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Abstract
Spring dead spot (SDS) (Ophiosphaerella spp.) is the most detrimental disease to

warm-season turfgrasses in areas with cold-induced dormancy. Fungicide applica-

tions do not provide consistent SDS suppression. One reason for this inconsistency

is the use of solely calendar-based fungicide applications instead of considering both

calendar date and soil temperature. A field study was conducted at three separate

hybrid bermudagrass (Cynodon dactylon (L.) Pers. × transvaalensis Burtt Davy)

locations in Virginia to determine the optimal soil temperature and timing for SDS

suppression with tebuconazole and isofetamid. Tebuconazole (1.5 kg a.i. ha−1) and

isofetamid (4.1 kg a.i. ha−1) were applied at 11 different timings throughout the year

based on soil temperatures at a 0- to 10-cm depth. Plots were assessed for SDS sever-

ity in the spring and early summer of 2021 and 2022. Two in vitro studies were also

conducted with Ophiosphaerella herpotricha and Ophiosphaerella korrae isolates

to (1) determine the optimal temperature for growth on potato dextrose agar (PDA)

placed on a thermogradient table (13–33˚C) and (2) compare the daily growth rate

of O. herpotricha and O. korrae isolates at 11, 19, and 27.5˚C on PDA. In the field

study, isofetamid suppressed SDS more than tebuconazole. Fall applications when

soil temperatures were 13˚C consistently provided the best SDS suppression. For the

in vitro studies, both species grew optimally between 24 and 25˚C, yet O. korrae and

O. herpotricha growth rates differed at 11˚C.

Plain Language Summary
Spring dead spot is a damaging disease of bermudagrass. Fungicides are an effective

tool for management of the disease, but optimal application timing can be challeng-

ing. This research provides information on proper fungicide application timing for

spring dead spot suppression in bermudagrass. Our findings show that applications

made in the fall when soil temperatures are near 13˚C provide the greatest disease

control.

Abbreviations: ANOVA, analysis of variance; AUDPC, area under the disease progress curve; PDA, potato dextrose agar; SDS, spring dead spot.
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1 INTRODUCTION

Spring dead spot (SDS) (Ophiosphaerella spp.) is a chal-

lenging turfgrass disease to manage. The disease occurs on

warm-season turfgrasses, particularly bermudagrass (Cyn-
odon spp.), in regions where freezing temperatures incite

winter dormancy (Tredway et al., 2009). Symptoms appear as

isolated patches that are sunken, circular, straw-colored, and

necrotic, ranging from 0.2 to 1 m in diameter at spring greenup

(Lucas, 1980; Wadsworth & Young, 1960). The patches are

aesthetically displeasing, and the sunken nature of the patches

reduces playability and safety on athletic fields, golf courses,

and home lawns. Effective management of SDS is inconsistent

and challenging (Tredway et al., 2009).

Cultural management practices targeting SDS have been

widely studied, yet the research has yielded mixed results.

Fall potassium applications reduced SDS in some studies and

increased the disease in others (Cottrill et al., 2016; Dernoe-

den et al., 1991; McCarty et al., 1992). The effects of nitrogen

source have been variable on SDS with ammonium sulfate or

calcium nitrate reducing SDS in some studies while having no

effect in others (Cottrill et al., 2016; Dernoeden et al., 1991;

Tredway et al., 2020). Aggressive cultivation practices such as

vertical mowing+ core aeration or fraise mowing are effective

at removing thatch and preventing SDS, but aggressive culti-

vation during the spring and early summer does not increase

bermudagrass recovery from SDS damage (Hutchens, Booth,

Goatley, et al., 2022; Miller et al., 2017; Tisserat & Fry, 1997).

Similar to cultural management practices, research efforts

focused on chemical suppression of SDS have yielded erratic

results. The effectiveness of fungicide applications for SDS

is based primarily on the efficacy of the fungicide and the

general timing of the fungicide application.

