
Revz 1  15.3 0.06  0.813 
Irr*WA 1  15.3 0.32  0.579 
Fung*Irr 2  18 0.65  0.532 
Fung*Rev 2  18 0.55  0.588 
Fung*Irr*WA 2  18 0.65  0.532 
Year 1  19.8 19.9  0.0002 
Year*Fung 2  21.3 4.44  0.0245 
Year*Irr 1  19.8 0.01  0.9244 
Year*Rev 1  19.8 0.65  0.431 
Year*Irr*Rev 1  19.8 1.43  0.245 
Year*Fung*Irr 2  21.3 0.35  0.707 
Year*Fung*Rev 2  21.3 0.53  0.595 
Year*Fung*Irr*Rev 2  21.3 0.88  0.430 
 
x Fung = Fungicide Treatment 
y Irr = Irrigation Timing Treatment 
z  Rev = Surfactant Treatment 
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Table A-4.7.  Type III Tests of Fixed Effects for Ti variable in Experiment 2. 
 
 
Effect Num df Den df F value Pr > F 
Fungx 2  9.12 6.84  0.0153 
Irry 1  22.4 0.59  0.452 
Revz 1  22.3 4.29  0.0501 
Irr*Rev 1  22.3 1.00  0.329 
Fung*Irr 2  22.2 0.37  0.693 
Fung*Rev 2  22 1.54  0.237 
Fung*Irr*Rev 2  22 1.96  0.165 
Year 1  25.6 0.19  0.667 
Year*Fung 2  25.4 7.65  0.003 
Year*Irr 1  25.7 0.73  0.401 
Year*Rev 1  25.8 6.24  0.0192 
Year*Irr*Rev 1  25.8 1.21  0.281 
Year*Fung*Irr 2  25.5 0.79  0.466 
Year*Fung*Rev 2  25.6 4.73  0.0179 
Year*Fung*Irr*Rev 2  25.6 0.33  0.721 
 
x Fung = Fungicide Treatment 
y Irr = Irrigation Timing Treatment 
z  Rev = Surfactant Treatment 
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Table A-4.8.  Type III Tests of Fixed Effects for average turf quality variable in Experiment 
2. 
 
 
Effect Num df    Den df    F value Pr > F 
Fungx 2 44     3.41   0.0419 
Irry 1     59.8     0.10   0.7547 
Revz 1     59.8     5.65   0.0207 
Irr*Rev 1     59.8     0.41   0.5229 
Fung*Irr 2 44     1.00   0.3769 
Fung*Rev 2 44     1.17   0.3190 
Fung*Irr*Rev 2 44     0.85   0.4361 
Year 1     59.8 64.9    <0.0001  
Year*Fung 2 44     6.16   0.0044 
Year*Irr 1     59.8     0.10   0.7547 
Year*Rev 1     59.8     1.06   0.3066 
Year*Irr*Rev 1     59.8     1.13   0.2929 
Year*Fung*Irr 2 44     1.36   0.2665 
Year*Fung*Rev 2 44     0.95   0.3959 
Year*Fung*Irr*Rev 2 44     0.81   0.4534 
 
x Fung = Fungicide Treatment 
y Irr = Irrigation Timing Treatment 
z  Rev = Surfactant Treatment 
 
 

 
 

  


	Abstract
	Dedication
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Appendix

