
 

ABSTRACT 

SLEDGE, BRENDEN WILLIAM.  Management and Epidemiology of Large Patch in Warm season 
Turfgrasses. (Under the direction of Dr. James P. Kerns). 
 

Large patch is one of the most common damaging diseases of warm season grasses. It is caused 

by the soilborne fungus Rhizoctonia solani (R. solani), specifically from the anastomosis group AG 2-2 

IV LP (AG 2-2). Large patch which also may be referred to as a form of Rhizoctonia blight, is found 

worldwide wherever warm season grass is grown. R. solani was identified in turfgrass in 1916 by 

Charles Piper. Today Rhizoctonia is recognized as the cause of one of the most prolific diseases in 

turfgrass in the US.  

Large patch is a chronic turfgrass disease, and the fungus overwinters in the soil till 

environmental conditions are right for its growth. This disease occurs when temperatures range from 

around 18°C to 27°C. When active, the fungus infects the grass’s sheath, stolons, and roots. Symptoms 

include large, discolored circular patches and necrotic lesions on the grass surface.  

Effective Large patch management should start with prevention since R. solani is extremely 

difficult to eradicate from a field or lawn setting. St. Augustinegrass, centipede grass, bermudagrass, 

seashore paspalum, and zoysia grass are susceptible to this disease.  

 Due to the effectiveness of several fungicides in treating this disease, there are few modern 

studies on its management focused on the southeastern United States. For this reason, the objectives of 

this study were to i) Determine optimal fungicide application timing and sensitivity to various 

fungicides, ii) Determine the aggressiveness of R. solani isolates on plants at different temperatures iii) 

Determine the mycelial growth rates of R. solani isolates in media across a range of temperatures. 



 

Fungicides applied when soil temperatures are around 75-80°F (23.9-26.7°C) have the greatest efficacy 

in large patch disease suppression. Disease severity is greatest when temperatures average 70°F, however 

mycelial growth is greatest when temperatures average 80°F (26.7°C). 

We studied the influence of soil temperature on the application timing of the fungicides 

azoxystrobin and flutolanil. In field trials four fall soil temperatures, 65°F (12.8°C), 70°F (21.1°C), 

75°F (23.9°C), and 80°F (26.7°C). In years where a difference in disease severity was observed fungicide 

treatments initiated when soil temperatures averaged 80°F (26.7°C), 75°F (23.9°C), and 70°F (21.1°C) 

in both zoysia grass and St. Augustine grass reduced large patch disease severity. None of the Spring 

treatments reduced disease severity. This data suggests that applying fungicides as soil temperatures 

range from 70° to 80°F in the fall provides sufficient disease suppression and Spring applications 

provide not benefit to disease control. 

The in vitro assay compared the growth rates of R. solani isolated from zoysia grass (Rs-z), 

centipede grass (Rs-c), and St. Augustine grass (Rs-a) at six different temperatures. In this study 

isolates originating from zoysia grass exhibited less growth than those isolated from centipede grass. 

Results also show a decrease in mycelial growth in media as temperatures drop below 70°F (21.1°C). 

This shows that centipede isolates grow more vigorously when compared to zoysia and that the fungus 

is less active as temperatures drop below 70°F (21.1°C). 

The incubation study was developed using three target temperatures and three isolates of 

R. solani inoculating their respective turfgrass species. The grasses were placed in environmentally 

controlled incubators and examined for disease progress. This study found that zoysia grass exhibited 



 

the least amount of disease symptoms. This data suggests that zoysia grass is the least susceptible 

turfgrass to this disease out of those tested.  

This research increases our knowledge of R. solani and its interactions with its host species and 

temperature. These data points exhibit that fungicide timing is critical and soil temperature-based 

timing is a valid timing method for optimizing control. 
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CHAPTER 1: Literature Review 

Large Patch is a disease that affects warm season turfgrasses caused by the basidiomycete 

Rhizoctonia solani in anastomosis group (AG) 2-2 LP. R. solani is a necrotroph that is ubiquitous in 

the natural environment. Large patch used to be deemed the same disease as brown patch in grasses 

like tall fescue that is also caused R. solani. Further research revealed that the disease is caused by a 

different anastomosis group of R. solani. These separate strains of R. solani are separated by their 

affinity for hyphal fusion and exhibit different host specializations. Large patch causing R. solani will 

not readily spread to cool-season grasses and vice versa for brown patch causing R. solani.  

Large patch has distinct symptoms that can be distinguished by their circular patches and the 

distinctive rotting of the leaf collar, turning them yellow or brown. Active infection periods occur in 

the fall and spring and cause symptoms in the form of rings or patches of infected plants. Patches can 

enlarge to a diameter of 8m or more if untreated (Tredway et al., 2023). The patches may slowly 

disappear throughout the summer as the environment becomes unsuitable for the pathogen and new 

turf growth replaces that which was damaged or lost depending on the host’s recuperative potential. 

Large patch outbreaks are promoted in wet environments with poor soil drainage and develops 

as soil temperatures decline to 23-21°C. R. solani survives in the soil or plant debris during periods 

unfavorable for growth in the form of sclerotia, moniliod cells, or thick walled mycelia (Tredway et al., 

2023).  When active, R. solani usually infects plants through direct penetration with an infection 

cushion and sometimes through wounds and stomata. 

 Large patch outbreaks will affect different species of warm season grasses differently in 

severity, incidence, and recovery rate. However, the general optimum temperatures for infection and 
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sheath blighting are 20-25°C. Large patch disease is encountered wherever warm season grasses are 

grown. However, due to the ornamental nature of its host, calculating the economic cost of this 

disease is difficult.  

Warm season Grass Taxonomy 

 The warm season grasses this study focuses on is zoysia grass, St. Augustinegrass, and 

centipede grass. Three grasses commonly used in the Southeast USA. The grasses differ in their 

physiology and use in turf.  

Zoysia grasses are a very small group of C4, perennial, warm season turfgrasses in the plant 

Family Poaceae, subfamily Chloridoideae, and tribe Zoysieae. They are all contained in the genus 

Zoysia and originate from tropical Asiatic regions (Beard and Beard, 2005). Zoysia grass was 

introduced from East Asia to the United States in 1892 for use as turf due to its low maintenance and 

to create advanced lines (Patton 2017).  This is now a commonly used turfgrass throughout the United 

States, where warm season grasses are grown. Zoysia grass typically grows fine leaf blades and has a 

yellow-green color with flat or rolled, narrow leaves (Beard and Beard, 2005). Zoysia grass propagates 

above ground using stolon or runners and can form underground horizontal rhizomes. There are 

eleven species of zoysia grass whose species names include Z. japonica, Z. pacifica, Z. matrella, Z. 

sinica, Z. macrantha, Z. macrostachya, Z. minima, Z. pauciflora, Z. planifolia, Z. selslerioides, Z. 

tenuifolia. Z. japonica, Z. matrella and, Z. tenuifolia are the species commonly used in the United 

States. 

