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ABSTRACT OF THE DISSERTATION 
 

The Geographic Distribution, Genetic Structure and Cultural Management of Waitea 
circinata var. circinata, the Causal Agent of Brown Ring Patch of Turf Grass in the U.S. 

 
by 

 
Chi-Min Chen 

 
 

Doctor of Philosophy, Graduate Program in Plant Pathology 
University of California, Riverside, August 2011 

Dr. Greg W. Douhan, Chairperson 
 

 

Waitea circinata var. circinata (Wcc), the causal agent of brown ring patch, is an 

emergent disease of turfgrass in the U. S. It causes serious problems on golf course 

putting greens by disrupting the uniformity and aesthetic value. Based on morphological 

and molecular data, we identified that Wcc has a broad host range and is present in 

multiple states across the U.S. Besides annual bluegrass (Poa annua L.), Wcc was also 

found as a pathogen on rough bluegrass (Poa trivialis L.) and creeping bentgrass 

(Agrostis palustris). A new variety, W. circinata var. prodigus, was also reported in 2011 

causing basal leaf blight of kikuyugrass in southern California. To demonstrate the 

distribution of Wcc in the U.S., ribosomal DNA internal transcribed spacer regions and 

5.8S region (ITS) of 42 Wcc isolates collected from annual bluegrass obtained from nine 

States were sequenced. A total of 17 ITS haplotypes were observed and there was no 

obvious relationship between ITS haplotype and the geographic distribution of the 

isolates. This preliminary data showed that Wcc in the U.S. may be genetic diverse. To 
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further demonstrate the genetic variation of Wcc and examine how Wcc exchange genes, 

a 3 year study was conducted at a golf course in San Diego, California. High genotypic 

diversity and few clonal genotypes were found among the 116 isolates collected from two 

putting greens. Results suggest that the pathogen may be sexually reproducing in the field 

and that inbreeding could account for the gametic disequilibrium detected. Before the 

above studies had been conducted, very little information about the epidemiology of 

brown ring patch was known.  The disease was confused with another turf disease called 

yellow patch that produced similar yellow rings on greens. Attempts to manage brown 

ring patch similar to yellow patch makes the disease more severe. There was also concern 

that using trinexapac-ethyl (TE), a commonly used plant growth regulator to control 

turfgrass height, might be increasing disease severity. Our study showed that three 

nitrogen sources (nitrate, ammonium and urea) decreased brown ring patch severity. No 

difference in disease severity was found between treatments containing TE and the 

control plots that received no treatment. Azoxystrobin plus nitrogen or azoxystrobin plus 

nitrogen plus TE showed significant effect in alleviating brown ring patch severity in this 

study. To accurately evaluate disease severity of brown ring patch, digital image analysis 

(DIA) was compared to visual rating. Linear regression analysis showed that a bias 

existed between different raters regardless of the rater experience. Overall DIA and visual 

rating showed similar disease trends and cameras from digital camera to digital single-

lens reflex cameras yielded similar results. This study showed that Wcc is a pathogen 

with high genetic diversity and the sexual stage may play an important role in 

epidemiology. Brown ring patch could be detected without using expensive equipment 
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and this technique could help to develop a model for predicting this important turfgrass 

disease. Although similar to other turf grass diseases, this disease needs to be managed 

differently.  
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INTRODUCTION 

 Waitea circinata var. circinata (Wcc) has recently been described as the causal 

agent of brown ring patch in Japan on creeping bentgrass (Agrostis stolonifera L.) (Toda 

et al., 2005), and in the U.S on annual bluegrass (Poa annua L.) and rough bluegrass 

(Poa trivialis L.) (Chen et al., 2007; de la Cerda et al., 2007). W. circinata var. circinata 

has a Rhizoctonia anamorph, and is related to R. oryzae Ryker & Gooch (Waitea 

circinata var. oryzae, Wco) and R. zeae Voorhees (Waitea circinata var. zeae, Wcz) 

(Gunnel, 1986; Leiner and Carling, 1994).  

 In the U.S., brown ring patch was first confirmed as a disease in western 

Washington state in 2003 and recently characterized from annual bluegrass putting 

greens in the western U.S. (California, Nevada and Washington) (de la Cerda et al., 2007). 

It was recognized as a new disease and commonly referred to as “Waitea patch” until it 

was realized that the same pathogen was responsible for the disease on annual bluegrass 

in the U.S. and creeping bentgrass in Japan (de la Cerda et al., 2007; Toda et al., 2005).  

 Symptoms on annual bluegrass as described by de la Cerda et al. (de la Cerda et 

al., 2007) include thin yellow rings or semi-circles, several cm to one meter in diameter 

that can turn brown or necrotic, and often have a sunken appearance. Symptoms are 

typically observed at a range of 15 to 35ºC maximum daytime air temperature. Wcc 

appears to frequently colonize the foliage, crowns, upper roots and thatch in affected 

areas. This appears to make control difficult in some cases as multiple fungicide 

applications are often needed to eradicate the pathogen from the crowns, upper roots and 
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thatch for complete control. To complicate matters, the disease is superficially similar to 

other Rhizoctonia diseases such as leaf and sheath spot (R. zeae and R. oryzae) or yellow 

patch (R. cerealis van der Hoeven) that are reported to occur most frequently at high 

(>28ºC) and low temperatures (< 24ºC), respectively (Couch, 1995 ; Smiley et al., 2005). 

 In the spring and summer of 2006, yellow rings on annual bluegrass putting 

greens were reported from over fifty California golf courses and multiple locations in the 

Midwest and northeastern U. S. (K. Dannenberger, M. Boehm, J. Rimmelspach, D. Settle, 

J. Kaminiski, personal communication). These areas include golf course putting greens 

from Ohio, Illinois, Indiana, Pennsylvania, Connecticut, New York, Massachusetts, 

Maine and Rhode Island. In these cases, a Rhizoctonia-like fungus was recovered from 

symptomatic turf, but it was not clear which species was present.  

 The objective of this study was to (i) confirm the presence of Wcc as a pathogen 

of annual bluegrass in these diverse locations in the U.S. using morphological methods, 

and restriction fragment polymorphism analysis (RFLP) and sequence analysis of the 

internal transcribed spacer (ITS) region and (ii) assess the diversity of the pathogen ITS 

region. With regard to the latter objective, identification of a species by ITS region 

sequence is a useful tool, but there are limited numbers of Wcc isolates that have been 

characterized (de la Cerda et al., 2007; Toda et al., 2005). Assessing the ITS region 

diversity from a larger number of isolates has implications for improving ITS-based 

identification methods and would also provide a preliminary indication of intra-species 

diversity and the pathogen population biology. For example, no ITS diversity may 

indicate a recent introduction and spread of this pathogen whereas variability within this 
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region may indicate that this species was previously present and that other factors such as 

management practices or environmental changes were responsible for the apparent 

increase of this ‘new’ disease.  

 

MATERIALS AND METHODS 

 Isolate collection and maintenance. Most isolates were collected from diseased 

P. annua in 2006, but two isolates collected in 2005 and 2007 were included in this study. 

A list of isolates used in this study and their geographic origin is shown in Table 1. For 

isolates collected in the western U.S., a single symptomatic leaf blade was placed on ¼-

strength potato dextrose agar in 100-mm Petri plates (¼-PDA; 4.95 g potato dextrose 

agar, 5.63 g granulated agar (Fisher Scientific, Pittsburgh, PA), per 500 ml of deionized 

water (dH2O)) and incubated at room temperature. After 24 to 48 h, developing colonies 

on the plates were examined; isolates were identified as Rhizoctonia spp. by the 

diagnostic 90-degree branching of developing mycelia and colony appearance (Sneh et al., 

1991). Each isolate was obtained by transferring a 1- to 2-mm hyphal tip to a new ¼-

PDA plate with the aid of a dissecting needle and stereomicroscope. For all other isolates, 

infected plants were placed onto PDA and emergent hyphae subcultured onto new PDA 

24 to 48 hr later. These isolates were subsequently shipped to the Wong lab and hyphal 

tipped as described above. Unless otherwise noted, isolates were maintained in an 

incubator at 28ºC without supplemental light and transferred to new ¼-PDA every 21 

days for the duration of the study. 
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 Morphological characterization. A 5-mm-plug of each isolate was transferred to 

¼-PDA and full-strength PDA (19.5 g potato dextrose agar per 500 ml dH2O) and 

maintained in the dark at 28 ˚C. Identification of isolates was based on the width of 

several vegetative hyphae from one week old cultures, as measured with an optical 

micrometer (Leica 12.5MZ, Leica Microsystems Inc.,Bannockburn, IL), and diagnostic 

sclerotial (bulbil) and colony morphology from 21-day-old cultures as described by 

previous studies (Burpee and Martin, 1992; de la Cerda et al., 2007; Sneh et al., 1991; 

Toda et al,. 205). Morphological characterization was performed three times for each 

isolate. 

 DNA extraction and PCR amplification of ITS sequences. DNA extraction and 

ITS sequence amplification were performed based on methodologies developed by de la 

Cerda et al. (de la Cerda et al., 2007). Briefly, for each isolate, DNA was obtained from 

approximately 10 mg of mycelia scraped from cultures grown on PDA at 28 ˚C for 7 days. 

The PureGene DNA extraction kit (Gentra Systems, Minneapolis, MN) was used for 

DNA extraction following the manufacturers instructions. Five microliters of each 

extraction were separated on a 1.5% agarose-TBE gel by electrophoresis and stained with 

SYBR Green I nucleic acid stain (Molecular Probes, Eugene, OR) to estimate quantity 

and quality of DNA prior to PCR.  

 Amplification of an approximate 650bp portion of the rDNA-ITS region was 

performed using ITS1F (5’ CTTGGTCATTTAGAGGAAGTAA 3’) (Gardes and Bruns, 

1993) and ITS4 (5’ TCCTCCGCTTATTGATATGC 3’) (White et al., 1990). For each 

isolate, approximately 100 ng of DNA was used for PCR in a 20 µl reaction volume with 
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a final concentration of 0.2 mM each dNTP (Invitrogen, Carlsbad, CA), 0.375 µM of 

each oligonucleotide primer, 1× PCR buffer (Invitrogen), 2.5 mM MgCl2, and 0.5 units 

of Taq polymerase (Invitrogen). Amplification was performed in a PTC-200 

thermocycler (MJ Research, Waltham, MA) using one cycle of 94 ˚C for 3 min, followed 

by 30 cycles of 95 ˚C for 30s, 55 ˚C for 30s, and 72 ˚C for 1 min. PCR products were 

examined by electrophoresis with 5µl of each PCR products in 1.5% agarose-TBE gel to 

determine the success of amplification for each reaction. Products were stored at -20ºC 

for further restriction enzyme digestion and sequencing. 

 Restriction enzyme digestion analysis of amplified ITS-sequences. As reported 

by Toda et al. (2005), RFLP analysis of the ITS region with HapII could differentiate 

Wcc from Wco and Wcz. This procedure was used with the intent of rapidly screening 

and identifying the isolates as different Waitea circinata varieties. One microgram of the 

amplified rDNA-ITS region was digested with 10 units of MspI (New England Biolabs, 

Ipswich, MA), an isoschizomer of HapII. Reactions were incubated for at least one hour 

at 37˚C and the products were separated and visualized by gel electrophoresis in 2% 

agarose-TBE gels. 

 ITS sequencing and cloning. ITS regions from the isolates were amplified as 

described above and sequencing in both directions was performed at the Core 

Instrumentation Facility (CIF) of the University of California’s (UC) Institute of 

Integrative Genome Biology at UC Riverside. The sequencing reactions failed for some 

isolates (discussed in the results section) and it was suspected that this was due to indels. 

Therefore, these ITS PCR products were cloned using the TOPO TA sequencing 
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cloning® system (Invitrogen) as described by the manufacturer. Positive clones were 

transferred to 100 µl Luria-Bertani (LB) broth amended with 100 µg/ml amplicillin 

(Sigma, St. Louis, MO) in sterile 96-well microtiter plates and incubated overnight at 

37ºC. Five clones from each isolate were re-amplified using ITS1F and ITS4 and 

sequencing was performed as described above. The sequences were edited using 

Sequencher (version 4.6, Gene Codes Corporation, Ann Arbor, MI), Clustal X (version 

1.81) (Thompson et al., 1999) was used for alignment, and MacClade version 4 

(Maddison and Maddison, 2001) was used for visual editing.  

 

RESULTS 

 Morphological identification of isolates. All isolates examined in this study 

were morphologically similar to Wcc isolates as previously described by Toda et al. 

(2005) and de la Cerda et al. (2007) based on hyphal width and mycelial and sclerotial 

morphology. The production of a thick buff colored mycelial mat on PDA often obscured 

the production and morphology of the diagnostic sclerotia of the isolates, thus the 

morphological characteristics on ¼-PDA were more uniform for identification purposes. 

All isolates produced thin buff colored mycelia on ¼-PDA, but the best diagnostic feature 

was the production of irregular 2 to 5 mm white to orange sclerotia within 7 to 14 days 

that turned dark brown by 21 days of incubation. Two isolates (PTCCMA-0.1, 

NWCCNO-0.1) did not turn dark brown after 21 days, retaining a white to orange color. 

Some others had a mixture of dark brown, orange and white sclerotia on the media. For 

individual isolates, sclerotia were produced on the medium surface, embedded in the 
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medium or a combination of both. Some isolates often had some variation in morphology 

and the location of sclerotial production (on or in the media) during the three replicated 

tests, while others were morphologically consistent in all three tests.  Although these 

variations in colony morphology were present on ¼-PDA, the presence of dark brown or 

orange sclerotia were always associated with Wcc isolates and these features were clearly 

distinct from the two other W. circinata varieties, R. oryzae and R. zeae (Figure 1).  