Numerous fungicides across a variety of fungicide groups

have been tested in vitro and in situ against Ophiosphaerella
spp. The demethylation inhibitors, particularly tebuconazole,

have been used for SDS management (Beck, 2012; Butler &

Tredway, 2006; Tredway et al., 2009; Walker, 2006, 2009).

Tebuconazole is efficacious in vitro against Ophiosphaerella
spp. with an EC50 value ≤0.36 mg kg−1 across eight different

Ophiosphaerella herpotricha and Ophiosphaerella korrae
isolates (Hutchens, Nagaoka, et al., 2019). However, in field

studies, tebuconazole provided inconsistent suppression of

SDS (Earlywine & Miller, 2012; Hutchens et al., 2020; Tred-

way et al., 2007, 2020). Tredway et al. (2007) found excellent

suppression of SDS with tebuconazole, while Booth et al.

(2021) and Earlywine and Miller (2012) found no reduction

in SDS severity with tebuconazole. The Ophiosphaerella
species could be a contributor to the differential efficacy of

tebuconazole against SDS. Ophiosphaerella herpotricha was

more sensitive to tebuconazole than O. korrae in a Tredway

et al. (2020) study. However, Hutchens, Nagaoka et al. (2019)

determined similar EC50 values to tebuconazole between

Core Ideas
∙ Fungicide applications for spring dead spot should

be made based on both soil temperature and time

of year.

∙ The most effective fungicide application timing

varies between the Ophiosphaerella species that

cause spring dead spot.

∙ Isofetamid suppresses spring dead spot more than

tebuconazole.

the two species, so it is not clear how much of an influence

Ophiosphaerella species has on the variable efficacy of

tebuconazole.

The recently developed fungicide, isofetamid, has con-

sistently provided excellent suppression of SDS. Isofetamid

applied twice in the fall at a rate of 2.04 kg a.i. ha−1 reduced

SDS area under the disease progress curve (AUDPC) >99%

(Stephens et al., 2020). A Galle et al. (2019) study deter-

mined isofetamid rates as low as 0.64 kg a.i. ha−1 applied

twice in the late summer/fall reduced SDS patch area >84%

compared to a nontreated control. Isofetamid also suppressed

SDS to an acceptable level at both O. korrae and mixed O.
herpotricha and O. korrae populations suggesting that the

fungicide is effective, regardless of Ophiosphaerella species

(Hutchens et al., 2020). The EC50 values for isofetamid on

O. herpotricha and O. korrae isolates were ≤0.21 mg L−1

providing further support for the exceptional efficacy of the

fungicide (Hutchens, Nagaoka, et al., 2019). Although isofe-

tamid produces similar EC50 values to tebuconazole in vitro,

differential efficacy levels in the field may be attributed to the

fact that isofetamid has a lower Koc value than tebuconazole,

meaning it is more mobile and able to distribute deeper in the

rootzone than tebuconazole (Latin, 2021).

Accurate fungicide application timing is crucial for

SDS management. Fungicides are most effective when the

pathogen is active because mycelia are more likely to absorb

the fungicide through the hyphal tips (Latin, 2021). The opti-

mal in vitro growth on potato dextrose agar (PDA) of O.
herpotricha and O. korrae is reported to be 20–25˚C, yet the

optimal temperature for colonization and infection to cause

the most severe symptoms is 15–17˚C (Caasi et al., 2010; Cra-

hay et al., 1988; Flores et al., 2015; Perry et al., 2010; Tisserat

et al., 1989; Walker et al., 2006). No studies have been con-

ducted showing the growth rate of O. herpotricha and O. kor-
rae at a range of temperatures, which could influence how the

pathogens infect the plant and how fungicides are absorbed by

the pathogens (Latin, 2021; Magarey et al., 2005).