St. Augustine grass is the common name for the warm season turfgrass Stenotaphrum 

secundatum. It is in the subfamily Panicoidea and tribe Panicaea. This turfgrass is of Central American 
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and Caribbean origin (Beard and Beard,2005). This grass has excellent heat tolerance and prefers 

moist, well-drained soils (Beard and Beard 2005). Unlike zoysia grass, St. Augustine grass does not 

form rhizomes.  In the United States, St. Augustine grass is widely used as a lawn grass since it does not 

tolerate traffic like other warm season grasses and is mainly restricted to the southeast region due to its 

heat tolerance and lack of cold hardiness (Duble, 2005). Recently, the first variety of St. Augustine to 

come from a breeding program was created and developed by the University of Florida. This cultivar 

was designed for improved drought and gray leaf spot disease tolerance. St. Augustine grows in low 

densities, with a wide and short leaf blade and a bright yellow-green canopy color. 

Centipede grass’s botanical name is Eremochloa ophiuroides (Munro) Hack (Brosnan and 

Deputy, 2008). Centipede grass belongs to the subfamily Panicoidea and tribe Andropogoneae (Islam 

and Hirata, 2005). Centipede grass is native to southern China (Watson and Dallwitz, 1992) and was 

introduced to the United States in 1916 (Weaver et al., 1995). Centipede grass is now widely cultivated 

and found in the southern US, Africa, Central and Southern Asia, and South America. (Duble, 

1996).  Centipede grass spreads above ground using stolons that lie flat against the soil surface and 

visually resemble a centipede (Islam and Hirata, 2005). Like St. Augustinegrass, centipede grass does 

not form rhizomes.  

Rhizoctonia solani Taxonomy 

Rhizoctonia solani is not a singular species but a species group separated into 14 distinct 

anastomosis groups (AG) 1-13 and AGBI (Yang and Harikrishnan, 2007). Rhizoctonia solani, as a 

species group, has a very wide range of hosts that affect many crops worldwide. These groups are 

separated by their ability to perform hyphal fusion with each other. This is very important for 
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distinguishing Rhizoctonia spp. since the species complex lacks asexual spores and conidia and rarely 

produces sexual spores (Blazier and Conway, 2005). Incompatible Anastomosis groups do not 

perform a total hyphal fusion, which implies that different AGs are genetically independent (Blazier 

and Conway, 2005). Anastomosis groups are helpful for categorizing host range since Rhizoctonia 

solani has over 200 host species, many in the Solanaceae family (Sneh et al., 1991). Rhizoctonia solani 

has so far been observed for fourteen distinct anastomosis groups. (Yang and Harikrishnan, 2007). 

Beyond those fourteen anastomosis groups, R. solani is separated into subgroups by pathogenicity, 

biochemical characteristics, and genetic markers. Identifying anastomosis groups is crucial for disease 

management because they can have different optimum temperatures and host ranges. (Misawa and 

Kurose, 2019). Large patch falls within anastomosis group 2, subgroup 2 abbreviated as AG 2-2 LP 

(Flor et al., 2017). Anastomosis group 2 of R. solani has been found to harbor the most damaging 

pathogens of turfgrass (Benelli, 2016). 

Large Patch Chemical Management.  

Large patch disease symptoms can be seen as a brown spot developing on warm season grass. 

On closer inspection, you can see the initial infection on the collar of the leaves eventually leading to 

plant death. Azoxystrobin and Flutolanil are some of the most common active ingredients used in the 

chemical treatment of this disease (Obasa et al., 2017). Azoxystrobin is a systemic QoI fungicide. This 

fungicide's mode of action is inhibiting plant mitochondrial respiration (Fernández-Ortuño et al., 

2008). This is done by binding the Qo site of the cytochrome bc1 complex, blocking electron transfer, 

and inhibiting ATP synthesis in the plant. (Fernández-Ortuño et al., 2008). Flutolanil is a systematic 
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Succinate dehydrogenase inhibitor. This active chemical inhibits the succinate-cytochrome reductase, 

disrupting the electron transport pathway in complex II (Motoba et al., 1988). 

These fungicides are two of the most used in treating diseases caused by R. solani. Variability 

in fungicide sensitivity was noted suggesting R. solani that causes large patch may be less sensitive to 

azoxystrobin than brown patch causing isolates (Blaizer and Conway, 2004). Resistance to these 

fungicides has been found in some isolates of R. solani in commercial crops like potatoes and rice 

(Fernández-Ortuño et al., 2008); however, the pathogen is noted as a low risk of developing fungicide 

resistance. (Ajayi-Oyetunde et al., 2017). So far, there are no reports of fungicide resistance in isolates 

of large patch-causing R. solani.  However, using multiple fungicides with multiple different modes of 

action should be still encouraged to avoid the risk of selecting for a resistant population. 

Fungicide Application Timing Studies.  

Previous studies show that soil temperatures from 15 to 25°C with compacted and poorly 

drained soils and prolonged wetness at the leaf surface are optimal for large patch development. (Green 

et al., 1993). During the summer, high temperatures suppress disease symptoms. (Green et al., 1993). 

Cultural practices are insufficient at controlling the disease, so fungicides are often applied in the fall 

and in some areas of the US also in the spring. A wide variety of fungicides encompassing many 

different modes of action are effective for managing large patch disease. Azoxystrobin, flutalonil, and 

triticonazole are some of the most used fungicides for large patch management.  

Fall applications are primarily preventative and include at least two applications. When 

fungicide applications correspond to soil temperatures between 18 and 23°C, excellent disease 

suppression is typically observed (Obasa et al., 2017). Temperature variations within seasons also 
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significantly affect fungicide application efficacy. Spring applications in Kansas have been found to 

increase disease control with one fungicide application, but secondary spring applications were not 

shown to improve disease control (Obasa et al., 2017). Curative applications can be effective when the 

disease is not severe (Obasa et al., 2017). 

Most work on the treatment timing of large patch has been conducted in the midwestern 

region of the United States, Kansas in particular. This leaves other regions of the US with less up-to-

date information specific to their climate and soil temperatures. This study aims to help develop 

appropriate temperature-based fungicide application timing practices for the southeastern United 

States, focusing on two applications and comparing fall and spring applications. 
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CHAPTER 2: DEVELOPING EFFECTIVE PREVENTATIVE FUNGICIDE TIMINGS FOR 

LARGE PATCH CONTROL IN MULTIPLE WARM SEASON TURFGRASS SPECIES 

Brenden sledge 

ABSTRACT 

Large patch in warm season grasses is a common and costly disease in warm season turfgrass in 

the transition zone. Large patch is caused by the fungus R. solani AG 2-2 IV. Modern fungicides are 

highly effective at suppressing large patch, yet their effectiveness is dependent on accurate timing of 

initial applications. With changing climates and the lack of recent research into large patch, these 

studies are becoming more critical. The current research aims to study the relationship between 

fungicide application timing and development of large patch in warm season grasses. This research was 

conducted at the Lake Wheeler Turfgrass Research and Education Center in Raleigh, NC from 

August 2021 to October 2023. Initial applications of Azoxystrobin (Heritage®) and flutolanil 

(Pedigree™) were applied to ‘Zeon’ zoysia grass (Zoysia Japonica Steud. x Zoysia matrella (L.) Merr.) 

and ‘Raleigh’ St. Augustine grass (Stenotaphrum secundatum) when local average soil temperatures 

reached 80, 75, 70, and 65°F respectively in the fall, a separate trial investigated spring applications 

applied at 55, 60, 65, 70°F. After the initial treatment, additional applications were made four weeks 

later. These treatments were arranged in a randomized block design with four replications and 

controls. Disease severity was visually assessed as long a disease progression was observed and the 

AUDPC values were statistically analyzed. Large patch developed on St. Augustine grass earlier than in 

zoysia grass in the fall; however, fungicides applied when soil temperatures were between 8 and 75°C 

significantly suppressed large patch in both turfgrass species. This study demonstrates that 
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applications for zoysia grass and St. Augustine grass should occur when soil temperatures are between 

26.7°C and 23.9°C for optimum large patch suppression. 