RFLP and sequence analysis. Initial RFLP analyses showed that digestion of the 

amplified ITS-regions with MspI produced the diagnostic 470 and 170 bp bands when 

visualized by gel electrophoresis (Figure 2). However, 6 isolates analyzed in this manner 

produced bands of 650 (uncut), 470 and 170 bp (Figure 2). Sequencing analysis indicated 

that these isolates were heterozygous at the MspI/HapII restriction site (nucleotide 

position 183) and therefore presumably only part of the DNA was being digested. In total, 

5 nucleotide positions were found to be variable within the ITS; two indels and three 

heterozygous positions (including position 183 mentioned above). The two single base 

pair indels within the poly A/T stretches were first putatively identified from failed 

sequencing reads. In these cases, sequence reads of the amplified ITS regions appeared 

normal until nucleotide positions 235 and or 438; sequencing reads past these points were 

unreadable due to the frame shift in the sequencing read caused by the indels.  The 

presence of variable poly A/T regions at these locations was confirmed through cloning 

and sequencing multiple clones (Table 2). Seventeen unique ITS haplotypes were found 

and most of the isolates belonged to haplotype 3 (Table 2). No obvious relationships 

between isolate geographical origin and haplotype were observed. 
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DISCUSSION 

 An issue that emerged while performing this work was the taxonomy and name of 

the brown ring patch pathogen. Currently, only the species Waitea circinata Warcup and 

Talbot (1962) is recognized, and the use of W. circinata varieties to describe the pathogen 

causing brown ring patch and the teleomorphs of R. oryzae and R. zeae (Gunnel, 1986) 

may be taxonomically invalid at this time. The use of Rhizoctonia circinata varieties 

circinata, oryzae and zeae to describe the anamorphs of W. circinata, as proposed by 

Leiner and Carling (1994), is lacking a formal taxonomic description according to the 

International Code of Botanical Nomenclature, and the use of Chrysorhiza zeae as an 

anamorphic name for W. circinata, as proposed by Stalpers and Andersen (1996) does 

not appear to be adequate for distinguishing theses three pathogens from each other. 

However, it is clear that brown ring patch is caused by a Rhizoctonia species distinct 

from R. oryzae and R. zeae (de la Cerda et al., 2007; Gunnel, 1986; Leiner and Carling, 

1994; Toda et al., 2005) and for the time being, the use of W. circinata and the variety 

designation is very practical in the context of describing the pathogen causing brown ring 

patch and its relationship to other Rhizoctonia species. However, additional work must be 

performed to resolve the taxonomy of this group, which is outside of the scope of the 

studies presented here. 

 In this work, we present information on the recent development and emergence of 

Wcc as a common pathogen of annual bluegrass in the U.S. We have shown that Wcc is 

present as a pathogen of annual bluegrass across a wide geographic distribution in the 

U.S. and completed a preliminary assessment of genetic diversity within the pathogen 
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based on ITS sequences. This analysis also revealed unexpected ITS variability compared 

to previous studies (de la Cerda et al., 2007;Toda et al., 2005) which could potentially 

impact diagnostic methods used to identify this pathogen.  

 Previously, Wcc was shown to be a pathogen of annual bluegrass from nine 

locations from California, Nevada and Washington in the U.S. (de la Cerda et al., 2007) 

and two locations in California on rough bluegrass (Chen et al., 2007). In this work, we 

show that the pathogen is also present across a wide range of locations including 

Connecticut, Idaho, Illinois, Massachusetts, New York, Ohio, Oregon, and Rhode Island. 

A larger sample of California isolates also shows that the pathogen is widely distributed 

within the state. Additional reports of the disease from locations in the Midwest and 

eastern U.S. require further confirmation of the presence of the pathogen, but our data 

presented here does indicate that Wcc is widespread in the U.S. (Figure 3). 

 Data obtained from our disease diagnostic clinic at UC Riverside indicate that 

Wcc is the dominant Rhizoctonia disease of annual bluegrass in California. From 2006 to 

2008 more than 90 Rhizoctonia isolates were obtained from California annual bluegrass 

putting green samples showing symptomatic yellow rings. Only two of these were 

identified as R. zeae (Wcz), none as R. oryzae (Wco), and two as R. cerealis (F. Wong, 

unpublished data); the rest appeared to be Wcc based solely on morphological 

characteristics and timing of the disease (15 to 35ºC maximum daytime temperatures 

with the majority of samples arriving during periods of 25 to 30ºC maximum daytime 

temperature). Of some >500 annual bluegrass putting greens samples we examined in the 

UC Riverside turf disease diagnostic clinic during this period, none were found to be 
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affected by R. solani, suggesting that Wcc is favored in this semi-arid environment on 

annual bluegrass putting greens. As discussed by de la Cerda et al. (2007), and reinforced 

by the data presented in this study, it does appear that Wcc is a common and widespread 

pathogen in this geographic area. Other areas where Wcc isolates were obtained from (the 

midwestern and northeastern U.S.) tend to have more diseases caused by other 

Rhizoctonia species, and it is unclear at this time how frequently brown ring patch occurs 

in relation to these other Rhizoctonia diseases.  

 In this study, we found that a majority of Wcc isolates shared common 

morphological features when grown on ¼-PDA that can help in the diagnosis of the 

pathogen from field samples. Variation in sclerotial size, location on and in the media, 

timing of production in culture and color were present, but generally, the sclerotia of 

these isolates could be produced submerged in the medium, on the medium surface or in 

both in combination, were 2 to 5mm in size, and were initially white to orange with most 

of the sclerotia turning dark brown over time. No correlation was found between 

morphological variation and ITS haplotype or geographic origin. The development of the 

sclerotia of Wcc is distinct from Wcz isolates, which produce smaller sclerotia 

submerged and embedded in the agar that develop a reddish color over time. However, 

Wcc may be confused with Wco, since Wco is often described as having large sclerotia 

with a salmon color (Ryker and Goch, 1938), which can be potentially confused with the 

orangish color of developing (and some older) Wcc sclerotia. A larger study comparing 

the sclerotial morphology of a range of W. circinata isolates would allow us to determine 

the usefulness of this feature for the clear differentiation of W. circinata varieties. For the 
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time being, a combination of morphological characteristics in culture and molecular 

testing would be recommended for correct identification of Wcc from diagnostic samples. 

Molecular identification of Wcc by sequence analysis of the ITS region appears to 

be reliable, as the sequences were quite similar to each other and divergent from other 

Rhizoctonia species as shown in previous studies (de la Cerda et al., 2007; Toda et al., 

2005). ITS sequence has been shown to be very useful for separating Rhizoctonia species 

and anastomosis groups and also supports the separation of Waitea spp. from 

Thanatephorus spp. and Ceratobasidium spp., additional teleomorphic genera with 

Rhizoctonia anamorphs (Hsiang and Dean, 2001 ; Sharon et al., 2006). However, the 

presence of indels in the ITS region interfered with direct sequencing of PCR products 

from some isolates in this study which has also been determined for other basidiomycetes, 

including Rhizoctonia species (Gonzalez et al., 2006). Even when no indels are present, 

we found a heterozygous position in the diagnostic RFLP site that was not previously 

reported by de la Cerda et al. (2007) and Toda et al. (2005) which was most likely due to 

the limited number of isolates examined in either study. Finding heterozygosity is also 

not unexpected in a dikaryotic fungus and has also been found in other Rhizoctonia 

species (Ceresini et al., 2003; Rosewich et al., 1999). Obviously, any diagnostic tool used 

to identify a target fungal species is only as robust as the number and diversity of isolates 

used to screen for such markers. Therefore, the utility of the RFLP analysis based on 

digestion of ITS with MspI or HapII to differentiate varieties of W. circinata merits 

further examination. Possibly, there are Wcc isolates that are completely lacking the 

restriction enzyme recognition site and Wcz and Wco isolates that have it. Only 
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additional studies examining a larger number of W. circinata isolates, of all varieties, 

would elucidate this. 

One objective of this study was to use ITS sequences in an initial attempt to 

assess the overall diversity of the Wcc isolates in order to begin to understand the 

population biology of this apparent ‘newly emerging’ disease. ITS sequence diversity 

was limited to only 5 nucleotide positions but the presence of indels and heterozygosity 

resulted in a total of 17 unique ITS variants with no obvious relationship between isolate 

origin and ITS haplotype. This would support the hypothesis that the emergence of the 

pathogen as a problem is due to changes in turfgrass cultural practices or environmental 

conditions. This is also be supported by preliminary data from amplified fragment length 

polymorphism (AFLP) analyses that show genome wide polymorphisms are common (C. 

Chen, unpublished data). Moreover, isolates described as Wcc have been isolated from 

turf in California in the mid 1980s (Gunnel, 1986), isolated from soil in Alaska in the mid 

1990’s (Leiner and Carling, 1994), and reported as a pathogen of rice in California 

(Gunnel, 1986), suggesting the wide distribution of this species. Additional comparison 

of the amplified ITS-regions used in this study aided by Blastn comparisons of ITS 

sequences previously deposited in GenBank also revealed nearly identical sequences 

associated with isolates identified as R. oryzae from wheat in the Pacific Northwest 

(Mazzola et al., 1996; Okubara et al., 2008). Although it is unknown if these are truly the 

same as our Wcc populations affecting annual bluegrass in the U.S., it does suggest that 

Wcc is a more widespread pathogen of grasses in the U. S. than previously recognized. 

Additional studies using AFLP analysis and multi-locus sequencing approaches are 
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currently being pursued in order to more robustly test the hypothesis that Wcc is not a 

recently introduced species and to help better characterize the population structure of this 

pathogen.  

Identification of the factors contributing to the development of the disease on 

turfgrass in response to either changes in management programs for turfgrass, or 

potentially larger issues such as global climate change are of the highest importance. The 

current challenges with this pathogen are to understand how to best manage this disease 

on golf course putting greens, with respect to the impact of fungicide applications and 

cultural controls, and to determine what factors have caused this disease to emerge as a 

major and widespread problem.  
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 Table 1. Isolates used in this study. 

 
 
Isolate name 

 
Location 

 
Date collected

 
Source 

GenBank 
Accession # 

AGCCSJ-2.1 San Jose, CA 2006/7/7 F. P. Wong FJ755849 
AGTC-4 Hayden Lake, ID 2007/7/5 H. C. Wetzel FJ755890 
AVCCPL-0.1 Placentia, CA 2006/4/27 F. P. Wong FJ755850 
CCTRTR-1.1 Troy, NY 2006/7/17 J. E. Kaminski FJ755851 
CCTRTR-1.2 Troy, NY 2006/7/17 F. P. Wong FJ755852 
CDCGTC-9.2  Trabuco Canyon, CA 2006/7/7 F. P. Wong FJ755853 
CECCPO-0.1 Portland, OR 2006/7/7 F. P. Wong FJ755854 
CHGCSJ-0.1 San Jose, CA 2006/7/7 F. P. Wong FJ755855 
CWCCPL-5.1 Pleasanton, CA 2006/7/7 F. P. Wong FJ755856 
DCGCSL-0.1 San Luis Obispo, CA 2006/6/22 F. P. Wong FJ755857 
ECGCES-0.1 Escondido, CA 2006/5/29 F. P. Wong FJ755858 
FVGCAU-0.1 Aurora, IL 2006/7/19 D. M. Settle FJ755859 
GMGCGR-13.1 Graegle, CA 2006/7/7 F. P. Wong FJ755860 
HVGCCO-0.1 Corona, CA 2006/5/29 F. P. Wong FJ755861 
LACCLA-1.1 Los Angeles, CA 2006/3/1 F. P. Wong FJ755862 
LEGCLE-0.1 Lexington, MA 2006/7/17 J. E. Kaminski FJ755863 
LRCCLR-18.2 Thousand Oaks, CA 2005/12/1 F. P. Wong FJ755864 
MECCWS-11.1 Woodside, CA 2006/4/27 F. P. Wong FJ755865 
MLGCOB-0.1 Oak Brook, IL 2006/7/19 D. M. Settle FJ755866 
MPCCPB-12S.1 Pebble Beach, CA 2006/5/22 F. P. Wong FJ755867 
NLCCNL-0.1 New London, CT 2006/7/17 J. E. Kaminski FJ755889 
NSCCGL-0.1 Glenview, IL 2006/7/19 D. M. Settle FJ755868 
NWCCNO-0.1 Norwich, CT 2006/7/17 J. E. Kaminski FJ755869 
ONCCST-0.1 Stratford, CT 2006/7/18 J. E. Kaminski FJ755870 
PPGCAU-0.1 Aurora, IL 2006/7/19 D. M. Settle FJ755871 
PTCCMA-0.1 Marysville, CA 2006/7/7 F. P. Wong FJ755872 
RHCCTE-3.1 Temecula, CA 2006/3/1 F. P. Wong FJ755873 
RHCCTE-15.2 Temecula, CA 2006/3/1 F. P. Wong FJ755874 
RMCCHO-0.1 Hollister, CA 2006/7/7 F. P. Wong FJ755875 
SCCCHB-18.1 Huntington Beach, CA 2006/7/7 F. P. Wong FJ755876 
SDGCSD-0.1 San Dimas, CA 2006/5/22 F. P. Wong FJ755877 
SICCNA-0.1 Napa, CA 2006/6/1 F. P. Wong FJ755878 
TECCMA-0.1 Marblehead, MA 2006/7/19 J. E. Kaminski FJ755879 
TPCGLJ-18S.1 La Jolla, CA 2006/6/5 F. P. Wong FJ755880 
TPCGLJ-18S.2 La Jolla, CA 2006/6/5 F. P. Wong FJ755881 
TVCCSJ-0.1 San Jose, CA 2006/5/29 F. P. Wong FJ755882 
WACCRU-0.1 Rumford, RI 2006/7/20 J. E. Kaminski FJ755883 
WRCCAL-0.1 Albany, NY 2006/7/17 J. E. Kaminski FJ755884 
WSCCLA-5.1 Los Angeles, CA 2006/6/15 F. P. Wong FJ755885 
WTCCWT-0.1 Watertown, CT 2006/7/17 J. E. Kaminski FJ755886 
YOGTYO-0.1 York, ME 2006/7/21 J. E. Kaminski FJ755887 
06-487 Columbus, OH 2006/6/1 J. Rimelspach FJ755888 
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FIGURE LEGENDS 

Figure 1. Morphology of Waitea circinata var. circinata isolates on ¼-strength potato 

dextrose agar after 21-days incubation. Variations in morphology include (A) dark brown 

sclerotia on the agar surface, (B) and (C) a mixture of large and small dark brown 

sclerotia on top of and embedded in the agar and (D) a mixture of orange, whitish and 

dark brown sclerotia. The morphology of isolates can vary, but are clearly distinguishable 

from other W. circinata varieties such as (E) Rhizoctonia zeae (W. circinata var. zeae) 

that produces reddish sclerotia and (F) Rhizoctonia oryzae (W. circinata var. oryzae) that 

produces pink to salmon sclerotia after 21-days incubation on ¼-strength potato dextrose 

agar. 
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Figure 2. MspI digestion of amplified rDNA-ITS regions from representative isolates (1 

unit per 100 ng DNA) followed by gel electrophoresis in a 2% agarose-TBE gel. Lanes 2 

to 6 represent isolates that homozygous at the MspI/HapII restriction site yielding two 

fragments of sizes ~170 and 470 bp. Lanes 7 to 11 represent isolates that were 

heterozygous at the MspI restriction site leading to the production of  fragments of sizes 

~170 and 470 bp and uncut PCR product (~650 bp). Lanes 1 and 12 are a 100 bp ladder. 
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Figure 3. Geographic distribution of Waitea circinata var. circinata isolates identified in 

this study. Circles represent the approximate geographic origin of isolates used in this 

study, while squares represent the origin of previously characterized isolates (5). Outline 

map generated using Smart Draw (San Diego, CA). 
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Response of Putting Greens Infected by Brown Ring Patch to Nitrogen,  

Trinexapac –Ethyl, and Azoxystrobin 
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INTRODUCTION  

Brown ring patch (BRP) is an emerging disease in the U.S. caused by Waitea 

circinata var. circinata (Wcc) (de la Cerdaet al., 2007). The disease was first reported in 

Japan on creeping bentgrass (Agrostis stolonifera L.) (Toda et al., 2005) and has become 

a problem on annual bluegrass (Poa annua L.) and rough bluegrass (Poa trivialis L.) in 

the U.S. since 2003 (Chen et al., 2007; de la Cerda et al., 2007). The pathogen affects the 

foliage, crowns, upper roots and thatch in symptomatic areas. Infected annual bluegrass 

shows symptoms that include thin yellow rings or semi-circles, several centimeters to one 

meter in diameter that can turn brown or necrotic, and often have a sunken appearance. 