Whether SDS should be treated with fungicide during opti-

mal temperature for Ophiosphaerella spp. growth or during
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optimal temperature for hybrid bermudagrass infection and

damage is not clear. Studies have shown that fall fungi-

cide applications are generally the most effective for SDS

control, and spring applications are ineffective (Butler &

Tredway, 2006; Lucas, 1980; Walker, 2006, 2009). Lucas

(1980) showed that benomyl applications in October, Novem-

ber, and December provided complete suppression of SDS,

while applications during the spring, summer, and winter

were ineffective at suppressing SDS. Walker (2006, 2009)

showed that fall fungicide applications, as well as spring +
fall applications, were most efficacious against SDS. Butler

and Tredway (2006) determined that fall fenarimol applica-

tions were effective against SDS. The aforementioned studies

focused on calendar-based fungicide applications with only

the Walker (2006) study reporting soil temperatures at appli-

cation. Our goals were to determine both optimal time of year

and soil temperature for SDS fungicide applications, further

elucidate optimal temperature for O. herpotricha and O. kor-
rae in vitro growth, and determine the rate of growth of O.
herpotricha and O. korrae at a range of temperatures in vitro.

2 MATERIALS AND METHODS

2.1 In vitro optimal temperature for
growth study

A study was conducted and repeated once to determine the

optimal temperature for growth in vitro of four O. her-
potricha isolates and four O. korrae isolates. Isolates were

identified using either polymerase chain reaction with the

Ophiosphaerella herpotricha internal transcribed spacer and

Ophiosphaerella korrae internal transcribed spacer primers

(Tisserat et al., 1994) and/or Sanger sequencing. Plugs (6-

mm diameter) from each isolate were placed onto PDA (Difco

Laboratories Inc.) at a concentration of 39 g L−1 in Petri

dishes. Plates were sealed with parafilm, inverted, and placed

onto a thermogradient table (Thermogradient Systems LLC)

in the dark with surface temperatures ranging from 13 to 33˚C

(Welbaum et al., 2016). There were 15 columns across the

thermogradient table, and each isolate was placed randomly

within each column to capture a range of temperatures across

the thermogradient table. Plate temperatures were measured

with a Craftsman 50455 near-infrared thermometer (Stanley

Black & Decker). Within-column plate temperature variabil-

ity was minimal (±1.2˚C). The isolates were allowed to grow

for 14 days then mycelial diameters were measured (mm) in

two directions and averaged. Runs were pooled and mycelial

diameters of the four isolates of each species were pooled,

plotted, and a Gaussian peak model {peak value × exp [−(0.5

× {(temperature [˚C] − critical point}/growth rate)2)]} was fit

using nonlinear regression in JMP Pro 15 (Statistical Analy-

sis Software) to determine the optimal temperature for growth

of O. herpotricha and O. korrae, similar to the analysis

Lalancette et al. (2003) performed to determine the optimal

temperature for Phomopsis amygdali (Del.) Tuset & Portilla

sporulation on peach.

2.2 In vitro rate of growth study

The aforementioned in vitro study was conducted to deter-

mine the optimal temperature for growth using nonlinear

regression, but an additional in vitro study was conducted to

determine the daily rate of growth of the two species at three

distinct temperatures. The study was conducted with a single

O. herpotricha and O. korrae isolate to determine the rate of

growth of the two species at 11, 19, and 27.5˚C. Plugs (7-mm

diameter) of each isolate were plated onto PDA contained in

Petri dishes. The plates were sealed with parafilm, inverted,

and incubated in the dark at either 11, 19, or 27.5˚C. Mycelial

diameters were measured in two directions and averaged 0, 5,

10, 15, and 20 days after plating.

Data were sorted by isolate and temperature and plotted in

JMP Pro 15 with day as the independent variable (x-axis) and

mycelial growth as the dependent variable (y-axis). A line was

then fit using linear regression for each replication, and a slope

was determined for each replication to calculate the rate of

growth in mm day−1. There were four replications, and the

study was repeated once. The slopes from the linear regres-

sion were subjected to analysis of variance (ANOVA), the two

runs were pooled together (p = 0.3259), and the means of the

slopes for each isolate × temperature were compared using a

Student’s t-test (p ≤ 0.05) in JMP Pro 15.