INTRODUCTION 

Warm season turfgrass species have been widely used in the southern US due to their tolerance 

of local climates. Zoysia grass has been a popular choice since the 1940s due to cultivars’ adaptation to 

the environment and the fact that there are few other well-adapted grass species (Halsey, 1956). St. 

Augustine grass is widely found in coastal regions from the Carolinas to the Gulf of Mexico; it has 

been moved inland by humans for use in lawns and pastures (Duble, 1996). Centipede grass was the 

most grown warm season turfgrass in South Carolina (Haygood and Martin, 1990). It is commonly 

planted in coastal regions from North Carolina to the Gulf coast states. It is a popular turfgrass in 

these areas due to its low maintenance and fertility requirements.   

Large patch, formerly known as brown patch or zoysia patch, was first recognized as a disease 

of St. Augustine grass in 1942, but experimental evidence that R. solani caused the disease was not 

presented until 1958 (Haygood and Martin, 1990). Today, the disease is officially recognized as large 

patch and occurs in many warm season grass species inoculated with R. solani (AG 2-2) (Sneh et al, 

1991). Large patch is one of the most common diseases of warm season turfgrass in the United States. 

Studies have shown that when the environment is unfavorable for disease development, disease 

incidence rate in an inoculated field averages 10% (Spurlock, 2013).  Studies on cotton seedlings found 

that when R. solani reached 5 propagules / 100g, there was a 50% reduction in seedling survival rate 

(Weinhold, 1977). As the turfgrass roots expand in soil, they will likely contact a pathozone (Gilligan 

and Simons, 1996). Many effective fungicides are labeled for golf course turf, but fungicides registered 
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in home lawns are limited and expensive (Kerns et al., 2019). Determining the most effective timing 

for fungicides is paramount for the turf industry to manage large patch disease optimally. 

Chemical control of large patch is the most successful method of disease management since 

cultural management does not provide sufficient suppression of disease and cultural practices such as 

mowing height and fertilization do not influence turf recovery from large patch in early summer 

(Obasa et al., 2013). Soil structure affects R. solani’s ability to spread to new host plants, but reliable 

soil modification to this degree is unfeasible (Kinbursky and Weinhold, 1987). Since research into 

thatch and soil temperature-based timing methods for controlling large patch are relatively recent, 

many recommendations are based on calendar dates for the timing of fungicide applications.  

Large patch is an annual problem and often occurs in the same areas each year due to pathogen 

aggregation and survival in the soil for several years (Spurlock, 2013). Due to year-to-year weather 

variations, calendar-based application timings can lead to nonoptimal treatment efficacy. Records even 

indicate that the disease can be active much earlier than in previous decades, such as the first week of 

August (Vincelli and Munshaw, 2014). Therefore, this study aimed to determine the influence of soil 

temperature and host species on the application timing of fungicides to prevent large patch. 

MATERIALS AND METHODS 

Location and Maintenance 

Field trials were conducted at the Lake Wheeler Turfgrass Research and Education Center in 

Wake County, North Carolina from August 2021 to October 2023. The soil type is a Cecil Sandy 

loam (pH 6.4). Zoysia and St. Augustine grass plots were established from sod. Irrigation was applied 

three times each week, and 50% urea fertilizer (25-5-10) and 50% XCU slow release fertilizer was 
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applied twice annually once in May then again in July at 6.3kg N 1000 m-2. No additional inputs or 

cultivation was conducted in the experimental areas. 

Experimental Design 

 Treatments were arranged in a randomized complete block design with four controls and four 

replications per treatment in two three-year studies. The controls were plots untreated with fungicide. 

The experiments were split into independent fall and spring trials. Four application timings and two 

fungicides, azoxystrobin (Heritage) and flutalonil (Pedigree), were evaluated for efficacy for large 

patch control. Field trials were arranged into four rows with nine plots in each row. Each plot 

measured 0.91 m x 1.52 m. One ‘Zeon’ zoysia grass and one ‘Raleigh’ St. Augustine grass field were 

selected for these trials. Each year, the plots were inoculated with R. solani isolated from the 

corresponding grass species and grown on 2000ml of sterilized rye grain based on the methods of Lee 

et al. (2017). Inoculum was prepared using two R. solani isolates one isolated from Lake Wheeler 

zoysia grass and St. Augustinegrass turfgrass plots, taken from -80°C storage, and grown in a petri dish 

containing potato dextrose agar (PDA). After 7 days, the entire fungal cultures were cut into ~1 cm 

square pieces and placed on rye grain and allowed to grow at room temperature for three weeks. The 

inoculated rye grain was then mixed together to better simulate the variety of R. solani found in field 

conditions.  Before infestation with R. solani, 250 cm3 rye grain, 10 g CaCO3, and 220 mL distilled 

H20, were autoclaved at 121°C for 45 min in 1 L Erlenmeyer flasks. Ten cubic cm of inoculated rye 

grain was placed near the soil surface at two points within each plot. Zoysia grass plots were mowed 

three times a week and maintained at 1.27 cm in length. St. Augustine grass plots were also mowed 

three times a week and were maintained at a height of 5.84 cm. This experiment was split into two 
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separate spring and fall experiments. No experiment was performed on the effect of the application of 

fungicides in both fall and spring. These experiments were repeated over three years, from fall 2021 to 

fall 2023.  

Application rates and timing  

Azoxystrobin was applied at a rate of 0.305 g/m², and flutalonil was applied at a rate of 0.3 

ml/m². The fungicides were measured and mixed with 610 ml of water on the day of application. 

Fungicide applications were performed using a CO₂ backpack sprayer and applied using a handheld 

boom with Teejet DG95015EVS nozzles at 344.7 kPA towards the base of the canopy. The spray dates 

were determined by soil temperature as observed by the NC State climate office Lake Wheeler Road 

Field Lab station 5-day average. Soil temperatures were measured 10 cm below the surface using a 

below-ground thermistor. The target soil temperatures for the initial fungicide applications in the fall 

were 80°F (26.7°C), 75°F (23.9°C), 70°F (21.1°C), and 65°F (18.3°C). The target soil temperatures for 

initial applications for the spring were 55° F (12.8°C), 60° F (15.6°C), 65°F (18.3°C), and 70°F 

(21.1°C). These temperatures were based on observed large patch symptom dates. Each plot was 

sprayed 28 days after the initial fungicide temperature based application timing. 

Data collection and analysis 

Disease severity ratings were conducted 1 day after symptom appearance after initial fungicide 

application. Disease severity was visually assessed, using a scale from 0-100%, with the percentage of 

the plot that displayed symptoms of large patch (necrosis, patch size, and yellowing). Disease severity 

was assessed for 11 weeks fall 2021, 7 weeks fall 2022 and 2023 and, 5 weeks for the 2023 spring trials 

due to variability in disease pressure. The standardized Area Under the Disease Progress Curve 
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(AUDPC) was calculated using the recorded severity data and the formula ∑ (
Yi+Yi+1

2
) ∗ (ti −

𝑁𝑖−1

𝑖=1

1 + 1 −  ti ) where Y is disease incidence, t is time, and i = 1,2 … n-1. The AUDPC values were 

standardized by dividing it with the total number of days between the first and last assessments 

(Berger, 1988). 