Symptoms are typically observed at a range of 15 to 35°C maximum daytime air 

temperature.  

There is no research on turfgrass examining the effect of cultural practices on 

BRP management. Since W. circinata var. circinata has a Rhizoctonia-like anamorph, 

BRP management was assumed to be similar to brown patch caused by R. solani 

(teleomorph: Thanatephorous cucumeris). However, based on genetic differences 

between Waitea and Thanatephorous spp. (Chen et al., 2009) and results from field 

experiments (Wong et al., 2009; Wong et al., 2009b), it was suspected that management 

of this disease was different compared to brown patch. Anecdotal evidence from the turf 

disease diagnostic lab at UC Riverside and observations from golf course superintendents 

suggested that nitrogen fertility and the use of trinexapac-ethyl (TE), a commonly used 

plant growth regulator, had a substantial effect of BRP severity.  
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Samples received by the disease diagnostic lab symptomatic for BRP often were 

tested in being low in soil nitrate. This was surprising considering the traditional 

association of Rhizoctonia-diseases of turf with increased nitrogen fertility. Nitrogen is 

an essential nutrient element in plants and has beneficial effects on turfgrass canopy, 

color and vigor (Waddington et al., 1978). Different application rates or sources of 

nitrogen are likely to cause different physiological responses in plants which may 

indirectly influence disease severity. For example, dollar spot is associated with low 

nitrogen fertility (Dunn et al., 1996; Golembiewski and Danneberger, 1998;  Watkins et 

al., 2001) while the severity of brown patch gets worse when nitrogen levels are 

increased (Burpee, 1995;  Dunn et al., 1996; Fidanza and Demoeden, 1006). There also 

appears to be an effect of nitrogen source. For example, ammonium stimulated more R. 

solani growth on stems by increasing asparagine levels compared to nitrate (Huber and 

Watson, 1974). No significant effect on brown patch was observed when eight nitrogen 

sources were applied. The effect of nitrogen or nitrogen source on brown ring patch 

severity was unclear and it was important to address this management aspect of BRP.  

Golf course superintendents also reported that outbreaks of BRP co-incided with 

the spring applications of trinexapac-ethyl, a plant growth regulator. The use of plant 

growth regulators is a common practice for golf course turf management; trinexapac-

ethyl (TE) is a gibberellic acid (GA) inhibitor and is widely used to enhance turfgrass 

color and quality, especially on putting greens. TE suppresses vegetative growth by 

disrupting GA biosynthesis (Rademacher, 2000). Sequential applications of TE provide 

consistent growth suppression, avoidance of post-inhibition growth enhancement, 
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increase in chlorophyll content, and improvements in turf quality (Fagerness and 

Yelverton, 2000; Steinke and Stier, 2003). TE also reduces elongation of internodes that 

might change the microenvironment, thus changing the susceptibility of grass to diseases 

(Ervin and Koski, 1998 ; Lickfeldt et al., 2001).  For example, it has been reported that 

anthracnose severity was decreased after TE application (Inguagiate et al., 2008). Due to 

the co-incidental timing of TE applications and BRP outbreaks, it was also important to 

address TE's impact on the management of BRP  

Thus, the objectives of this study were to evaluate the following factors in brown 

ring patch disease management: (i) the impact of three nitrogen sources, nitrate, 

ammonium and urea, on disease severity,(ii) the effect of TE used alone and in 

combination with nitrogen and (iii) the impact of nitrogen and TE on the fungicidal 

control of BRP. An auxiliary objective of this study was to utilize digital image analysis 

(DIA) to aid in rating BRP severity. Due to the nature of the symptoms, yellow rings, 

often with unaffected turf inside, it was thought that DIA could provide an additional 

means to evaluate the disease and improve the accuracy of the measurements.  

Many methods have been used to evaluate turf disease severity including visual 

evaluation radiometry (Green et al., 1998) and digital image analysis (DIA) (Horvath and 

Vargas, 2005). DIA is a popular tool for quantifying canopy coverage and disease 

severity because of the availability of a variety of support software.  Software like Assess 

(available from American Phytopathological Society, St. Paul, MN) and Sigma Scan 

(SPSS, Inc., Chicago, IL) have been used successfully for detecting severity of turf 

diseases like dollar spot ) (Horvath and Vargas, 2005). 
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MATERIALS AND METHODS 

Experimental sites and design. All of the greens used for these trials were 

mixtures of annual bluegrass and creeping bentgrass with a history of BRP. No 

fertilization was applied at least four weeks before the trials began and also during the 

experimental period. The greens were mowed three times a week at a height of 3.8 mm. 

Each trial was arranged as a randomized plot design. In 2008 the experimental plots were 

located at a golf course in San Diego, California. The first nitrogen and TE trial began in 

April on the north side of the putting green 7. The second trial began in May and was 

conducted in the south end of the same green. Putting greens 2 and 6 were used to study 

the effects of nitrogen, TE and azoxystrobin on brown ring patch severity and these trials 

began in May. The greens were sampled randomly every month for the presence of Wcc. 

Each treatment had four to five replicated plots 1.8m × 1.8 m in size.  

The third nitrogen trial was initiated in May 2009 on a nursery green at a golf club 

in the City of Industry, California. The green was artificially inoculated for better disease 

development. Four week-old Wcc grown on 10% cornmeal-sand was applied on May 8 at 

the rate of 105 kg ha-1. Uniform disease was observed in the research area on May 22.  

Each treatment had four replicated plots 1.5 × 1.5 m in size.  

Experimental treatments. Nitrogen and TE interactions.  Technical-grade, water 

soluble nitrogen, calcium nitrate (15.5-0-0), ammonium sulfate (21-0-0), and urea (46-0-0) 

(ACROS organics, Belgium), were used in this study. Nitrogen were applied twice at the 

rate of 24 kg N ha-1, for a total of 48 kg N ha-1. Application dates were April 4 and April 
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18, May 2 and May 16 in 2008 in San Diego; May 29 and June 12 in 2009 in the City of 

Industry, respectively.  

TE treatments included, TE by itself, or TE mixed with one of the nitrogen 

sources. Application dates were April 4 and May 2 in 2008 and May 29 in 2009; and May 

29 for the azoxystrobin trial in 2008. The TE application rate was 0.048 a.i. kg ha-1. 

Check plots were included, and consisted of plots sprayed with 815 liters of water/ha 

only. 

The treatments were applied with a CO2-powered backpack sprayer (R&D 

Sprayers, Opelousas, LA) at a pressure of 2.4 atm, in a volume of 815 liters of water /ha, 

using four TeeJet 8002VS nozzles (TeeJet, Wheaton, IL).  

Azoxystrobin, nitrogen and TE interactions.  Azoxystrobin (Heritage TL 0.8ME, 

Syngneta Professional Products, Greensboro, NC) was applied alone, with calcium nitrate 

at the rate of 24 kg N ha-1, or with same amount of calcium nitrate and TE at the rate of 

0.048 a.i. kg ha-1. The application rate of azoxystrobin was 0.3 kg ha-1. This rate was 

shown in previous studies (data not shown) to provide approximately 50% control of 

BRP. It was hoped that the application of nitrogen or nitrogen with TE would show any 

synergy between the different mixing partners. Application dates were May 2 and May 

16, 2008 as described above. Water was applied to the check plots as described above.  

Data collection and analysis. Visual evaluation of disease severity was recorded 

every week; disease severity was rated on a scale of 0 to 10 where 0 equaled no disease 

and 10 equal to 100% of the plot infected by disease. These data were used to determine 

area under disease progress curve (AUDPC). The AUDPC values were calculated by 
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determining the means of disease ratings for two consecutive observations and 

multiplying by the number of days between the observations. The areas calculated 

between consecutive observations were then summed over the entire period of 

observation. 

Chlorophyll content was measured by a chlorophyll meter (FieldScout, CM1000); 

the average of 5 measurements per plot (taken in a 'X' pattern) was recorded weekly. The 

nitrogen level of experimented plots was tested in the first and second nitrogen trials. Soil 

nitrogen analysis was conducted by Brookside Laboratories followed the procedure 

described by Dahnke, W.C. (1990). 

Images of each treatment were taken using a Nikon D70 digital camera (Nikon 

USA, Melville, NY) weekly; images were transferred to a personal computer, cropped to 

remove pixels outside the plots. Then the images were resized to 800 × 800 pixels, and 

yellow pixels were selected (hue= 0 to 45, saturation=0 to 100) by Sigma Scan Pro (SPSS, 

Chicago, IL). The percentage of yellow pixels and total pixels in each plot was measured.  

All data analysis was performed by Statistical Analysis System software v. 9.2 (SAS 

Institute, Cary, NC). The analysis of variance (ANOVA) was used and means were 

separated based on Fisher’s least significant difference test (P= 0.05). 

 

RESULTS 

Effects of nitrogen and trinexapac-ethyl on disease severity. Soil nitrogen 

level was measured and no nitrogen increasing was observed. It may indicate that 

nitrogen we had applied was observed by grass thoroughly. Chlorophyll meter was used 
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to evaluate the impact causing by different nitrogen sources and TE. The chlorophyll 

meter reading value of the plots received nitrogen or nitrogen plus TE increased one 

week after treatment in three trials. Calcium nitrate, ammonium sulfate and urea 

increased chlorophyll meter reading value significantly one week after first application 

and last till the end of the trial. TE application showed significantly difference from April 

18 to May 23 (Table 7).  

In the second nitrogen trial, chlorophyll meter reading value was increased one week 

after the application of three nitrogen sources and nitrogen plus TE. Urea and TE had 

significantly impact on the plots compared with other nitrogen sources or nitrogen plus 

TE one week after applitacion (Table 8). 

In 2009, plots received nitrogen and nitrogen plus TE had significantly higher 

chlorophyll meter reading value compared with plots received water or TE only. TE had 

significantly impact on June 5, June 19 and June 26. Urea had more significantly effect 

compared with calcium nitrate and ammonium sulfate (Table 9). 

 All three nitrogen sources, along with nitrate, ammonium, and urea decreased 

brown ring patch disease severity significantly in all of the trials. In the first trial, plots 

that received 48 kg of nitrogen per hectare showed lower disease severity from April 18 

to the end of the trial. Disease severity decreased dramatically one week after receiving 

24 kg of nitrogen per hectare. Plots treated with the three nitrogen sources with or 

without TE showed between 33% to 67% increase in disease severity, compared to water 

treatment which increased the severity to 133%. In the third week, the application of 

ammonium with or without TE increased disease severity by only 9%. The highest peak 
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of brown ring patch severity was observed on April 25, after that, disease severity began 

to decrease. Plots treated with ammonium or urea, with or without TE, showed higher 

disease recovery ranging from 11% to 44%. The plots that received water with or without 

TE had 6% disease recovery. In the calcium nitrate treatment disease severity was still 

high. Calcium nitrate and ammonium sulfate seems give an early disease recovery 

compared with urea on April 18. But all nitrogen sources decreased BRP severity 

significantly than TE or nitrogen plus TE (Table 2).  

In the second trial, observations made on May 23 showed that the three nitrogen 

sources showed significant impact on disease severity. Nitrogen treatments had lower 

disease severity and disease recovery ranged from 57 to 76%. The plots that received 

water only or TE had 48% and 42% recovery respectively (Table 3). Nitrogen, TE or 

nitrogen plus TE had no significantly effect on disease development when these factors 

are compared. 

In 2009, the third trial was conducted from May 29 to June 26. The plots that received 

water or TE showed higher disease severity compared to other treatments. Nitrogen 

application with or without TE kept the plots under low disease pressure from June 5 to 

June 26. Calcium nitrate, ammonium sulfate, and urea had same impact on disease 

severity. On June 5, application of the three nitrogen sources with or without TE 

decreased disease severity from 37% to 67%, whereas application of water or TE had 

147% and 233% increase in disease severity. From June12 to June 19, 40% to 60 % 

decrease in disease severity was observed on the plots that received the three nitrogen 

sources with or without TE, and the plots that received water or TE had 18% to 30 % 
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increase in disease severity. Three nitrogen sources had significantly effect on BRP 

development compared with TE or nitrogen plus TE on June 5, June 12, and June 26 

(Table 4). According to the AUDPC of three nitrogen trials, the first and the third trial 

showed similar results i.e the three nitrogen sources had the same impact on disease 

severity (Table 12). 

The digital image analysis (DIA) data showed significantly lower disease coverage on 

the plots that received nitrogen. From April 18 to April 25, DIA results showed that 

disease coverage had been increased more than four times on the plots that received water 

or TE. Calcium nitrate and ammonium sulfate with or without TE treatments decreased 

disease coverage from 63 to 90% at the same period (Table 5). Three nitrogen sources 

had significantly impact compared with TE only or nitrogen plus TE.  