2.3 Field fungicide application timing study

A field trial to determine the optimal application timing of

tebuconazole (1.5 kg a.i. ha−1) (Torque; Nufarm) and isofe-

tamid (4.1 kg a.i. ha−1) (Kabuto; PBI Gordon) was conducted

from the spring of 2020 to the summer of 2021 and repeated

from the spring of 2021 to the summer of 2022 at three hybrid

bermudagrass (Cynodon dactylon (L.) Pers. × transvaalensis
Burtt Davy) locations in Virginia. The trial was conducted on

a “Tifway” golf course fairway mowed at a height of 16 mm in

Chesterfield, VA, a “Northbridge” golf course fairway mowed

at a height of 25 mm in Blacksburg, VA, and a “Patriot”

research area maintained like a golf course fairway or ath-

letic field mowed at a height of 15 mm at the Virginia Tech

Turfgrass Research Center, Blacksburg, VA. Only O. korrae
was isolated from the Chesterfield location, according to a

Hutchens et al.’s (2021) study. Samples were not taken from

the Blacksburg location, but data from the Hutchens et al.

(2021) paper suggest that O. herpotricha is the likely causal

agent at that location due to geographic proximity to nearby
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sampling sites. Lastly, at the Virginia Tech Turfgrass Research

Center location, 70% of the samples had O. herpotricha and

20% of the samples had O. korrae, according to the Hutchens

et al.’s (2021) study. Moreover, the Virginia Tech Turfgrass

Research Center location was also inoculated with both O.
herpotricha and O. korrae isolates, so the authors assume that

this location had a mixed Ophiosphaerella population for the

duration of the trial.

Tebuconazole and isofetamid were applied at various tim-

ings based on season and 5-day average soil temperatures at a

0-to 10-cm depth throughout the year (Tables 1 and 2). Cer-

tain soil temperatures were targeted for applications within

each season: 15.6˚C in the early spring, 18.3˚C in the spring,

21.1˚C in the spring, 23.9˚C in the spring, 26.7˚C in the

summer, 23.9˚C in the fall, 21.1˚C in the fall, 18.3˚C in

the fall, 12.8˚C in the late fall, 7.2˚C in the late fall, 4.4˚C

in the early winter, and 4.4˚C in the late winter. Once soil

temperatures reached the desired threshold during the appro-

priate season, fungicide applications were made. Five-day

average soil temperatures were monitored using the Syngenta

GreenCast online application (https://www.greencastonline.

com/tools/soil-temperature, Syngenta). Certain timing treat-

ments (e.g., summer 26.7˚C treatment) were not applied at

the Blacksburg and Virginia Tech Turfgrass Research Cen-

ter locations because 5-day average soil temperatures never

reached the required temperatures for those treatments. Fungi-

cide treatments were applied with a CO2-pressurized sprayer

at 276 kPa of pressure and a carrier volume of 814 L ha−1.

At the Chesterfield location, the two wintertime treatments in

the first study year and the late winter treatment in the second

study year were not irrigated in post-application because the

irrigation systems were already winterized. The same was true

for the Virginia Tech Turfgrass Research Center—all treat-

ments were irrigated in post-application except for the two

wintertime treatments. The Blacksburg location was a non-

irrigated site; however, some applications were made prior to

rainfall.

The study was arranged as a randomized complete block

design with three replications at the Chesterfield location and

four replications at the Blacksburg and Virginia Tech Turf-

grass Research Center locations. Plots were assessed visually

for percentage SDS three times from initial greenup in the

beginning of the spring of 2021 to the summer of 2021 in the

first year and from the spring of 2022 to the summer of 2022

in the second year. Space limitations required that the sec-

ond year of the study be conducted on the same plots, so the

spring treatment plots were treated for the second year during

the assessment period for the first year, which may have had

a mild effect on the hybrid bermudagrass recovery from the

disease. Data were analyzed separately by year and location.