 AUDPC data was analyzed using the SAS OnDemand software’s (SAS 9.3M1) PROC 

GLIMMIX. A Gaussian distribution was used, and replication was considered a random effect and the 

Temperature, fungicide ingredient and interaction were fixed. Temperature-based timing and active 

ingredients were the fixed effects. The means separated by Tukey’s studentized range test (HSD) at P 

<0 .05. Least Square means was calculated and compared by using the Lines statement. The data from 

each grass species was analyzed separately.  

RESULTS AND DISCUSSION 

In both the spring and fall trials, neither the effect of fungicide nor the nested effect of 

fungicide within temperature significantly affected AUDPC value in any year. Tables 1.1 and 1.2 are 

included to demonstrate the statistical significance. The year the experiment was performed 

significantly affected experimental results except for the spring St. Augustine grass trials so that this 

analysis will focus solely on the effect of temperature on disease severity of each year separately for each 

trial. The yearly spring St. Augustine grass experiments were analyzed together (p =.59). The effect of 

the fungicide nested within temperature did not affect sAUDPC values.  

 Large patch symptoms in zoysia grass in fall 2021 (Figure 1.1) were first observed on October 

19, and in St. Augustine grass (Figure 1.2), large patch symptoms developed on October 7, which 
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occurred before the first fungicide application. Disease severity in control of plots zoysia grass ranged 

from 0% to 25% while in St. Augustine grass disease severity ranged from 1% to 50%.  When fungicides 

were applied at 26.7 and 21.1°C, large patch severity was reduced by 68-91% compared to the non-

treated control. Fungicides initially applied when soil temperature averaged 18.3 did not reduce disease 

severity compared to the non-treated control (Table 1.1, Figure 4.1). In the St. Augustine grass study, 

all treatments reduced disease severity compared to the non-treated control (Table 1.2, Figure 4.2). 

None of the timing treatments, however, differed from each other. 

Large patch symptoms were first observed in fall 2022 on September 26 in zoysia grass (Figure 

2.1), and disease incidence in St. Augustine grass predated the application timings and were observed 

on September 12. Disease severity in zoysia grass control plots ranged from 0% to 55%, in St Augustine 

grass, it ranged from 0% to 29%. In zoysia grass, all fungicide treatments were effective in reducing 

disease severity compared to the non-treated control (Table 2.1, Figure 5.1).  The application timings 

had no effect on AUDPC values in the St. Augustine grass trials compared to the non-treated control 

(Table 2.2). 

Disease symptoms were first observed in fall 2023 on September 25 in zoysia grass  

(Figure 3.1), and disease incidence in St. Augustine grass predated the application timings and were 

observed on September 18 (Figure 3.2). Disease severity in zoysia grass control plots ranged from 0% to 

17%, and in St. Augustine grass, it ranged from 0% to 2%. It was found that none of the treatments in 

either Zoysia or St. Augustine grass affected disease severity when compared to the non-treated 

control. (Table 3.1, 3.2).  
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Symptoms were first observed in spring 2022 on March 23 in zoysia grass and on April 13 in 

St. Augustine grass. Disease severity in zoysia grass control plots ranged from 5% to 35%. In St 

Augustine grass, disease severity ranged from 0% to 11%. Spring application timings did not affect 

large patch disease severity in zoysia grass or St. Augustine grass (Table 4.1, 6.1).  

Disease symptoms were first observed in Spring 2023 on April 12 in zoysia grass and St. 

Augustine grass. Disease severity in zoysia grass ranged from 3% to 17%. In St Augustine grass, it 

ranged from 2% to 10%.  Spring application timings did not affect large patch severity in zoysia grass or 

St. Augustine grass (Table 5.1, 6.1).  

CONCLUSION 

Current recommendations support fall fungicide applications for large patch management 

when thatch temperatures are 17.8 to 23.2°C (Obasa et al., 2017). Results from this study in fall 2021 

support these findings, with treatments applied at 23.9°C having the lowest disease severity yet similar 

to applications made at 21.1°C. However, applications made at 26.7°C were also found to be similarly 

effective during every trial with a significant effect in the treatment. In St. Augustine grass, we found 

that while the treatments decreased disease severity when compared to the control, none of the 

treatments were significantly different from each other. The cause of this phenomenon may be the 

early occurrence of disease symptoms, which predate the earliest spray timings by weeks in some 

cases. Research on chemical-based management of large patch in St. Augustine grass is lacking 

compared to zoysia grass or other warm season grasses such as seashore paspalum (Paspalum 

vaginatum). A separate set of recommendations at an earlier calendar date or a higher thatch/soil 
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temperature may be needed to appropriately manage large patch disease in St. Augustine grass and 

potentially other species of warm season grass. 

Chemical management of R. solani is ineffective once disease symptoms are available so an 

even earlier spray date in St. Augustine grass may be worth investigating and may explain why only one 

of our trials found a reduction of disease severity, compared to the control after fungicide applications.  

In the incubation study, results showed that St. Augustine grass inoculated with R. solani 

exhibited the lowest disease severity when incubated at 26.7°C compared to the other incubation 

temperatures. However, zoysia grass had lower disease severity at all tested temperatures. Zoysia grass 

may be less susceptible to large patch disease than St. Augustinegrass. This could be due to structural 

or metabolic differences, which could be studied further in a follow-up study. During the fall 

observation, disease symptoms occurred in St. Augustinegrass, usually weeks before the symptoms 

were observed in zoysia grass. This may be due to differences in when the grasses initiate dormancy at 

higher temperatures than zoysia grass. Fungicides are most effective when applied preventively, which 

may be why we don’t see an effect between the treatments in the St. Augustine grass experiments. 

Throughout the study, none of the spring trials showed any significant effect of treatments on 

disease severity. This result is the same as the one found in Obasa et al, (2017). The results of this study 

support that spring applications are ineffective for managing large patch disease severity. The disease 

symptoms we see in the spring may be symptoms remaining from disease symptom occurrence in the 

fall. There are many golf courses, lawn care companies and local park and recreation departments that 

would benefit from an improved system applying fungicides for management of large patch disease. In 

this study, we found that for all seasons with significant results, applying fungicides when soil 
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temperatures reach an average of 21.1-26.7°C reduced disease severity. Applications made at 18.3°C 

resulted in lower disease severity except for one fall application in zoysia grass. With this information, 

fungicide applications should be planned for when soil temperatures reach 21.1-26.7°C or 18.3°C if 

that range does not align with their schedule. 
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Table 1.1: Type III test of fixed effects for the fall 2021 zoysia grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

 

 
  

Source of Variation Num DF  DF F Value Pr > Fy 

Application Temperature 4 24 10.64 <0.001 

Temperature (Fungicide) 4 24 0.32 0.86 
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Table 1.2: Type III test of fixed effects for the fall 2021 St. Augustine grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF  DF F Value Pr > Fy 

Application Temperature 4 24 15.87 <0.001 

Temperature(Fungicide) 4 24 1.29 0.30 
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Table 2.1: Type III test of fixed effects for the fall 2022 zoysia grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF  DF F Value Pr > Fy 