In the second trial, applications of nitrogen with or without TE decreased disease 

coverage on May 9 and May 16. These treatments showed 63% to 86% decrease in 

disease recovery between May 2 and May 9. The plots that received water or TE had 

increased disease coverage only from May 2 to May 9. The three nitrogen sources had 

significant impact on disease coverage compared with TE or nitrogen plus TE treatments 

(Table 6). Although the linear regression results showed a medium positive relationship 

between DIA and visual rating, disease progress were still able to be observed from both 

DIA and visual rating (unpublished result). 

Effects of nitrogen and TE on control of BRP by azoxystrobin. In the first trial, 

less disease was observed when 0.3 kg a.i. of azoxystrobin was applied with 24 kg per 

hectare of calcium nitrate plus 0.048 kg a.i. per hectare of TE and also on plots that 
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received azoxystrobin plus calcium nitrate on May 2 and May 16. From April 25 to May 

2, the increase in disease severity of the plots that received water only was 40%. Plots 

that received calcium nitrate and azoxystrobin plus TE had the lowest disease severity 

compared to plots that received calcium nitrate only or calcium nitrate plus azoxystrobin, 

11% compared to 26% and 29% respectively (Table 10). 

The same results were observed in the second trial. Disease severity ratings were 

significantly lower on the plots that received calcium nitrate plus azoxystrobin and 

calcium nitrate plus TE plus azoxystrobin, compared with plots that received water or 

azoxystrobin. From May 2 to May 9, applications of water or of azoxystrobin had no 

impact on disease severity or at most decreased 8% of disease. The other two treatment 

decreased disease from 46% to 62% (Table 11). 

DIA detected the decrease of disease severity one week earlier than visual disease 

severity rating on April 11 (Table 2, 5); and also on May 9 (Table 3, 6). It may indicate 

that DIA can sense color change more sensitively than visual rating. When data from 

water treatment was used for linear regression, a R2 value of 0.73 was showed (Figure 1). 

The disease progress of plots that received no treatment and plots that received water 

only are highly identical (Figure 2).  

 

DISCUSSION 

Brown ring patch showed a different response to nitrogen fertility compared to 

previous work done for Rhizoctonia brown patch. When 48 kg of urea ha-1 was applied 

on tall fescue with Rhizoctonia blight, higher levels of disease severity was observed 
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(Burpee, 1995). But in this study, adequate amount of nitrogen decreased brown ring 

patch severity no matter which type of nitrogen was applied. The nitrogen we applied 

seems to be absorbed by grass during the trial based on soil nitrogen analysis. No 

difference of nitrogen level in the soil collected from the plots was observed before and 

after application. Also, the color of the grass had significantly difference after nitrogen 

application based on chlorophyll meter reading (Table 7, 8, and 9). Applying 48 kg of 

nitrogen ha-1 per month decreased brown ring patch severity on annual bluegrass and 

creeping bentgrass mixed greens. The same phenomenon was observed in the second and 

third trial with different levels of decrease. The mechanism of disease recovery is still not 

clear. Instead of attacking the pathogen, nitrogen seems worked more like dye to mask 

the yellowing caused by Wcc. The number of yellow rings on plots received water 

increased over time and the size of the rings enlarged. And the rings merged with each 

other. Plots received nitrogen or nitrogen plus TE showed not only color change but the 

number of rings had not been increased after application. 

TE alone had no significantly affect on disease severity and DIA compared to 

check or plots that received nitrogen applications. The combinations of TE plus three 

nitrogen sources seemed to give the lowest disease severity, though the difference was 

not statistical significant. TE has been reported to reduce dollar spot severity on creeping 

bentgrass (Golembiewski and Danneberger, 1998). TE application may lead to reduce 

turfgrass shoot growth (Burpee et al., 1996) and increased chlorophyll content (Ervin and 

Koski, 2001). However, one big concern with growth regulators is that they may stress 

turfgrass. Our results showed that adequate applications of TE on annual bluegrass and 
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creeping bentgrass mixed greens infected with Wcc had undetectable impact on brown 

ring patch severity (Table 2, 3, and 4). Applying TE higher than 0.48g/100m2 may lead to 

better turf quality but the impact to brown ring patch development is unclear. It may need 

further experiment to address the real application amount of TE on greens with brown 

ring patch. 

Higher efficiency of disease suppression was observed when nitrogen was added 

in TE treatments (Golembiewski and Danneberger, 1998). The application of nitrogen 

plus TE treatment might reduce the stress on the turf by reducing disease susceptibility. 

However, the application of nitrogen had significantly greater effect on disease severity 

compared with TE alone or the combination of both of them.  

Azoxystrobin application showed moderate control of brown ring patch in this 

study. The azoxystrobin treatment plus nitrogen or plus nitrogen and TE gave lowest 

disease severity in both of the two locations in this study (Table 10, 11). It may indicate 

that brown ring patch would be more severe on turf under stress, i.e. low nitrogen fertility. 

Once the stress is relieved, the susceptibility of turf to brown ring patch decreases. The 

application of nitrogen, TE and azoxystrobin showed no significantly difference with 

other treatments. It may indicate that no synergy between azoxystrobin and nitrogen or 

nitrogen plus TE.  

This is the first time applying DIA on rating brown ring patch. It detected the 

growth and decline of the disease earlier than visual rating (Table 2, 3, 5, 6). It showed 

that counting diseased pixels with DIA is more sensible than visual rating. The variation 

between visual rating and DIA on plots received water is around 27% (Figure 1). These 
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may indicate that DIA is able to detecting brown ring patch disease severity development 

like visual rating. More details will be discussed in the further research to demonstrate 

the accuracy of using DIA on rating brown ring patch. 

Overall, this study has indicated that nitrogen application is useful for brown ring 

patch disease management. TE can be used for turf maintenance without exacerbating 

disease severity. The fact that DIA detected the change of the color from green to yellow, 

caused by Wcc, earlier than visual rating indicates that it can serve as a potential tool for 

superintendents who may want to make fungicide applications before disease becomes 

severe.  

 

LITERATURE CITED 

Burpee. L. L. 1995. Interactions among mowing height, nitrogen fertility, and cultivar 

affect the severity of Rhizoctonia blight of tall fescue. Plant Dis. 79:721-726.  

Burpee, L. L., Green, D. E., and Stephens, S. L. 1996. Interactive effects of plant 

growth regulators and fungicides on epidemics f dollar spot in creeping bentgrass. 

Plant Dis. 80:1245-1250. 

Chen, C. M., Douhan, G. W., and Wong, F. P. 2007. First Report of Waitea circinata 

var. circinata Causing Brown Ring Patch on Poa trivialis in California. Plant Disease 

91:1687 

Chen, C. M. and Karla A. de la Cerda, John E. Kaminski, Douhan, G. W., and Wong, 

F. P. 2009. Geographic Distribution and rDNA-ITS Region Sequence Diversity of 



38 
 

Waitea circinata var. circinata Isolated from Annual Bluegrass in the United States. 

Plant Disease 93:906-911 

de la Cerda, K. A., Douhan, G. W., and Wong, F. P. 2007. Discovery and 

characterization of Waitea circinata var. circinata affecting annual bluegrass from the 

western United States. Plant Disease 91:791-797. 

Dahnke, W.C. 1990.Testing soils for available nitrogen. p. 120-140. In R.L. 

Westerman (ed.) Soil testing and plant analysis. Soil Sci. Soc. Am. Book Series 3, 

ASA, Madison, WI 

Dunn, J. H., Minner., D. D., and Burghrara, S. S. 1996. Clippings disposal and 

fertilization influence disease in perennial ryegrass. HortScience 31:1180-1181. 

Ervin, E. H. and Koski, A. J. 1998. Growth responses of Lolium perenne L. to 

trinexapac-ethyl. HortScience 33:1200-1202. 

Ervin, E. H., and Koski, A. J. 2001. Trinexapac-ethyl increases kentucky bluegrass 

leaf cell density and chlorophyll concentration. HortScience 36: 787-789. 

Fagerness, M. J., and Yelverton, F. H. 2000. Tissue production and quality of 

‘Tifway’ bermudagrass as affected by seasonal application patterns of trinexapac-

ethyl. Crop Sci. 40:493-497. 

Fidanza, M. A., and Dernoeden, P. H. 1996. Brown patch severity in perennial 

ryegrass as influenced by irrigation, fungicide, and fertilizers. Crop Sci. 36:1631-

1638. 



39 
 

Golembiewski, R. C., and Danneberger, T. K. 1998. Dollar spot severity as 

influenced by trinexapac-ethyl, creeping bentgrass cultivar, and nitrogen fertility. 

Agron. J. 90:466-470. 

Green, D. E., Burpee, L. L., and Stevenson, K. L. 1998. Canopy reflectance as a 

measure of disease in tall fescue. Crop Sci. 38:1603-1613. 

Horvath, B., and Vargas Jr. Joseph. 2005. Analysis of dollar spot disease severity 

using digital image analysis. International Turfgrass Research Society Journal 10: 

196-201. 

Huber, D. M., and Watson, R. D. 1974. Nitrogen form and plant disease. Ann. Rev. 

Plant Pathol. 12: 139–165. 

Inguagiate, J. C., Murphy, J. A., and Clarke, B. B. 2008. Anthracnose severity on 

annual bluegrass influenced by nitrogen fertilization, growth regulators, and 

verticutting. Crop Sci. 48:1595-1607.  

Lickfeldt, D. W., Gardner, D. S., Branham, B. E., and Voigt, T. B. 2001. Implications 

of repeated trinexapac-ethyl applications on Kentucky bluegrass. Agron. J. 93: 1164-

1168. 

Rademacher, W. 2000. Growth retardants: Effects on gibberellin biosynthesis and 

other metabolic pathways. Annu. Rev. Plant Physiol. Mol. Biol. 51: 501–531. 

Steinke, K., and Stier, J. C. 2003. Nitrogen selection and growth regulator 

applications for improving shaded turf performance. Crop Sci. 43:1399-1406. 



40 
 

Toda, T., Mushika, T., Hayakawa, T., Tanaka, A., Tani, T., and Hyakumachi, M. 

2005. Brown ring patch: A new disease on bentgrass caused by Waitea circinata var. 

circinata. Plant Dis. 89:536-542. 

Waddington, D. V., Turner, T. R., Duich, J. M. and Moberg, E. L. 1978. Effect of 

fertilization on penncross creeping bentgrass. Agron. J. 70:713-718. 

Watkins, J. E., Schearman, R. C., Gaussoin, R. E., Cecil, W. K., Vaitkus, M., and Wit, 

L. A. 2001. An integrated approach to dollar spot management on a bentgrass fairway. 

Int. Turfgrass Sco. Res. J. 9:729-735. 

Wong, F. P., Chen, C. M., Stowell, L. J. and Carpenter, W. B. 2009. Evaluation 

fungicides for the control of brown ring patch in southern California, 2008. Plant 

Disease Management Report 3:T008. Online publication. doi: 10.1094/PDMR03 

Wong, F. P., Chen, C. M., Stowell, L. J. and Carpenter, W. B. 2009. Evaluation of 

DMI and biological fungicides for the control of brown ring patch in southern 

California, 2008. Plant Disease Management Report 3:T009. Online publication. doi: 

10.1094/PDMR03 



41 
 

Table 1. The application date and treatments of three nitrogen trials 
 

 

Treatment 1   2   3   
Application date 2008   2008   2009   

  4-Apr 18-Apr 2-May 16-May 29-May 12-Jun
0.048 a.i. kg ha-1 TE ＋ ＋ ＋ 

24 kg N ha-1 calcium nitrate ＋ ＋ ＋ ＋ ＋ ＋ 

24 kg N ha-1 ammonium sulfate ＋ ＋ ＋ ＋ ＋ ＋ 

24 kg N ha-1 urea ＋ ＋ ＋ ＋ ＋ ＋ 
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Table 2. The first trial of brown ring patch severity on annual bluegrass and bentgrass 
mixed green with the application of nitrogen and trinexapac-ethyl (TE) from 4 April to 23 
May, 2008 
 

N-source§ 

T
E
† 

Turf disease severity 

4-Apr 11-Apr 18-Apr 25-Apr 2-May 9-May  16-May 23-May 
No fertilizer - 

1.2 
ab
‡ 2.8 a 4.6 a 6.4 a 6.0 ab 3.8 a 2.0 a 1.8 a

Calcium  
  nitrate 

- 
1.8 a 2.4 a 2.6 b 4.2 b 4.2 bc 1.2 b 1.0 b 1.2 b

Ammonium  
  sulfate 

- 
1.6 ab 2.2 a 2.4 b 3.2 b 1.8 e 1.0 b 1.0 b 1.0 b

Urea - 1.2 ab 2.0 a 3.0 b 4.4 b 3.2 cde 1.2 b 1.0 b 1.0 b
No fertilizer + 1.4 ab 2.4 a 5.2 a 6.8 a 6.4 a 3.4 a 1.8 a 1.8 a
Calcium  
  nitrate 

+ 
1.2 ab 1.6 a 2.4 b 2.8 b 3.8 cd 1.0 b 1.0 b 1.4 

a
b

Ammonium  
  sulfate 

+ 
1.4 ab 2.2 a 2.4 b 3.2 b 2.2 de 1.0 b 1.0 b 1.0 b

Urea + 1.0 b 1.6 a 3.0 b 3.8 b 3.4 cde 1.0 b 1.0 b 1.0 b
  ANOVA 

Source of 
variation 

 

Nitrogen  0.37 0.35 0.001 <.0001 <.0001 0.0050 <.0001 0.0040
Calcium  
  nitrate 

 
0.44 0.19 <.0001 <.0001 0.0011 0.0020 <.0001 0.010 

Ammonium   
  sulfate 

 
0.44 0.37 <.0001 <.0001 <.0001 0.0010 <.0001 <.0001 

Urea  0.44 0.080 0.0070 0.0040 <.0001 0.0020 <.0001 <.0001 
TE  0.28 0.22 0.80 0.40 0.75 0.60 0.69 0.71 
Nitrogen × 
TE 

 
0.51 0.86 0.89 0.55 0.92 0.97 0.92 0.93 

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 8 Apr, 22 Apr 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 8 Apr  2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according to Fisher's 
protected least significant difference test. 
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Table 3. The second nitrogen trial about brown ring patch severity on annual bluegrass and 
bentgrass mixed green with the application of nitrogen and trinexapac-ethyl (TE) from 2 May to 
23 May, 2008 
 