Application Temperature 4 24 3.02 0.03 

Temperature(Fungicide) 4 24 1.3 0.30 
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Table 2.2: Type III test of fixed effects for the fall 2022 St. Augustine grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF  DF F Value Pr > Fy 

Application Temperature 4 24 1.82 0.16 

Temperature(Fungicide) 4 24 0.47 0.75 
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Table 3.1: Type III test of fixed effects for the fall 2023 zoysia grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF DF F Value Pr > Fy 

Temperature 4 24 1.85 0.15 

Temperature(Fungicide) 4 24 0.42 0.79 
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 Table 3.2: Type III test of fixed effects for the fall 2023 St. Augustine grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

 
  

Effect Num DF DF F Value Pr > Fy 

Application Temperature 4 24 1.22 0.33 

Temperature(Fungicide) 4 24 0.76 0.56 
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Table 4.1: Type III test of fixed effects for the spring 2022 zoysia grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

 
  

Effect Num DF DF F Value Pr > Fy 

Application Temperature 4 24 0.83 0.52 

Temperature(Fungicide) 4 24 1.48 0.24 
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Table 5.1: Type III test of fixed effects for the spring 2023 zoysia grass field trials. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF DF F Value Pr > Fy 

Application Temperature 4 24 0.10 0.98 

Temperature(Fungicide) 4 24 0.68 0.61 
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Table 6.1 Type III test of fixed effects for the unified Spring St. Augustine grass field trials 21-23. 

y Tukey’s studentized range test (HSD) at P<0.05. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Source of Variation Num DF  Df F Value Pr >Fy 

Application Temperature 4 59 0.89 0.47 

Temperature(Fungicide) 4 59 0.58 0.68 
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Figure 1.1: Fall 2021 zoysia grass field trial drone image. Taken November 5, 2021, by a DJI Mini 2 
from 40ft above the field plot 
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Figure 1.2: Fall 2021 St. Augustine grass field trial drone image. Taken November 5, 2021, by a DJI 
Mini 2 from 40ft above the field plot 
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Figure 2.1: Fall 2022 St. Augustine grass field trial drone image. Taken September 28, 2022, by a DJI 
Mini 2 from 40ft above the field plot 
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Figure 3.1: Fall 2023 zoysia grass field trial drone image. Taken October 31, 2023, by a DJI Mini 2 
from 40ft above the field plot 
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Figure 3.2: Fall 2023 St. Augustine grass field trial drone image. Taken October 31, 2023, by a DJI 
Mini 2 from 40ft above the field plot 
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Figure 4.1: Influence of soil temperature on timing of preventive fungicide applications for 

suppressing large patch in 'Zeon' zoysia grass. Second applications were conducted four weeks after the 

initial application. Bars represent standardized area under disease progress curve (sAUDPC) values 

calculated from 11 rating dates in fall 2021. sAUDPC values followed by the same upper-case letter are 

not significantly different according to Tukey’s studentized range test (HSD) at P<0.05.  Error bars 

represent the standard error. 
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Figure 4.2: Influence of soil temperature on timing of preventive fungicide applications for 

suppressing large patch in 'Raleigh' St. Augustinegrass. Second applications were conducted four 

weeks after the initial application. Bars represent standardized area under disease progress (sAUDPC) 

curve values calculated from 11 rating dates in fall 2021. sAUDPC values followed by the same upper-

case letter are not significantly different according to Tukey’s procedure at P<0.05.  Error bars 

represent the standard error. 
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Figure 5.1: Influence of soil temperature on timing of preventive fungicide applications for 

suppressing large patch in 'Zeon' zoysia grass. Second applications were conducted four weeks after the 

initial application. Bars represent standardized area under disease progress (sAUDPC) curves values 

calculated from 7 rating dates in fall 2022. sAUDPC values followed by the same upper-case letter are 

not significantly different according to Tukey’s studentized range test (HSD). at P<0.05.  Error bars 

represent the standard error. 
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Chapter 3: The Effect of Temperature on the Mycelial Growth Rate and Disease Severity of 

Rhizoctonia solani 

ABSTRACT 

Based on previous studies, isolates of Rhizoctonia solani known to cause large patch collected 

from warm season grasses are likely genetically homogeneous. Therefore, genetic differences in the 

pathogen among isolates do not explain why large patches develop at different times and how disease 

severity varies among warm season grass species.   This may be better explained by environmental 

factors or host-pathogen interactions. Research into differences in disease severity and disease onset 

needs to be more extensive. Improving our understanding of R. solani host interactions, and disease 

epidemiology can assist with disease management.  

The objective of these studies is to determine how the aggressiveness of R. solani isolates on 

hosts and at different temperatures and observe how temperature effects the mycelial growth of R. 

solani incubated at different temperatures over time. These studies observed large patch disease 

severity as affected by three temperatures and three grass species, as well as R. solani mycelial growth in 

vitro affected by environmental temperature.  

In the media study R.solani isolated from three different turfgrass species was grown in media 

to determine their mycelial growth as effected by environmental temperature and host they were 

isolated from. R. solani isolated from centipede grass (Rs-c) had higher mycelial growth than those 

isolated from zoysia grass (Rs-z) in each experiment. All R. solani isolates tested exhibited decreased 

mycelial growth in response to environmental temperatures below 75°F (23.9°C). 
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In the disease severity study host grass plants were inoculated with R. solani and incubated 

across three environmental temperatures centipede grass and St. Augustine grass displayed increased 

disease severity as incubation temperature decreased; the inverse was observed in zoysia grass. Disease 

severity was lowest in zoysia grass across all temperatures. Inoculated plants incubated at 80°F (26.7°C) 

had significantly lower disease severity than those at 70°F (21.1°C) or 75°F (23.9°C). This data provides 

information on an overlapping point around 70°F (21.1°C) where the environment, growth of the 

pathogen and the host is optimally conductive to disease development in the host plant. 

INTRODUCTION 

Relative Mycelial Growth and Aggressiveness as Influenced by Temperature 

Rhizoctonia solani is a soilborne pathogen of warm season grasses. R. solani is ubiquitous in 

soils, and patch diseases caused by the fungus are common and damaging. Although basidiospore 

production is limited, R. solani hyphae can grow in soil expanding to a susceptible host (Otten and 

Gilligan, 1998). The growth of the pathogen's hyphae through the soil has been observed at velocities 

of more than 1 cm/day through soil (Baker and Martinson 1970). After about 10 to 12 hours of 

contact between R. solani and a susceptible host under favorable conditions, sclerotia or hyphae will 

attach to the leaf sheath of grass then hyphae will colonize the host plant's surface, penetrate the 

stomata via penetration pegs, and produce an infection structure in the host (Kouzai et al., 2017; 

Savary et al., 1995). R. solani can produce basidiospores which are important for the funguses genetic 

diversity despite being mostly clonal in nature.  R. solani’s basidiospores are not a known source of 

inoculum for diseases caused by R. solani in turf. (Marcus et al., 1986; Naito, 1996).  
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R. solani infects zoysia grass as growth slows and goes into dormancy in the late summer or 

early fall or as the grass comes out of dormancy in the spring. Typically, disease symptoms are most 

prevalent as temperatures reach 15.5- 25°C in the spring and fall. This process is supported by 

precipitation and poor drainage. R. solani’s growth is hampered as soil temperatures rise above 30°C in 

the summer (Green et al., 1993). Centipede, zoysia, and St. Augustine grasses grow optimally as soil 

temperatures range 27-35°C (Yao et., al 2011). These summer temperatures also favor zoysia grass 

growth, aiding recovery, but may allow weeds to flourish in canopy thinned by disease symptoms. 