N-source§ TE† 
Turf disease severity   

2-May   9-May   16-May   23-May   
No fertilizer - 5.4 a‡ 6.4 a 4.2 a 2.2 ab
Calcium nitrate - 5.6 a 6.2 a 2.8 a 1.2 b 
Ammonium sulfate - 5.6 a 7.2 a 3.8 a 1.6 b 
Urea - 6.0 a 6.6 a 3.8 a 1.2 b 
No fertilizer + 4.4 a 6.0 a 4.8 a 2.8 a 
Calcium nitrate + 5.0 a 6.0 a 5.0 a 1.2 b 
Ammonium sulfate + 6.2 a 6.8 a 4.2 a 1.4 b 
Urea + 5.4 a 6.8 a 4.8 a 1.6 b 

 ANOVA 
Source of variation          
Nitrogen  0.44 0.41 0.87 0.018 
   Calcium nitrate  0.54 0.86 0.46 0.0026 
   Ammonium  0.13 0.17 0.54 0.018 
   Urea  0.22 0.39 0.81 0.0095 
TE  0.39 0.64 0.072 0.50 
Nitrogen × TE  0.65 0.95 0.68 0.76 
§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May, 16 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May, 16 
May 2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Table 4. The third trial about brown ring patch severity on annual bluegrass and bentgrass 
mixed green with the application of nitrogen and trinexapac-ethyl (TE) from 29 May to 
26 June, 2009 
 

N-source§ TE† 
Turf disease severity 

29-May 5-Jun 12-Jun 19-Jun 26-Jun 
No fertilizer - 2.3 a 5.6 b 7.3 a 8.7 a 4.3 a
Calcium nitrate - 2.3 a 1.0 c 1.7 b 1.0 b 1.0 c
Ammonium sulfate - 2.7 a 1.0 c 1.7 b 1.0 b 1.0 c
Urea - 3.0 a 1.0 c 3.3 b 1.3 b 1.0 c
No fertilizer + 2.3 a 7.7 a 6.7 a 8.7 a 3.0 b
Calcium nitrate + 2.7 a 1.0 c 1.7 b 1.0 b 1.0 c
Ammonium sulfate + 2.7 a 1.3 c 2.0 b 1.0 b 1.0 c
Urea + 2.7 a 1.7 c 2.0 b 1.0 b 1.0 c

    ANOVA 
Source of variation  
Nitrogen  0.58 <.0001 <.0001 0.00090 <.0001 
   Calcium nitrate  0.63 <.0001 <.0001 0.00010 <.0001 
   Ammonium sulfate  0.34 <.0001 <.0001 0.00010 <.0001 
   Urea  0.16 <.0001 <.0001 0.00010 <.0001 
TE  1.0 0.11 0.48 0.71 0.063 
Nitrogen × TE   0.85 0.42 0.75 0.93 0.027 
§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 29 May, 12 Jun 2009. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 29 May, 12 
Jun 2009. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Table 5. Digital image analysis of annual bluegrass and creeping bentgrass mixed green 
with nitrogen and trinexapac-ethyl (TE) application from 4 April to 23 May, 2008 
 

N-source§ 

T
E
† 

Digital image analysis (% coverage) 

4-Apr 11-Apr 18-Apr 25-Apr 2-May 9-May 16-May 23-May 

No fertilizer 
- 0.14 a 0.79 a

b
4.90 b 9.40 a 10.0 a 8.90 a 10.3 a 2.1 a 

Calcium   
  nitrate 

- 0.16 a 0.27 b 0.23 c 0.06 b 0.04 b 0.22 b 0.49 b 0.06 b 

Ammonium  
  sulfate 

- 0.17 a 0.36 b 0.26 c 0.03 b 0.02 b 0.12 b 0.26 b 0.05 b 

Urea - 0.11 a 0.26 b 0.46 c 0.12 b 0.09 b 0.31 b 0.76 b 0.09 b 
No fertilizer + 0.07 a 1.10 a 7.90 a 11.0 a 11.0 a 7.90 a 9.7 a 1.9 a 
Calcium  
  nitrate 

+ 0.08 a 0.28 b 0.76 c 0.08 c 0.04 b 0.16 b 0.55 b 0.07 b 

Ammonium  
  sulfate 

+ 0.13 a 0.40 b 0.88 c 0.32 b 0.07 b 0.11 b 0.40 b 0.05 b 

Urea + 0.12 a 0.34 b 1.20 c 0.10 b 0.03 b 0.14 b 0.39 b 0.07 b 
    

Source of 
variation 

                 

Nitrogen  0.57 0.0002 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Calcium  
  nitrate 

 0.81 0.001 <.0001 <.0001 <.0001 <.0001 <.0001 0.00040 

Ammonium  
  sulfate 

 0.33 0.0053 <.0001 <.0001 <.0001 <.0001 <.0001 0.00030 

 Urea  0.88 0.0017 <.0001 <.0001 <.0001 <.0001 <.0001 0.00020 
TE 0.13 0.26 0.013 0.079 0.87 0.71 0.78 0.64 
Nitrogen × 
TE 

 0.59 0.39 0.095 1004 0.86 0.75 0.80 0.74 

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 8 Apr, 22 Apr 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 8 Apr  2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according to Fisher's 
protected least significant difference test. 
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Table 6. Digital image analysis of annual bluegrass and creeping bentgrass mixed green 
with nitrogen and trinexapac-ethyl (TE) application from 2 May to 23 May, 2008 
 

N-source§ TE† 

Digital image analysis   

2-May   9-May   16-May   
23-

May   
No fertilizer - 14 a 14. ab 4.5 ab 1.6 b 
Calcium nitrate - 13 a 2.8 d 0.80 d 0.41 bc 
Ammonium sulfate - 14 a 3.4 d 0.50 d 0.17 c 
Urea - 13 a 3.1 d 0.90 cd 0.30 bc 
No fertilizer + 12 a 17 a 6.1 a 3.4 a 
Calcium nitrate + 11 a 7.0 cd 1.8 cd 0.31 bc 
Ammonium sulfate + 14 a 9.1 bc 2.0 cd 0.32 bc 
Urea + 11 a 7.3 cd 3.1 bc 0.43 bc 

     ANOVA  
Source of variation  
Nitrogen  0.96 <.0001 <.0001 <.0001 
   Calcium nitrate  0.81 <.0001 <.0001 <.0001 
   Ammonium    
     sulfate 

 
0.50 <.0001 <.0001 <.0001 

   Urea  0.76 <.0001 0.0004 <.0001 
TE  0.26 0.0068 0.017 0.014 
Nitrogen × TE   0.81  0.50  0.99  0.022  
§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May, 16 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May, 16 
May 2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Table 7. The first trial of chlorophyll meter reading value on annual bluegrass and 
bentgrass mixed green with the application of nitrogen and trinexapac-ethyl (TE) from 4 
April to 23 May, 2008 
 

N-source§ 

T
E
† 

Chlorophyll meter reading value 

4-Apr 11-Apr 18-Apr 25-Apr 2-May 9-May 16-May 23-May 

No fertilizer 
- 

294 
a
‡ 284 c 265 d 248 c 237 c 245 c 225 b 248 c 

Calcium  
  nitrate 

- 
286 a 326 a 377 a 335 

a
b 331 b 342 b 273 a 318 b 

Ammonium   
  sulfate 

- 
294 a 312 

a
b 376 a 369 a 382 a 377 a 295 a 352 a 

Urea - 
287 a 326 a 354 

a
b 324 b 370 

a
b 335 b 279 a 316 b 

No fertilizer + 294 a 284 c 257 d 214 c 222 c 245 c 226 b 256 c
Calcium   
  nitrate 

+ 
292 a 307 b 340 

b
c 337 

a
b 348 

a
b 339 b 275 a 321 b 

Ammonium  
  sulfate 

+ 

292 a 304 b 350 

a
b
c 327 b 356 

a
b 360 

a
b 275 a 336 

a
b 

Urea + 
287 a 323 

a
b 326 c 338 

a
b 370 

a
b 359 

a
b 281 a 329 

a
b 

   ANOVA 
Source of 
variation 

 

Nitrogen  0.43 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Calcium   
  nitrate 

 
0.70 0.12 0.0011 0.12 0.68 0.95 0.51 0.67 

Ammonium  
  sulfate 

 
0.30 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

Urea  0.13 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
TE  0.83 0.0013 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
Nitrogen × 
TE 

 
0.89 0.51 0.51 0.13 0.53 0.23 0.41 0.29 

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 8 Apr, 22 Apr 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 8 Apr  2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according to Fisher's 
protected least significant difference test. 
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Table 8. The second nitrogen trial of chlorophyll meter reading value on annual bluegrass 
and bentgrass mixed green with the application of nitrogen and trinexapac-ethyl (TE) 
from 2 May to 23 May, 2008 
 

N-source§ TE† 

Chlorophyll meter reading value   

2-May   9-May   16-May   23-May   
No fertilizer - 211.8 a‡ 219.2 d 198.8 bc 231.2 d 
Calcium nitrate - 210.0 a 254.4 bc 230.4 a 303.8 bc 
Ammonium sulfate - 213.6 a 276.6 a 215.6 abc 301.0 bc 
Urea - 210.8 a 272.8 ab 230.0 a 329.4 a 
No fertilizer + 209.4 a 219.0 d 186.8 c 236.6 d 
Calcium nitrate + 207.4 a 247.2 c 213.6 abc 297.6 c 
Ammonium sulfate + 208.8 a 241.0 c 209.4 abc 308.2 bc 
Urea + 213.6 a 255.8 bc 223.2 ab 317.8 ab 

   ANOVA 
Source of variation  
Nitrogen  0.94 <.0001 0.011 <.0001 
   Calcium nitrate  0.67 0.0038 0.15 0.77 
   Ammonium sulfate  0.73 0.00030 0.055 <.0001 
   Urea  0.91 <.0001 0.053 <.0001 
TE  0.77 <.0001 0.0016 <.0001 
Nitrogen × TE   0.92   0.073   0.95   0.39   
§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May, 16 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May, 16 May 2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according to Fisher's 
protected least significant difference test. 
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Table 9. The third nitrogen trial of chlorophyll meter reading value on annual bluegrass 
and bentgrass mixed green with the application of nitrogen and trinexapac-ethyl (TE) 
from 29 May to 26 June, 2009 
 

N-source§ TE† 
Chlorophyll meter reading value 

29-May 5-Jun 12-Jun 19-Jun 26-Jun 
No fertilizer - 221.3 a 227.7 cd 237.0 b 186.7 d 151.7 b 
Calcium nitrate - 230.0 a 293.3 ab 278.7 a 237.7 c 169.7 b 
Ammonium sulfate - 209.0 a 281.3 ab 271.7 ab 243.0 bc 166.0 b 
Urea - 221.3 a 321.7 a 277.0 a 239.0 c 191.0 a 

No fertilizer + 224.7 a 217.0 d 233.3 b 193.0 d 159.0 b 
Calcium nitrate + 222.3 a 287.0 ab 279.7 a 256.3 abc 193.3 a 
Ammonium sulfate + 224.0 a 260.0 bc 284.7 a 270.7 ab 197.7 a 
Urea + 218.0 a 277.7 b 287.7 a 275.0 a 208.7 a 

    
Source of variation  
Nitrogen  0.74 0.00020 0.0069 <.0001 <.0001 
   Calcium nitrate  0.78 0.048 0.58 0.0068 0.00040 
   Ammonium  
     sulfate 

 0.72  0.00020  0.0016  0.00010  0.0088 

   Urea  0.46 0.0034 0.0019 <.0001 0.0081 
TE  0.70 <.0001 0.00090 <.0001 <.0001 
Nitrogen × TE   0.63 0.53 0.91 0.52 0.32 

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 29 May, 12 Jun 2009. 

†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 29 May 2009. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according to Fisher's 
protected least significant difference test. 
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Table 10. The first trial of brown ring patch disease severity of annual bluegrass and 
creeping bentgrass mixed green with nitrate, trinexapac-ethyl (TE) and azoxystrobin 
application from 25 April to 23 May, 2008 
 

N-source§ Azoxystrobin
Turf disease severity   

25-Apr   2-May   9-May   
16-

May   
control - 5.0 a 7.0 a 5.5 a 3.8 a 
none + 5.8 a 7.3 a 4.0 ab 4.3 a 

nitrate§ + 4.3 a 5.5 b 2.8 bc 3.0 ab 
nitrate+TE† + 4.8 a 5.3 b 1.8 c 2.0 b 

LSD (a=0.05)   2.1  1.4 1.9  1.6  
ANOVA P   0.50  0.021  0.0062  0.053  

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May 2008.
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 

 
 



51 
 

Table 11. The second trial of brown ring patch visual disease severity rating of annual 
bluegrass and creeping bentgrass mixed green with different combination of nitrate, 
trinexapac-ethyl (TE) and azoxystrobin application from 2 May to 23 May, 2008 
 

N-source§ Azoxystrobin 
Turf disease severity 

2-May   9-May   16-May   23-May  
control - 6.8 a 6.8 a 5.0 a 3.0 a
None + 6.0 a 5.5 a 4.8 a 4.0 a

nitrate§ + 5.3 a 2.0 b 1.8 b 2.3 a
nitrate+TE† + 6.0 a 3.3 b 2.0 b 2.3 a

LSD (a=0.05)   2.50   2.20   2.42   2.42  
ANOVA P   0.64   0.0021   0.019   0.38  

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May 2008.
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Table 12. The AUDPC (area under disease progress curve) of brown ring patch of annual 
bluegrass and creeping bentgrass mixed green after applying with water, nitrate, 
ammonium sulfate, and urea with or without trinexapac-ethyl (TE) 
 
 

N-source§ TE† 
AUDPC 

Trial 1   Trial 2   Trial 3   
No fertilizer - 27 a‡ 14 a 20 a 
Calcium nitrate - 17 b 12 a 5.0 b 
Ammonium sulfate - 12 b 14 a 5.0 b 
Urea - 15 b 14 a 7.0 b 
No fertilizer + 27 a 14 a 20 a 
Calcium nitrate + 13 b 14 a 5.0 b 
Ammonium sulfate + 13 b 14 a 6.0 b 
Urea + 14 b 15 a 6.0 b 

LSD (a=0.05)   5.3  3.6  2.9  
ANOVA P   < .0001  0.87  < .0001  

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May, 16 May 2008 
in trial 1 and 2; 29 May, 12 Jun 2009 in trial 3. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May, 16 
May 2008 in trial 1 and 2; 29 May, 12 Jun 2009 in trial 3.  
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Table 13. The AUDPC (area under disease progress curve) of brown ring patch of annual 
bluegrass and creeping bentgrass mixed green after applying with water, azoxystrobin, 
nitrate plus azoxystrobin and nitrate plus azoxystrobin plus trinexapac-ethyl (TE) 
 

    
 
 
 
 
 
 
 
 
 
 

 

N-source§ Azoxystrobin
AUDPC 

Trial 1   Trial 2   
Control - 19 a 22 a 
None + 20 a 19 a 

nitrate§ + 14 b 11 b 
nitrate+TE† + 12 b 13 b 

LSD (a=0.05)   3.9  4.3  
ANOVA P   0.0016  0.00050  

§ Nitrogen was applied at 48 kg a.i. ha-1on the following dates: 2 May 2008. 
†Trinexapac-ethyl was applied at 0.048 kg a.i. ha-1on the following dates: 2 May 2008. 
‡ Means followed by the same letter are not significantly different (P≤0.05) according 
to Fisher's protected least significant difference test. 
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Fig 1. Linear regression analysis between visual disease severity rating and the selected 
pixels analyzed by digital image analysis. Data from plots received water treatment from 
the first nitrogen trial at La Jolla in 2008 was used. 
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Figure 2. Disease progress of disease severity evaluated by visual rating (VR) and digital 
image analysis (DIA) from the plots received water only from 7 April to 23 May at La 
Jolla in 2008. 
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Genetic Structure of Populations of Waitea circinata var. circinata from Putting 

Greens in California 
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INTRODUCTION 

Waitea circinata var. circinata (Wcc), the causal agent of brown ring patch, 

causes serious problems on golf course putting greens by disrupting the uniformity and 

aesthetic value. The disease occurs in the spring through fall at temperature of 15 to 35 

°C maximum daytime air temperatures. It is especially severe in areas with closely 

mowed grasses. (de la Cerda et al., 2007). The mycelium of Wcc frequently colonize the 

foliage, crowns, upper roots, and thatch in affected areas at temperatures of 20 to 30 °C 

whereas, at temperatures above 35 °C fungal growth can be inhibited (Chen et al., 2009).  