This gives a specific timing window in which the pathogen flourishes, and management must be 

performed. Centipede grass is known to be the most susceptible turfgrass to large patch. However, 

with a sufficient outbreak, the disease can cause extensive damage to zoysia, bermuda, and St. 

Augustine grasses. This variability in turfgrass susceptibility is not well characterized outside of field 

observations.  

 Proper timing is critical to the effectiveness of chemical treatment. If applied too early, the 

fungicide will degrade before the fungus is actively growing, and if used too late, disease symptoms will 

develop. Disease reduction from chemical control methods have been studied to be most effective 

when soil temperatures range from 17.8 to 23.2°C and when two fungicide applications are made 

about a month apart (Obasa., et all 2017). The bulk of these studies come from the Midwest United 

States, in the southeastern USA general recommendations are to apply fungicides when soil 

temperatures drop below 26.7°C for at least five days. 

Few studies have compared the mycelial growth and aggressiveness of R. solani isolates 

collected from warm season grasses. Yet, substantial variation in disease resistance has been observed 
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between genotypes within the St. Augustine and zoysia grass species (Flor, 2017; Obasa et al., 2012).  

This could be explained by genetic variation among collected isolates, but minimal genetic variation 

among R. solani isolates from warm season turfgrasses has been reported in previous studies (Li et al., 

2005). Isolates from a relatively recent study were not clustered according to their host or geographic 

origins, implying that the isolates were homogenous (Li et al., 2005) 

The purpose of these studies is to observe the influence of the host R. solani is isolated from 

and temperature on the mycelial growth and aggressiveness of R. solani. This experiment observed and 

quantified the impact of temperature, species of isolation, and their interaction on the mycelial growth 

of R. solani on nutrient media in the labratory.  

MATERIALS AND METHODS  

Mycelial Growth of R. solani in response to temperature 

Radial hyphal growth of five isolates of R. solani, two sampled from zoysia grass isolated from 

Lake Wheeler research field lab (Rs-z, Rs-z2), two from St. Augustine grass (Rs-a, Rs-a2) isolated from 

Lake Wheeler research field lab, and one from centipede grass taken from the piedmont region of 

North Carolina (Rs-c), were determined using a mycelial growth assay (Kerns and Treadway, 2008). A 

3 mm diameter agar plug was removed from the edge of a 7-day-old colony full strength potato 

dextrose agar (PDA, Thermo Scientific™, Waltham, MA) and placed in the center of a petri dish (85 x 

15mm) containing the same PDA medium. Three replicate plates for each isolate were randomized in 

six separate dark incubators set at 55°F (12.8°C), 60°F (15.6°C), 65°F (18.3°C), 70°F (21.1°C), 75°F 

(23.9°C), and 80°F (26.7°C). Colony diameters were measured in two opposing directions daily for 

five days using a ruler. The diameter was calculated by averaging the two measurements. Average daily 
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growth for the first four days was calculated by subtracting the first recorded diameter with the 

diameter of the isolate on the fourth day dividing by the number of days. Data was analyzed as a 

randomized complete block design with six replications. Incubators were considered blocks. Mycelial 

growth data were analyzed using PROC GLIMMIX in SAS (SAS Version 9.3M1; SAS Institute Inc., 

Cary, NC). Gaussian distribution was used. Replications were listed as random effects, and 

temperature and ingredient were considered a fixed effect.  Means were separated among R. solani 

isolates and incubation temperature using Tukey’s studentized range test (HSD) and compared at (α 

=0.05) using the Lines statement. Another trial with identical protocols and additional isolates 

including the previously ones used and one more from centipede (Rs-c2), zoysia (Rs-z3) and St. 

Augustine (Rs-a3) grasses taken from the same locations was done. Three isolates form zoysia grass, 

three from St. Augustinegrass, and two isolates from centipede grass were used in total. This study 

consists of two in media growth trials in the second trial additional isolates were added as the only 

difference, so each trial was analyzed separately. 

Aggressiveness of R. solani in response to temperature 

 Methods were adapted from Benelli et al., (2018). Hyphae of R. solani, stored in -80°C 

storage, taken from centipede grass, St. Augustinegrass, and zoysia grass was grown on a petri dish of 

full strength PDA placed on rye grain (250 cm3 rye grain, 10 g CaCO3, and 220 mL distilled H20, 

autoclaved at 121°C for 45 min at 206 kPa in 1-L Erlenmeyer flasks, according to the protocol 

developed by Treadway (2006) and incubated at room temperature for two weeks.    

Before inoculation, stolons of each grass species, centipede (TifBlair), St. Augustine (Raleigh), 

zoysia grass (El Toro), were cut from Lake Wheeler Turfgrass Research Lab fields and replanted into 
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15 cm plastic potting containers filled with potting medium (The Scotts Miracle-Gro® Miracle Gro 

Potting Mix, manufactured in Glen Allen Virginia). Each cutting consisted of two nodes and was 

approximately 5 cm long. Each pot contained four cuttings and eight nodes. Cuttings were irrigated 

daily and trimmed to a height of 5cm weekly. These cuttings were allowed established in these pots for 

four weeks. Once established, cuttings were transferred to three incubator incubators randomly set at 

21.1, 23.9, and 26.7°C with 12h day/night cycles, light intensity set to 30,000 LUX and 65% humidity 

for seven days to acclimate. After acclimation, four infested grains, infested with a single isolate of  

R.solani were placed at the base of each cutting node. The controls were uninoculated. 

 Treatments were arranged in a randomized block design with three replications and nine 

controls, one for each species inside each temperature. The control plants were not inoculated with R. 

solani. The potted cuttings were separated into nine groups divided by species and the temperature at 

which they were incubated. Due to space limitations, this study was performed three separate times. 

 After three weeks, cutting in each treatment were assessed for disease severity using the 

Horsfall-Barret scale once a week for five weeks. Values were converted to their midpoint values to use 

for calculating AUDPC for statistical analysis in SAS (Version 9.3). Since the assessment period was 

the same the Area Under the Disease Progress Curve (AUDPC) was directly calculated using the 

recorded incidence data and the formula ∑ (
Yi+Yi+1

2
) ∗ (ti − 1 + 1 −  ti )

𝑁𝑖−1

𝑖=1
 where Y is disease 

severity and t is time in days (Berger, 1988).   Data were analyzed using PROC GLIMMIX to estimate 

the experimental effects of disease severity. Means were separated with Tukey’s studentized range test 

(HSD) 
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RESULTS 

In Vitro Hyphal Growth Experiments 

The results of both experiments show that temperature and the isolation species significantly 

affect mycelial growth, but their interaction was not significant (Table 7.1, Table 7.2). The effect of 

individual isolates was also examined, and it was not significant, but the data was pooled within host 

species. The isolate’s host species also had no significant effect on the total AUDPC value. Therefore, 

the results will focus on the impact of temperature and species from this point. 

The results of the first mycelial growth experiment show that isolates collected from zoysia 

grass had the least mycelial growth among isolates collected from each grass species. There was no 

significant difference in mycelial growth between R. solani isolated from centipede and St. Augustine 

grasses (Figure 6.1). 

 Temperature effect analysis showed that isolates incubated at 75°F (23.9°C) and 80° F 

(26.7°C) had the greatest radial mycelial growth (figure 6.2).  Isolates incubated at temperatures below 

70°F (21.1°C) exhibited less radial mycelial growth than 23.9°C.  Isolates incubated at 55°F (12.8°C) 

showed the least mycelial growth. None of the temperatures examined completely suppressed mycelial 

growth. 

In Experiment 1`, when examining growth rates, isolates from centipede grass had the greatest 

average daily growth rate of 81% and an initial average growth of 5.1 mm. Zoysia grass isolates had the 

lowest daily growth rate of 59% and an initial average growth of 6.4 mm (Table 7.1). When examining 

the effect of temperature, 55°F (12.8°C) had the greatest growth rate of 113%. 80°F (26.7°C) had the 

lowest average daily growth rate of 57% (Figure 7.2). 
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Experiment 2 showed that isolates collected from centipede grass had the greatest amount of 

mycelial growth. There was no significant difference in the mycelial growth of R. solani isolates 

collected from zoysia and St. Augustine grasses (Figure 6.3). 

Temperature effect analysis showed that isolates incubated at (75°F) 23.9 and 80°F (26.7°C) 

had the greatest mycelial growth (figure 6.4). Isolates incubated at 55°F (12.8°C) showed the least 

mycelial growth. None of the temperatures demonstrated a complete suppression of mycelial growth. 

Examining mycelial growth in the Experiment 2, St. Augustine grass isolates had the greatest 

average daily growth rate of 62% and an initial average growth of 5.4mm. Centipede grass isolates had 

the lowest daily growth rate of 44% and the highest initial average growth of 11.2mm (Figure 8.1). 

When examining the effect of temperature, 70°F (21.1 °C) had the average daily greatest growth rate of 

78% and an initial average growth of 7.6mm. 55°F (12.8°C) had the lowest average daily growth rate of 

55% and an initial average growth of 2.7mm (Figure 8.2). 

Disease Severity Experiment 

Three independent experiments were run and the results of Experiments 1,2, and 3  were 

found to be significantly different (p = .03). Experiments 2 and 3 were not found to be significantly 

different (p = .61) so their results were pooled. The results of the Experiment 1 ANOVA test are 

displayed below (Table 8.1). 

Infested zoysia grass had lower AUDPC values than centipede grass or St. Augustinegrass, and 

there was no statistically significant difference in the AUDPC found in centipede grass or St. 

Augustine grass (Figure 9.1). Plants incubated at 26.7 °C had significantly reduced AUDPC compared 



   

46 

 

to plants incubated at 23.9 °C or 21.1°C. Plants incubated at 21.1°C demonstrated the lowest 

AUDPC value (Figure 9.2). 

When observing the crossed effects of temperature and host species (Figure 9.3), the highest 

average AUDPC values were found in centipede grass incubated at 21°C (Figure 9.3). All grass species 

incubated at 26.7°C and zoysia grass incubated at all temperatures demonstrated the lowest 

significance of AUDPC values.  

The results of Experiment 2-3 disease severity ANOVA (Table 8.2) show that host species 

influences disease severity. Infested zoysia grass had the lowest total AUDPC value (Figure 10.1). 

There was no significant difference between centipede and St. Augustine grass on disease severity. 

Discussion 

Much of the focus of large patch management has focused on chemical management in zoysia 

grass with sparse research dealing with centipede or St. Augustinegrasses. To our knowledge, no study 

compared turfgrass species large patch susceptibility, but multiple studies have examined within 

species susceptibility (Floe 2017, Obasa et al. 2012, Zuleta et al., 2016).  

There is a variance in large patch susceptibility or resistance depending on turfgrass species and 

variety, this is the most well studied in zoysia grass, in multiple studies ‘Meyer’ Zoysia grass exhibited 

moderate susceptibility to large patch (Obasa et al., 2012, Houting, 2023).  Obasa et al., (2012) 

reported a 42% canopy injury in infested zoysia grass under growth chamber conditions held at 28°C. 

Very little research has been published in relation to St. Augustine grass but a study did find that all 

tested genotypes were susceptible to R. solani AG 2-2 isolates and there was a difference in 
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susceptibility between genotypes od St. Augustine grass cultivars not bred for large patch resistance 

(Flor et al., 2017). Published research on large patch susceptibility in centipede grass is lacking but 

centipede grass has been reported to be one of the turfgrasses most susceptible to large patch diseases. 

(Kerns et al., 2019).  

This report on centipede grass supports our experiments which showed increased mycelial 

growth in isolates sampled from centipede grass and disease severity in infested centipede grass. St. 

Augustine grass has been reported to have similar susceptibility to large patch as zoysia grass (Kerns et 

al., 2019). Our studies, however, find that St. Augustine grass exhibited greater susceptibility to large 

patch than zoysia grass similar to the susceptibility of centipede grass. 

During my earlier field studies, it was observed that inoculated St. Augustine grass showed 

disease symptoms earlier than in zoysia grass many times disease symptoms predated the 26.7°C soil 

temperature recommendation leading to patches developing before any treatment occurred. R. solani 

hyphal growth precedes disease symptoms so the pathogen was actively growing and colonizing new 

plants before the recommended treatment timings, this is cause for concern since fungicide 

applications are most effective when the pathogen is actively growing and will not cure disease 

symptoms on turf grass (Damicone, 2017). St. Augustine may need even earlier application timing 

than those currently recommended to prevent or reduce infection and damage. 

Studies have recorded that the temperature for optimum hyphal growth for some R. solani 

groups (AG 1-1 ranges from 25°C to 30°C (Kumar et al. 2014). Another study found that the 
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optimum temperature for mycelial growth was between 20°C and 25°C (AG 2-1 and 3) (Ritchie et al. 

2009). These findings support our findings of optimum mycelial growth for R. solani (AG 2) ranging 

from 21°C to 27°C.   

The results of our mycelial growth study showed a higher mycelial growth rate was observed 

from centipede grass isolates. Despite the small number of isolates studied, this is interesting because 

centipede grass is known to be one of the grass species most susceptible to large patch disease (Butler 

and Kerns, 2019). Studies comparing this disease examining the effect of host species on disease 

severity are sparse. This phenomenon could be due to the increased mycelial growth of the strains of 

R. solani found in centipede grass populations compared to strains commonly found in St. Augustine 

grass or zoysia grass populations.  

During the media study none of the temperatures tested demonstrated a complete suppression 

of mycelial growth, but a steady decrease in growth was observed as temperatures decreased below 

24°C. This is what was expected to occur. Conversely, while the difference in mycelial growth between 

the two highest temperatures was not significantly different, this may have been influenced by the 

limiting size of the container the media was housed in, which had a radius of 85cm. None of the 

isolates produced sclerotia during the duration of the mycelial growth experiment and some mycelial 

melanization was observed.  

From the results of the first disease severity experiment, we can see that when disease pressure 

reaches a certain level, there is a similar trend in both centipede grass and St. Augustinegrass, with 

AUDPC decreasing as incubation temperature increases. This trend follows fungicide timing studies 
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that find highest disease suppression occurs when soil temperatures are 17.8 to 23.2°C (Obasa et al., 

2017). However, despite not being significantly different, the disease severity for zoysia grass increases 

as temperature increases. This is not what we expect to see because disease symptoms in field settings 

are usually first observed as soil temperatures decrease to 21°C and the plants growth slows so we 

expect to see higher disease severity as temperature lessons to 21°C. The overall reduced AUDPC 

values of zoysia grasses along with the increased mycelial growth of the fungus at higher temperatures 

might partially explain this observation. 