Symptoms of brown ring patch on annual bluegrass start as thin yellow rings, 

several centimeters to 1 m in diameter. Rings would stay yellow or become brown and 

necrotic over time, and often have a sunken appearance. On low fertility greens, 

sometimes a green halo can be seen surrounding the yellow rings (de la Cerda et al., 

2007). The host range of Wcc includes cool-season turfgrasses and crops. Wcc was first 

reported in Japan on creeping bentgrass (Agrostis stolonifera L.) (Toda et al., 2005). In 

the U.S., Wcc was found on annual bluegrass (Poa annua L.), rough bluegrass (Poa 

trivialis L.) and creeping bentgrass (Agrostis palustris) (Chen et al., 2007, de la Cerda et 

al., 2007, Hyder et al., 2011). Besides turf grass, it was reported to be pathogenic to 

barley in Alaska (Leiner, 1994) and to rice in California (Gunnel, 1986).  

It is suspected that brown ring patch might be misidentified in some cases because 

the symptoms can be confused with those of fairy ring, take all patch and yellow patch. In 

the field, sign of brown ring patch is similar to leaf and sheath spot caused by 
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Rhizoctonia oryzae Ryker & Gooch (teleomorph = W. circinata var. oryzae) and R. zeae 

Voorhees (teleomorph = W. circinata var. zeae) (Ryker and Gooch, 1938, Voorhees, 

1934), which are classified in Waitea circinata Warcup & Talbot with Wcc. They can be 

differentiated by colony morphology, like sclerotia color, and rDNA ITS sequence or 

using restriction fragment length polymorphism (RFLP) (de la Cerda et al., 2007). The 

sclerotia color of R. oryzae and R. zeae is pink and orange respectively. Wcc produces 

sclerotia with different colors, from orange to pink, but eventually changes to brown 

color after 28 days incubation. Sclerotia and hyphae might be the only two inoculums 

since the teleomorph of Wcc has not been reported in laboratory or in nature. However, if 

Wcc produce basidium in nature, the dispersal distance of basidiospore may be longer 

than sclerotia. 

Wcc was first thought as an invasive pathogen. Because of the wide distribution 

and the high degree of genetic variation of Wcc, it is suspected that brown ring patch 

exists in the U.S. for a long time. The ribosomal DNA internal transcribed spacer regions 

and 5.8S region (ITS) of Wcc was analyzed using RFLP with MspI and some isolates 

were heterozygous at the MspI restriction site. A total of 17 ITS haplotypes were found in 

42 isolates and there was no obvious relationship between ITS haplotype and the 

geographic distribution of the isolates (Chen et al., 2009). This preliminary study showed 

a high level of genetic diversity in Wcc. Very little is known about the genetic diversity 

of W. circinata varieties on turfgrass in the U.S. Few studies have demonstrated the 

genetic structure of R. solani by amplified fragment length polymorphism (AFLP). R. 

solani AG-3 originating from potato in North Carolina showed distinct AFLP phenotypes 
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and 28 AFLP phenotypes were found among the 36 AG-3 tobacco isolates. The 

genotypes of AG-3 from different hosts were completely different from each other 

(Ceresini et al., 2002). In 2008, high genetic variation was found from R. solani AG-2-1 

and AG-8 in Washington (Schroeder et al., 2008). Geographic region was observed as the 

dominant factor determining population structure of R. solani AG1-1A (Taheri et al., 

2007). However, there have been no studies investigating the population genetics of Wcc 

on turf in California. 

In this study, the hypothesis is that populations of Wcc are genetically diverse 

even when small geographic locations are tested based on previous knowledge about the 

biology of Wcc. A determination was also made whether there is gene flow between 

years and locations of Wcc. To address these hypotheses, we used AFLP analysis to 

examine the genetic diversity of Wcc from two putting greens, with 80% annual 

bluegrass and 20% creeping bentgrass, collected once a year from 2008 to 2010. By 

doing this, we wanted to provide a foundation for examining the genetic structure of 

populations of Wcc in future experiments. 

 

MATERIALS AND METHODS 

Sample collection and data analysis 

 Wcc was isolated in 2008, 2009, and 2010 from two putting greens from a golf 

course in San Diego, California. The distance between the two is 300 m. Different greens 

in different years are different populations. The two putting greens, Green 4 and Green 7, 

were a mix of 80% annual bluegrass and 20% creeping bentgrass and had a history of 
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brown ring patch. Different strategies were used to collect isolates in different years to 

represent Wcc populations. In 2008, all regular fungicide applications were stopped by 

mid-March. In April, the greens were divided into 1.8 m × 1.8 m which yielded 100 plots 

for Green 4 and 110 plots for Green 7. One soil core, 7cm long and 2 cm wide in 

diameter, was randomly picked from each plot. In September of 2009, the greens had 

received a regular fungicide application thus giving us very limited time for sampling. 

The greens were roughly divided into 3.6 m × 3.6 m plots which yielded 25 plots for 

Green 4 and Green 7 respectively. Soil core sampling strategy from the previous year was 

used. Due to the low recovery rates in the previous two years, more soil cores were 

collected before the greens were aerified in March of 2010. The greens were divided into 

10 ×15 plots and one soil core was randomly collected from each plot. In total 150 cores 

were picked from each green. 

The AFLP chromatograms generated by the ABI 3100 were first converted to gel-

like images using the software Genographer 2.1 (http://hordeum.oscs.montana.edu/ 

genographer/). DNA fragments with size between 100 and 450 base pairs were visually 

analyzed. Putative alleles at each polymorphic AFLP locus were scored using a binary 

code (1 or 0) corresponding to positive and null alleles, respectively. For the selection of 

AFLP markers, only polymorphic markers that were reproducible and easily identified 

were scored. The markers were named beginning with a letter code corresponding to the 

primer combination used followed by the size of the fragment.  
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Isolation, Culturing and DNA extraction 

Wcc was isolated by inserting one sterilized toothpick into one infected soil core. 

Each toothpick was placed  in a 50 ml centrifuge tube and  incubated at 28 ºC for 48 hrs, 

after which time each  toothpick was  removed and placed on a 9-mm Petri dish with 

quarter-strength potato dextrose agar (PDA, Fisher Scientific, Pittsburgh, PA) amended 

with technical grade thiophanate-methyl with 93% active ingredient [a.i/] (100 mg a.i./L; 

BASF Ag Products, Research Triangle Park, NC), benomyl (1µg a.i./ml; Benlate 50 WP; 

E.I. du Pont de Nemours and Company, Wilmington, DE), rifampicin (100 mg/L, Sigma-

Aldrich, St. Louis, MO), and ampicillin (500 mg/L, Sigma-Aldrich, St. Louis, MO) 

(Paulitz and Schroeder, 2005; Kammerer et al., 2009). The cultures were incubated at 28 

ºC.  Once a fungal colony of Wcc was observed based on colony morphology (Toda et al., 

2005), hyphae was cut and transferred to 9-mm Petri dish with quarter-strength PDA. 

DNA was obtained as described by Chen et al., 2009  

AFLP Marker development  

A modified method from Vos et al. (1995) was used to develop AFLP fingerprints. 

Genomic DNA (approximately 200 ng) was digested with the restriction enzymes 1.25 U 

of EcoRI and MseI and BSA (4.0 mg) at 37°C for 3 h and then ligated to double-stranded 

EcoRI and MseI adaptors by T4 DNA ligase (New England Biolabs) for another 3 hr at 

37°C. The ligation products were diluted ten times with TE (10 mM Tris/HCl, pH 8.0, 

0.1 mM EDTA) and then used for polymerase chain reaction (PCR). A total of 26 primer 

combinations with the addition of two or three selective nucleotides at the 3’ end of 

EcoRI and MseI were screened using 12 Wcc isolates. Four primer pairs (Eco + GC/ Mse 
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+ CT, Eco + TA/ Mse + AT, Eco + GTT/ Mse + CT, Eco + GTT/ Mse + AC) were 

chosen to obtain a genetic fingerprint of all of the isolates because they amplified enough 

polymorphism on agarose gel. The selective primers were pre-labeled with fluorescent 

(FAM- Eco + GC, HEX- Eco + TA, HEX- Mse + CT and FAM- Mse + AC). Each 20 µl 

reaction contained 1X Taq buffer (Invitrogen, Carlsbad, CA), 2.5 mM MgCl2, 0.05 mM 

dNTP, 3.75 µM of each primer, 0.5 U of Taq polymerase (Invitrogen, Carlsbad, CA) and 

10 µl of. Thermocycling conditions consisted of an initial hold at 72°C and 94°C for 1 

min and 3 min respectively, followed by 44 cycles with an annealing temperature of 65°C 

for 30 s and extension temperature of 72°C for 1 min with the annealing temperature 

reduced by 1 °C for the first nine cycles. The program ended with a 5 min hold at 72°C. 

All amplifications were performed in a MyCycler thermocycler17 (Bio-Rad Laboratories 

Inc., Hercules, California). 

PCR products were analyzed by the Institute for Integrative Genome biology at 

the University of California, Riverside by using ABI 3100 Genetic Analyzer. 

Population analysis 

Two types of data sets were generated for the analysis: one using all isolates and 

the other using clone-corrected data sets in which each multilocus genotype was 

represented only once (Chen and McDonald, 1996). The data from all isolates were only 

used to analyze allele frequencies. Allele frequencies at each locus were examined by F-

statistics, computed according to, using FSTAT 2.9.3 (Goudet, 1995). Population 

differentiation was tested among all populations by comparing allele frequencies using 

Weir and Cockerham’s (1984) population differentiation statistic θ. The estimated θ 
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value was tested under the null hypothesis of nondifferentiation among populations (θ = 0) 

by comparing the observed value of θ to values estimated for data sets in which alleles 

were resampled without replacement 10,000 times using the program FSTAT. 

The index of association was calculated by measuring the distance between all 

pairs of loci (Multilocus V 1.3, Agapow and Burt, 2001) in order to test the importance of 

clonal or sexual reproduction within each population. Linkage disequilibrium measure (rd) 

was used because IA is sensitive to the number of loci. The rd value was independent of 

the number of loci. Both were tested by its deviation from the expected value (zero) 

assuming there was no linkage disequilibrium (Agapow and Burt, 2001). An IA value 

differing significantly from zero rejects the null hypothesis of random mating, whereas 

sexual recombination is expected to result in an IA value close to zero (Burt et al., 1996). 

Analysis of molecular variance (AMOVA; Excoffier et al., 1992) was used to 

partition the total genetic variation among groups and within populations. AMOVA was 

analyzed using Arlequin 3.5 (Excoffier and Lischer, 2010). 

 

RESULTS 

Genetic variation and pairwise population differentiation. One hundred and 

sixteen Wcc isolates were recovered from the 560 soil cores collected from San Diego 

from 2008 to 2010. Six populations were obtained and named beginning with isolated 

year and followed by the number of the green; they are 08-G4, 08-G7, 09-Gh4, 09-G7, 

10-G4, and 10-G7. Of the four primer combinations used, 53 markers were observed and 

only 21 markers were polymorphic in all of the populations. When a dendrogram was 
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constructed from the combined AFLP data from all four primer combinations, no clear 

grouping was observable and only two isolates were clonal (data not showed). Allele 

frequencies were showed after clonal correction and choosing polymorphic markers with 

allele frequency between 0.286 and 0.875. No population differentiation could be 

detected among the Wcc populations when using Weir and Cockerham’s from the alleles 

scored from clone-corrected data set (θ = 0.027) (Table 1).  Neither were there any signs 

of differentiation by distance or years when estimating theta between each population. 

All 15 pairwise population differentiation estimates resulted in low θ values indicating an 

unrestricted genotype flow between all six Wcc populations. When greens within the 

same year were compared, low FST (-0.003 to 0.043) was observed. FST was between -

0.033 to 0.072 when greens from different years were compared (Table 2`).  

Significant variation among regions and populations within regions is revealed by 

the AMOVA. A larger proportion (95.80%) of the genetic variation obtained was 

partitioned within rather than among populations (4.2%), for which FST was 0.0042 and 

statistically highly significant (p < 0.0001). When isolates from different greens were 

analyzed, a bigger amount of the total variation (99.47%) was observed Greens 4 and 

Greens 7 populations than among the populations (0.53%). The differentiation among 

years, FST, was significant 0.01529 (p = 0.027) and amounted to 1.53% of the total 

variability (Table 4). 