These finding when combined with field observations and studies may help explain why 

disease symptoms appear earlier in St. Augustine and centipede grass if isolates sampled from these 

hosts are more aggressive or if those grass species are more susceptible to large patch disease when 

compared to zoysia grasses when soil temperatures are 21-27°C. The decreased mycelial growth from 

R. solani isolated from zoysia grass may partially explain the decreased disease symptoms in infested 

zoysia grass we see in field and lab studies.  We saw previously in field studies suppressing large patch 

with fungicides applied over a considerable range of temperatures (26.7°C - 21.1°C) are effective at 

preventing or reducing disease symptoms.  

Further experiments using higher soil temperatures (29°C -32°C) should be pursued to help 

find optimal application recommendations that apply to each turfgrass species. Studies observing the 

effect of thatch and air temperature should also help understanding the best practices for fungicide 

applications. 

More research should also be done to investigate the effect of host species, the species a R. 

solani, soil temperature and their interactions have on disease severity. A cross-inoculation study that 
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examines whether isolates sampled from a different host species cause similar disease severity across 

host species. This study will allow us to determine if there is a particular grouping of R. solani isolates 

that are the most aggressive. In the first disease severity experiment there was found to be an 

interaction between the host species and temperature when examining disease severity. This is due to 

the R. solani and host plant having different optimum growth temperatures. Warm season grass 

species are more susceptible to infection by R. solani when plant growth is slow, and they are entering 

or leaving dormancy. This occurs when soil temperatures drop below 23°C. R. solani’s optimum 

mycelial growth occurs when soil temperatures are 25°C - 30°C. This creates a situation where both 

the funguses hyphal growth speed and the host grasses growth stage must be balanced for the most 

disease symptom development. This critical point occurs when substrate temperatures average 21°C. 

Understanding these elements will lead to greater efficacy in the chemical control of large patch. 
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Table 7.1: Type III test of fixed effects for the mycelial growth trials Experiment 1. 

y Tukey’s studentized range test (HSD). at P<0.05. 

 

  

Source of Variation Num DF Den Df F Value Pr >Fy 

Species  2 520 9.77 <.0001 

Temperature 5 520 38.81 <.0001 

Temperature*Species 10 520 1.58 0.1093 
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Table 7.2: Type III test of fixed effects for the mycelial growth trials Experiment 2. 

y Tukey’s studentized range test (HSD). at P<0.05. 

  

Source of Variation Num DF Den Df F Value Pr >Fy 

Species  2 844 26.32 <.0001 

Temperature 5 844 64.37 <.0001 

Temperature*Species 10 844 0.96 0.4745 
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Figure 6.1: Mycelial growth of R. solani isolates influenced by turfgrass species of isolation, trial 1. 

Bars represent mycelial growth (mm) measured and averaged from two directions over five days. 

Values followed by the same upper-case letter are not significantly different according to Tukey’s 

studentized range test (HSD) at P<0.05.  Error bars represent the standard error. 
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Figure 6.2: Mycelial growth of R. solani isolates influenced by incubation temperature, trial 1. Bars 

represent mycelial growth in millimeters, measured and averaged from two directions over five days. 

Values followed by the same upper-case letter are not significantly different according to Tukey’s 

studentized range test (HSD) test at P<0.05.   
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Figure 6.3: Mycelial growth of R. solani isolates influenced by turfgrass species of isolation, trial 2. 

Bars represent mycelial growth (mm) measured and averaged from two directions over five days. 

Values followed by the same upper-case letter are not significantly different according to Tukey’s 

studentized range test (HSD) at P<0.05.  Error bars represent the standard error. 
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Figure 6.4: Mycelial growth of R. solani isolates influenced by incubation temperature, trial 2. Bars 

represent mycelial growth in millimeters, measured and averaged from two directions over five days. 

Values followed by the same upper-case letter are not significantly different according to Tukey’s 

studentized range test (HSD) at P<0.05.   
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Figure 7.1: Mycelial growth of R. solani isolates influenced by turfgrass species of isolation, trial 1. 
Lines represent mycelial growth in millimeters, measured and averaged from two directions each day 
for five days. Bars represent standard error. 
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Figure 7.2: Daily mycelial growth of R. solani isolates influenced by incubation temperature, trial 1. 
Lines represent mycelial growth in millimeters, measured and averaged from two directions each day 
for five days. Bars represent standard error. 
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Figure 8.1: Daily mycelial growth of R. solani isolates influenced by turfgrass species of isolation, trial 
2. Lines represent mycelial growth in millimeters, measured and averaged from two directions each day 
for five days. Bars represent standard error. 
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Figure 8.2: Mycelial growth of R. solani isolates influenced by incubation temperature, trial 2. Lines 
represent mycelial growth in millimeters, measured and averaged from two directions each day for five 
days. Bars represent standard error. 
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Table 8.1: Type III test of fixed effects for the disease severity study, Experiment 1. 

y Tukey’s studentized range test (HSD) at P<0.05. 

  

Source of Variation Num DF Den Df F Value Pr >Fy 

Species  2 276 35.74 <.0001 

Temperature 2 276 38.19 <.0001 

Temperature*Species 4 276 12.64 <.0001 
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Figure 9.1: Influence of incubation species on total AUDPC of turfgrass inoculated with R. solani. 

Bars represent Total AUDPC measured once a week for 5 weeks. AUDPC values followed by the 

same upper-case letter are not significantly different according to Tukey’s studentized range test 

(HSD) at P<0.05.  Error bars represent the standard error. 
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Figure 9.2: Influence of incubation temperatures on total AUDPC of turfgrass inoculated with R. 

solani. Bars represent Total AUDPC measured once a week for 5 weeks. AUDPC values followed by 

the same upper-case letter are not significantly different according to Tukey’s studentized range test 

(HSD) at P<0.05.  Error bars represent the standard error. 

 

 

 

 

 

 

A

B

C

0

200

400

600

800

1000

1200

21.1 23.9 26.7

To
ta

l A
u

d
p

c

Temperature °C



   

64 

 

 

Figure 9.3: Influence of different turfgrass species inoculated with R. solani isolated at multiple 

incubation temperatures on Total AUDPC. Bars represent Total AUDPC measured once a week for 5 

weeks. AUDPC values followed by the same upper-case letter are not significantly different according 

to Tukey’s studentized range test (HSD) at P<0.05.  Error bars represent the standard error. 
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Table 8.2: Type III test of fixed effects for the pooled disease severity Experiments 2-3. 

y Tukey’s studentized range test (HSD) at P<0.05. 

 

  

Source of variation Num DF Den Df F Value Pr >Fy 

Species  2 564 3.68 .026 

Temperature 2 564 .36 .70 

Temperature*Species 4 564 .60 0.66 
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Figure 10.1: Influence of incubation species on total AUDPC of turfgrass inoculated with R. solani. 

Bars represent Total AUDPC measured once a week for 5 weeks. AUDPC values followed by the 

same upper-case letter are not significantly different according to Tukey’s studentized range test 

(HSD) at P<0.05.  Error bars represent the standard error. 
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