Multilocus disequilibrium. All data and clone-corrected data were tested for 

disequilibrium between loci. Before clone-correction, multilocus disequilibrium analyses 

based on the index of association (IA) were only consistent with a random mating model 
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for 2 out of the 6 populations. The two populations, 09-G4 and 09-G7, were not 

significant based on IA. When rd value was observed, only 08-G4 was significant before 

clone correction. After clonal genotypes were removed from the data sets, all of the six 

populations were not significant with each other according to IA and rd (Table 3).   

 

DISCUSSION 

In this work, we present information on the epidemic of Wcc in the putting greens 

in California was induced by populations of the pathogen that showed consistently high 

levels of genetic diversity. Earlier report provided evidence of heterozygosity in rDNA 

ITS sequence which found 17 ITS haplotypes among 42 isolates obtained from California, 

Connecticut, Idaho, Illinois, Massachusetts, New York, Ohio, Oregon, and Rhode Island. 

No obvious relationship between ITS haplotype and the geographic distribution of the 

isolates was found (Chen et al., 2009). The similar results were observed in the six 

populations collected from two closely located greens start from 2008 to 2010. The high 

genotypic diversity and few clonal genotypes found between years suggest that there is 

gene flow between greens and years and the pathogen may be sexually reproducing in the 

field based on allele frequency and index of association results. Sexual structure of W. 

circinata has been observed in nature and was successfully produced in culture (Warcup 

and Talbot, 1962). Although never been observed on putting greens and seems unable to 

be produced in vitro (C. Chen, unpublished data), it remains possible that Wcc produce 

hymenium and release basidiospores on turf. The distribution of Wcc was thought mainly 

by sclerotia but this study indicated that sexual stage may also play an important role. As 
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we know, this is the first study about the population structure and the genomic diversity 

of Wcc. 

The AFLP analyses showed a great diversity among the Wcc demonstrating that 

the Wcc isolated from putting greens in southern California were not a clonal population. 

Isolates from same green are different with each other on growth rate, sclerotial size, 

location on and in the media, timing of production in culture. We have tested anastomosis 

reaction of Wcc isolates collected from different locations and observed few C1 reactions 

and some C0 reaction. The type of hyphal anastomosis reactions include C0 which 

indicates no hyphal fusion, C1 involves hyphal contact with cell wall but no cytoplasmic 

fusion, C2 indicates cell wall and cytoplasmic fusion accompanied by pore formation and 

death of adjacent cells, and C3 indicates cell wall and cytoplasmic fusion with no death 

of fused cells (Carling D. E., 1996; Macnish et al., 1997). Such high genetic diversity 

might relate to the low anastomosis frequency that was reported in Japan. The 

anastomosis frequencies within each Waitea circinata varieties were between 26% - 36% 

and 30% for W. c. var. circinata (Toda et al., 2007). And the anastomosis frequencies 

between Wcc, W. circinata var. zea and W. circinata var. oryzae were also not high (23 – 

26%). Compare with the high anastomosis frequency of R. solani, Wcc seems have 

higher genetic diversity. 

One of the unanswered questions of brown ring patch is why yellow rings 

coalesce with adjacent rings and sometimes fade away in the end of the disease. It was 

suspected that different rings in one small area are different clones thus when 

anastomosis reaction occurs, these rings merge and the contacted edge disappear. In the 
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case of R. solani, isolates recovered from different patches are different clones and 

isolates recovered from the patch and healthy area outside the patch were of the same 

clone (Aoyagi et al., 1998). The results suggested that Wcc isolates in one ring and the 

area outside the ring may belong to same clone and different rings are different clones, 

like R. solani. After different rings merge, different clones have C2 reaction which lead 

to hyphae death then the contact edge disappear.  

Future works should examine Wcc from different hosts and different countries to 

identify the overall genetic diversity and the disease origin. Based on the genetic diversity 

within Wcc and between Waitea anastomosis groups (WAG), these four varieties may be 

candidates for independent species thus different Wcc clones might be proposed into 

different anastomosis groups by host range or geographic distribution. W. circinata var. 

circinata obtained from agricultural soil in Alaska is pathogenic to barley and was 

pathogenic to rice (Leiner and Carling, 1994, Gunnel, 1986). W. circinata var. oryzae and 

W. circinata var. zea are pathogenic to many crops like rice, wheat and barley (Mazzola, 

1996; Ogoshi, 1990; Oniki et al., 1985; Paulitz et al., 2003) and rice, corn, onion and tall 

fescue (Erper et al., 2006; Martin, Jr. and Lucas, 1983; Ogoshi et al. 1990; Oniki et al. 

1985; Sumner and Bell, 1982). All varieties of W. circinata can also cause turfgrass 

diseases during the warm season. W. c. var. circinata causes brown ring patches in 

bentgrass, in spring through autumn (Toda et al. 2005). W. circinata var. oryzae infects 

Bermuda grass and St. Augustine grass, causing foliar lesions during the summer (Burpee 

and Martin, 1992). W. circinata var. zea also causes foliar lesions on Bermuda grass, St. 

Augustine grass, creeping bentgrass and annual bluegrass (Burpee and Martin 1992; 
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(Hsiang and Dean, 2001) during mid summer. More detailed analyses of the population 

genetics of Wcc from other countries could determine similarities and differences 

between the Canada, U.S. and Japan populations and therefore would help us to 

determine which population genetic processes are most important in shaping the 

population structure in this important fungal pathogen. 
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Table 2. Measures of population differentiation among populations of Wcc from Torrey 
Pines based on clone corrected data 
 

 
 
 
 
 
 
 
 

‡ Nonsignificant values (P ≤ 0.05) based on 300 permutations 
 

 

  

 

Populations 08-G4 08-G7 09-G4 09-G7 10-G4 10-G7 
08-G4 -  
08-G7 0.006 -  
09-G4 0.015 -0.079 -  
09-G7 0.050 0.072 0.043 -  
10-G4 0.014 -0.002 -0.033 -0.013 -  
10-G7 0.039‡ 0.049 0.060 0.017 -0.003 - 
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Table 3. The index of association (IA, rd) in populations of Wcc in California 
 
population Number of individuals used in 

analysis (Clone corrected 
samples) 

Indices of association a 
All isolates clone corrected 
IA rd IA rd 

08-G4 30 (28) 0.29* 0.03* 0.20 0.02 
08-G7 16 (14) 1.54* 0.04 0.17 0.02 
09-G4 5 (5) 0.83 0.09 0.83 0.09 
09-G7 7 (7) 0.42 0.05 0.42 0.05 
10-G4 28 (27) 0.26* 0.03 0.24 0.03 
10-G7 30 (27) 0.36* 0.04 0.26 0.03 

All 
populations 

                 116 (108)     

a Number of randomization to estimate IA and rd was 1000. 
* P < 0.01 
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Table 4. Analysis of molecular variance (AMOVA) based on 10 loci among Wcc isolates 

from California  

 

 

a One isolate per genotype was retained in each defined group (clone-corrected data). 
b Probability of a large value obtained by chance, determined by 1,023 permutations of 

the data set. 
c One group of Wcc isolates was defined consisting of two greens every year from 2008 

to 2010. 
d Two group of Wcc isolates was defined based on greens. Each group consisted of 

isolates collected from the same green with different years. 
e Three group of Wcc isolates was defined based on years. Each group consisted of 

isolates collected from the same year with different greens 

 

Source of variation D.F.a Sums of 
squared 

deviations 

Variance 
component 

% of 
total 

FST P-
valueb 

Among populationsc 5 8.087 0.0210 4.20 0.04196 <.0001
within populations 384 184.5 0.4805 95.80   
Groups based on greens   
Among populationsd 1 0.680 0.0027 0.53 0.00531 <.0001
Within populations 148 73.5 0.4966 99.47   
Groups based on years   
Among populationse 2 1.716 0.0077 1.53 0.01529 <.0001
within populations 219 108 0.4932 98.74   
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Quantifying Brown Ring Patch Severity by Digital Image Analysis  
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INTRODUCTION 

Brown ring patch is an emerging disease in the U.S. caused by Waitea circinata var. 

circinata (de la Cerda et al., 2007). The disease was first reported in Japan on creeping 

bentgrass (Agrostis stolonifera L.) (Toda et al., 2005) and has become a problem on 

annual bluegrass (Poa annua L.), rough bluegrass (Poa trivialis L.) and creeping 

bentgrass (Agrostis palustris) in the U.S. since 2003 (Chen et al., 2007; de la Cerda et al., 

2007; Hyder et al., 2011) The pathogen affects the foliage, crowns, upper roots and thatch 

in symptomatic areas. Infected annual bluegrass shows symptoms that include thin 

yellow rings or semi-circles, several centimeters to one meter in diameter that can turn 

brown or necrotic, and often have a sunken appearance. Symptoms are typically observed 

at a range of 15 to 35°C maximum daytime air temperature.  

Forecasting infection periods with disease development relies on an accurate 

estimating method and tools. The traditional technique of manually estimating the 

number of ring foci and percentage of health area divided by symptomatic area in a 

location are labor-intensive and requires trained observers to determine the presence of 

disease. Except visual rating, radiometry, digital image analysis and digitally assisted 

diagnosis (Nilsson and Johnsson, 1996; Olmstead et al., 2001; Gibson et al., 2004). 

Visual rating (VR) is the most commonly used method to evaluate disease severity. It 

is an economical and efficient method. However, it required experienced rater for 

accurate estimation. Digital image analysis has been used on Although most of the 

studies suggested that images analysis provides a more accurate estimation than visual 
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rating, some studies showed that raters gave a better estimation on lesion number and leaf 

infected area of sunflower leaf blight and oat leaf rust (Tucker and Chakraborty, 1997).  

Digital image analysis (DIA) is commonly used on many aspects including fruit 

shape, turfgrass color, turf cover and many other studies (Wycislo et al., 2008; Karcher 

and Richardson, 2003; Richardson et al., 2001). It was not until the 1970s and 80s that 

people started to use image digitization to measure disease severity (Bock et al., 2010). 

The great potential in plant pathological study was pointed out at that time and also the 

comparison to visual rating. It allowed researchers to objectively measure turfgrass 

characteristics such as turf color and therefore plant pathologists could use it to detective 

symptoms on plant. Softwares like SigmaScan Pro (SPSS, 1998) or ASSESS (Lamari, 

2002) were developed to select pixels representing disease area within an images that 

they may be further processed for evaluation. By choosing color range by setting 

different Hue angle, researchers could detect disease or plant damage by color change. 

The objective of the following research was to determine if readily available 

equipment (a digital camera and commercially available software) could accurately 

quantify brown ring patch severity in field and to evaluate DIA as a method for 

measurement of brown ring patch disease parameters. Digital images were taken to 

determine the accuracy of digital image analysis with regard to the quantification of color 

parameters. Digital images were collected of turfgrass field plots varying in visual color 

due to nitrogen fertility, plant growth regulator or different stage of disease severity to 

deter mine if digital image analysis was capable of quantifying treatment differences.  
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MATERIALS AND METHODS 

Plots design 

The two putting greens used for this study were are 960 feet apart and was from a 

golf course in San Diego, California. They were a mix of 80% annual bluegrass (Poa 

annua) and 20% creeping bentgrass (Agrostis palustris) and had a history of brown ring 

patch. In 2008, all regular fungicide applications were stopped by mid-March. In April, 

the greens were divided into 1.8m × 1.8 m and marked with white paint on the four 

corners; no fertilization was applied during the experimental period. The greens were 

mowed three times a week at a height of 3.8 mm and was sampled randomly every month 

for the presence of Wcc.  

Nitrogen and plant growth regulator application 

Technical-grade, water soluble nitrogen, calcium nitrate (15.5-0-0), ammonium 

sulfate (21-0-0), and urea (46-0-0) (ACROS organics, Belgium), were used in this study. 

The trial was conducted on an annual bluegrass and creeping bentgrass mixed putting 

green in 2008 in San Diego. Nitrogen was applied twice at the rate of 24 kg N ha-1, for a 

total of 48 kg N ha-1on April 4 and April. TE treatments included, TE by itself, or TE 

mixed with one of the nitrogen sources and was applied on April 4 . The TE application 

rate was 0.048 a.i. kg ha-1. Check plots were included, and consisted of plots sprayed 

with 815 liters of water/ha only. The treatments were applied with a CO2-powered 

backpack sprayer (R&D Sprayers, Opelousas, LA) at a pressure of 2.4 atm, in a volume 

of 815 liters of water /ha, using four TeeJet 8002VS nozzles (TeeJet, Wheaton, IL). 
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Collection and analysis of digital images 

Disease severity was rated visually by determining percentage of disease coverage 

from 0 to 10, 0 means no disease and 10 means 100% disease. One of the raters did visual 

rating in the field every week and also rated processed images on computer. The number 

of yellow or brown ring foci was also routinely counted on the green every week through 

the trial period. 

Digital images were obtained with a Nikon D70 mounted on a Davis & Sanford 

FX10 tripod (Davis & Sanford). The tripod was 1 meter in height and the photos should 

have two dots of the plot in the top. The collected images were saved in JPEG (joint 

photographic experts group, .jpg) format. Each week, fifty images were successfully 

captured throughout the 2008 season. All images were of high resolution and were 

resized to 800 by 800 pixels to shorten analysis time when not effect analysis efficiency. 

The camera setting was used in aperture mode with an aperture of f/2.8 selected, and 

proper exposure was made by a corresponding camera selected shutter speed.  

Digital images were downloaded to a laptop and analyzed individually by SigmaScan Pro 

(version 5.0, SPSS, Inc., Chicago, IL 60611). A hue angle range from 0 to 45 or 0 to 50 

and a saturation range from 0 to 100 were used to identify disease area in the images. The 

software counted the total number of selected pixels. Then the number was divided by the 

total pixel count of the image for a determination of diseased coverage percentage in the 

image.  
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Comparison of Different Trained Raters 

Sample size was determined by using OpenEpi® software 

(http://www.openepi.com; Open Epi, Atlanta, GA, USA).  Raters with different years of 

experience rated 80 images with disease severity ranging from 1 to 8 , which is the lowest 

and highest disease severity based on the first rater. They used their personal computer to 

show and rate images. 

Comparison of Different Camera 

Images were taken with Canon S5IS, Canon a700, and Nikon D70 on the putting 

green in April 25, 2008. Tripod height and camera settings were the same with previous 

used for images collection.  

Data analysis  

Disease progress curves were generated from visual rating, foci counts and digital 

analysis. Data was compared and analyzed with linear regression by MS EXCEL 

(Microsoft, Redmond, WA). Linear regression analysis was used to demonstrate 

interrater reliability, the relationship between images with original size and 800 by 800 

pixels, comparison of four cameras and the relative precision of visual rating to DIA. All 

data analysis was performed by Statistical Analysis System software v. 9.2 (SAS Institute, 

Cary, NC). The means were separated based on Fisher’s least significant difference test 

(P= 0.05).   
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RESULTS 

Differences between DIA and VR. One ongoing plant growth regulator and 

three nitrogen sources field studies were used to assess annual bluegrass and creeping 

bentgrass mixed putting green according to the ability of digital image analysis to 

quantify brown ring patch severity. Differences in turfgrass color resulting from brown 

ring patch were quantified with DIA. Disease severity of all of the plots were rated 

visually and was ranged between 1 and 22% over the 2008 season. Disease progress 

curves generated from VR are less similar to progress curves of DIA compareing with 

generated from visual rating and brown ring patch foci counting (Figures 1 and 2). A 

weak relationship was found between VR and DIA on plots received nitrogen (R2= 0.004 

to 0.2259). Regression analysis showed a higher relationship (R2= 0.61 to 0.70) between 

VR and DIA when diseased severity of plots received no nitrogen were evaluated (Table 

1). 

In the nitrogen trial in 2008, disease development evaluated by DIA and VR 

showed similar trend on plots received water only or plant growth regulator treatment for 

the first 5 weeks. In the sixth week, DIA observed more disease than VR in both 

treatments (Fig 1). On those plots received nitrogen alone or nitrogen plus plant growth 

regulator in the fourth to fifth week, VR observed a peak of brown ring path when DIA 

found a decrease of the disease. DIA showed an increase of disease severity in the 

seventh week while VR observed no changes on disease severity (Fig 1). When the scale 

of disease severity determined visually and the number of brown ring patch foci was 

counted, the disease progress curves were very similar through the trial period (Fig 2). 
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Inter-rater reliability. The four raters who had experience on rating turf disease 

from three to more than twenty years gave similar disease rating average (3.4- 4.8, 

p<0.0001) when they rated same images on computer (Table 2). When different raters 

were compared, raters 2 and 3 has highest relation (slope= 0.98, R2= 0.77) who has rated 

turf disease for 7 and 6 years respectively. The biggest difference was observed when 

comparison was made between raters 1 and 4 who had experience for 3 and more than 20 

years (Table 3). Linear regression analysis showed a weak relationship between all of the 

raters and DIA (R2= 0.45 to 0.64) (Fig 3) 

DIA threshold settings. The disease severity selected from original images and 

resized images were highly correlated (Fig 4). All of the cameras used in this study were 

highly correlated with each other (Fig 5). Images processed with two Hue angle settings 

showed significantly different, for example, same image processed by Hue 0-50 found 

19.73% of disease compared with that 5.25% of disease was selected by Hue 0-45 (Fig 6). 

  

DISCUSSION 

Both digital image analysis and brown ring patch foci counting were able to 

measure the severity of brown ring patch disease present. Fertility conditions may 

influence DIA results due to color changes. Plant growth regulator and water had similar 

result when using DIA estimated disease severity. The quality of images and various 

cameras showed no significantly impacts on rating disease severity with DIA. Although 

raters with various years of experiences on rating disease severity by eye had a low 

correlation in this study, overall they all observed similar level of disease. These results 
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showed that DIA is capable of evaluating areas for brown ring patch severity and 

monitoring disease progress over time. 

The variation of visual rating systems has been shown to be very high on 

measuring turfgrass color and dollar spot disease severity (Karcher and Richardson, 2003; 

Nutter et al., 1993; Richardson et al., 2001). Even between ratings by the same rater 

showed that the overall variation was fairly high (Nutter et al., 1993), thereby including 

bias into the statistical analysis and making detection of treatment differences more 

difficult. However, the disease progress curves based on disease severity rating by eye or 

DIA were more similar to each other when no nitrogen were applied which suggests that 

disease counts are a valid method of making comparisons if no color-effect fertilize was 

involved and comparisons among raters are not desired (Figures 1 and 2). 

However, the ability of DIA to generate accurate estimates of disease severity 

using a standard method makes comparisons across raters, geographic regions, and years 

possible. While our research did not assess the variation associated with different years, it 

is clear from previous research that it is difficult to remove rater bias, and that DIA has 

much less variation than that of visual estimates (Karcher and Richardson, 2003). In a 

dollar spot disease assessment system, the value of DIA was confirmed by the increased 

resolution of the disease severity progress curve (Horvath and Vargas., 2005).  

The high relationship between different cameras indicated no specialized 

requirement of camera for DIA. The low correlation between different raters indicates the 

presence of systematic bias among raters. More works need to be done to demonstrate the 

accuracy of DIA and the correlation between DIA and VR on rating brown ring patch 
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severity. There are two general types of disease assessment scales: qualitative scales 

based on a subjective division of disease severity into levels, and quantitative scales 

based on a quantitative trait. In this study we do qualitative estimation which showed a 

more accurate and precise estimation on mature plants compared with Horsfall-Barratt 

scales (O’Brien, 1992). However, it might also be good method to estimate brown ring 

patch severity since it had been applied on many other turf diseases like dollar spot, 

Rhizoctonia blight and snow mold (Burpee et al., 1996; Martin et al., 1984; Wu et al., 

1998) 

Our study demonstrated the usefulness of digital image analysis as an objective 

method capable of quantitatively assessing disease severity on sequential digital images 

of infected turf grass. Furthermore, the similar trend of digitally measured disease 

development indicates that all disease development was estimated with relatively high 

precision. If more questions arise after the experiment, the stored digital images can be 

analyzed, shared, and used to answer questions. Different settings or various cameras 

showed no significantly difference on estimating disease severity suggests that expensive 

equipment and complicated setting is not necessary for DIA. Visual estimation of disease 

severity and counting brown ring patch foci are often easy, economical, and time efficient 

and is usually the preferred screening technique for routine disease assessment 

evaluations. However, digital image analysis might be an appropriate procedure for 

quantitative disease severity, and a suitable instrument to better detective disease 

development in turf protection program. 
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Table 1. Summary of linear regression analysis for VR and DIA used to estimate brown 
ring patch severity measured as the intercept, slope, and coefficient of determination (R2) 
 

 
 

Treatments y- intercept R2 Slope 
water only  1.9431 0.6123 -2.1334 
calcium nitrate  -0.0054 0.004 0.1515 
ammonium sulfate  0.035 0.054 0.0761 
urea  0.0384 0.0639 0.1113 
water and growth regulator 2.1231 0.7036 -2.2242 
calcium nitrate and growth 
regulator 

0.0106 0.0027 0.1918 

ammonium sulfate N and 
growth regulator  

0.1627 0.2242 -0.0402 

urea and growth regulator 0.1063 0.0945 0.0503 
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Table 2. The average disease severity rated by rater with different years of experience on 
rating turf disease 
 

 
 

Rater Experience 
(Year) 

Average P-value 

1 3 4.4±2.4 <.0001 

2 7 4.7±1.9 <.0001 

3 6 3.4±2.0 <.0001 

4 >20 4.8±2.2 <.0001 



93 
 

Table 3. The comparison between different raters with linear regression analysis 
 

 

 Digital Image Analysis 

Comparison (X/Y) Y-
intercept 

Slope R2 (%) Coefficient of 
Variation 

Intercept Standard 
Error 

Rater 1/ Rater 2 0.12 0.75 0.76 29.33 0.33 

Rater 1/ Rater 3 1.1 0.86 0.81 20.73 0.33 

Rater 1/ Rater 4 1.8 0.66 0.65 24.61 0.39 

Rater 2/ Rater 3 1.5 0.98 0.77 22.85 0.34 

Rater 2/ Rater 4 1.8 0.84 0.76 20.31 0.30 

Rater 3/ Rater 4 1.1 0.74 0.74 21.14 0.37 
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Figure 1. Disease progress made from VR and DIA for plots received (A) Water, (B) 
nitrate, (C) ammonium, (D) urea, (E) TE, (F) nitrate plus TE, (G) ammonium plus TE, 
and (H) urea plus TE from the first nitrogen trial in 2008. 
 

 

 

 

 
 
 
 
 
 

A 
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Figure 2. Disease progress made from VR and foci number for plots received (A) water, 
(B)  nitrate, (C) ammonium, (D) urea, (E) TE, (F) nitrate plus TE, (G) ammonium plus 
TE,  and (H) urea plus TE from the first nitrogen trial in 2008. 
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Figure 3. Comparison between four raters with disease severity rated by DIA by using 
linear regression analysis.  
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Figure 4. Comparison of percent disease with original size and resized images analyzed 
by linear regression of images. 
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Figure  5. Comparison of percent disease of images captured by different cameras and the 
data was analyzed by linear regression analysis. 
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Figure 6. Comparison of the same plot evaluated at Hue angle ranges 0-45 and 0-50, (A) 
Raw photo, (B) Hue 0-45 and (C) Hue 0-50. 
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First Report of Waitea circinata var. circinata Causing Brown Ring 

Patch on Poa trivialis in California 
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Rough bluegrass (Poa trivialis L.) is a C3 (cool-season) turfgrass used on golf 

course putting greens. It is often used to overseed C4 (warm-season) turf for fall through 

early-summer use. In March 2007, at maximium daytime air temperatures of 

approximately 30 to 35°C, irregular, thin, yellow rings approximately 10 to 20 cm in 

diameter were reported on P. trivialis in putting greens from two golf courses in the 

Coachella Valley of southern California. Affected plants had a blight of the leaves and 

stems and a rot of the crown, with initial symptoms being a yellowing of the tissue 

followed by the development of a dark, water-soaked appearance of the whole plant. 

Plants turned reddish brown as the water-soaked tissue dessicated. A Rhizoctonia-like 

fungus was found to be colonizing the leaves, stems, and upper roots and thatch. Three 

isolates were obtained from the diseased turf samples. All were identified as Waitea 

circinata var. circinata based on colony morphology (Toda et al., 2005) and rDNA 

internal transcribed spacer (ITS) region sequences (de la Cerda et al, 2007). The 

sequences of the three isolates were more than 99% similar to those of W. circinata var. 

circinata deposited in the NCBI database (de la Cerda et al, 2007; Toda et al., 2005). To 

confirm pathogenicity, each isolate was inoculated onto 4-week-old P. trivialis (2 mg of 

seed per cm2) grown in 10-cm-diameter pots containing steam-sterilized UC-mix at 28°C. 

Five 8-mm-diameter plugs of each isolate were taken from 7-day-old cultures grown on 

potato dextrose agar (PDA) and placed in direct contact with the bases of the stems. The 

pots were then incubated in a moist chamber at 28°C. Five noncolonized PDA plugs were 

used as a negative control. Three pots were used for each of the three isolates and the 

check treatment. For all isolates, chlorosis of leaf and stems were observed 5 days after 
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inoculation and the tissue appeared water soaked after 7 days with the production of 

abundant aerial mycelia being observed. All plants, except the negative controls, died 

after 10 days. W. circinata var. circinata was reisolated from symptomatic tissue from the 

inoculated plants. W. circinata var. circinata was previously reported as the causal agent 

of brown ring patch on creeping bentgrass (Agrostis palustris) in Japan (Toda et al., 2005) 

and as a pathogen of annual bluegrass (P. annua) in the United States (de la Cerda et al, 

2007). To our knowledge, this is the first report of W. circinata var. circinata infecting P. 

trivialis in California. 
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First Report of Basal Leaf Blight of Kikuyugrass Caused by Waitea 

circinata var. prodigus in Southern California 
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Kikuyugrass (Pennisetum clandestinum) is a C4 grass and invasive weed adopted 

for use as a primary turf species in some golf course fairways and roughs in southern 

California. In September 2008, a new Rhizoctonia-like fungus was isolated from a 

diseased kikuyugrass sample received from a golf course fairway in Oceanside, CA. The 

kikuyugrass was from a mature stand (>20 years old) that was maintained at a height of 

approximately 1.25 cm. Symptoms on kikyuygrass developed initially as irregular, 

blighted, chlorotic patches, several centimeters to one meter, which occurred during a 

period of warm, humid weather (27 to 29°C maximum daytime temperature, 75 to 85% 

average relative humidity) on a small part of one fairway. Affected areas became brown 

and necrotic as the disease progressed. Leaf chlorosis and stem rot were observed on 

affected plants. The organism was isolated by placing symptomatic leaves on acidified 

one-quarter-strength potato dextrose agar (PDA) (600 µl of 85% lactic acid per liter of 

medium) in a petri dish (Chen et al., 2009). A colony of a Rhizoctonia-like fungus with 

yellow aerial hyphae, multinucleate hyphal cells, and irregularly shaped, golden brown 

sclerotia (4 to 7 mm) developed within 30 days at 28°C. The rDNA internal transcribed 

spacer (ITS) sequence was obtained (GenBank Accession No. HQ850254) using PCR 

amplification with primers ITS1F and ITS4 (Chen et al,2009; de la Cerda et al., 2007), 

and a BLAST search showed 100% similarity with Waitea circinata var. prodigus 

(GenBank Accession No. HM597145), which had recently been described as the cause of 

basal leaf blight of seashore paspalum (Paspalum vaginatum), another C4 grass 

(Kammerer et al., 2011), in Florida. Colony morphology and other physical 

characteristics were similar but not completely identical to those from Florida, reflecting 
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the reported morphological variation inherent in the pathogen (Kammerer et al., 2011). 

Koch's postulates were performed by growing this isolate on PDA in a petri dish for 7 

days, homogenizing the culture with 100 ml of sterilized water, filtering the suspension 

through two layers of cheesecloth, and pipetting 10 ml of the mycelial suspension onto 

the foliage and stems of 4-week-old AZ-1 kikuyugrass plants grown in UC-soilless-mix 

in 7.5-cm-diameter pots (Toda et al., 2007). Control plants were treated with a 

homogenized and filtered dish of PDA only. There were three replicate pots for 

inoculated and noninoculated treatments and the experiment was repeated independently 

three times. All of the pots were incubated in a moist chamber with a 12-h light period at 

28°C. Yellow lesions were observed on leaves and stems of inoculated plants 4 days 

postinoculation and necrosis developed 8 days later in all experiments. The same 

organism was isolated from symptomatic plants. The control plants did not exhibit any 

symptoms. To our knowledge, this is the first report of basal leaf blight caused by W. 

circinata var. prodigus on kikuyugrass in California and the first report of this pathogen 

affecting turfgrass in the western United States. 
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