AUDPCs were determined for percentage SDS data, subjected

to ANOVA, and means were separated using a Student’s t-test

(p ≤ 0.05) in JMP Pro 15.

F I G U R E 1 Optimal temperature for growth of four

Ophiosphaerella herpotricha isolates (top) (24.9˚C; r2 = 0.93) and four

O. korrae isolates (bottom) (24.6˚C; r2 = 0.89). A Gaussian peak model

was fit to the data and optimal temperatures for growth were

determined based on the critical point (peak) of the model.

3 RESULTS

3.1 In vitro optimal temperature for
growth study

The optimal temperature for growth of the four O. herpotricha
isolates fit into the same nonlinear regression Gaussian peak

model was 24.8˚C (r2 = 0.93) (Figure 1). The optimal tem-

perature for growth of the four O. korrae isolates fit into the

same nonlinear regression Gaussian peak model was 24.4˚C

(r2 = 0.89). The model also determined peak mycelial growth
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HUTCHENS ET AL. 7 of 13Crop Science

T A B L E 3 Analysis of variance for the main effects and interactions for the influence of temperature on growth rate of a Ophiosphaerella
herpotricha and O. korrae isolate in vitro.

Source df Sum of squares Mean square F-value p-value
Run 1 0.000088 0.000088 0.0019 0.9651

Temperature 2 20.127954 10.063977 222.5851 <0.0001

Species 1 0.469063 0.469063 10.3743 0.0027

Run × temperature 2 0.038404 0.019202 0.4247 0.6572

Run × species 1 0.021042 0.021042 0.4654 0.4995

Temperature × species 2 1.906154 0.953077 21.0792 <0.0001

Temperature × species × run 2 0.104600 0.0523 1.1567 0.3259

Error 36 1.627706 0.04521

Total 47 24.295012

of O. herpotricha and O. korrae to be 64.6 and 68.8 mm,

respectively.

3.2 In vitro rate of growth study

Linear regression was effective at modeling isolate growth

rate over time (r2 ≥ 0.87). The main effect of temperature

was the most significant effect for the in vitro rate of growth

study (p < 0.0001; F = 222.5851) (Table 3). The O. her-
potricha and O. korrae isolates pooled together had a greater

growth rate at 19˚C than 11 or 27.5˚C (data not presented).

The main effect of species was also significant (p = 0.0027;

F = 10.3743) with O. korrae having an 8% greater growth

rate than O. herpotricha when all temperatures were pooled

together within species and species were compared (data not

shown). The interaction effect of species × temperature was

also significant (p < 0.0001; F = 21.0792). The means com-

parisons between the species × temperature combinations are

presented in Figure 2. Both the O. herpotricha and O. kor-
rae isolates had the greatest growth rate (>3.1 mm day−1)

at 19˚C (Figure 2). Both species had a >27% greater growth

rate at 19˚C than the two species at 11 or 27.5˚C. The O. kor-
rae isolate at 11˚C grew with a 32% higher growth rate than

the O. herpotricha isolate at 11˚C; moreover, O. herpotricha
grew with a 14% higher growth rate at 27.5˚C than at 11˚C.

Ophiosphaerella korrae at 27.5˚C had a similar growth rate

to O. herpotricha at 11˚C.

3.3 Field fungicide application timing study

At the Chesterfield, VA, location (O. korrae) in 2021, only the

fall (21.1˚C), fall (18.3˚C), and late fall (12.8˚C) isofetamid

treatments reduced percentage SDS AUDPC (>92%) com-

pared to the nontreated control (Figure 3). No tebuconazole

treatments provided SDS suppression at the Chesterfield, VA,

location. However, the summer (26.7˚C), early fall (23.9˚C),

fall (21.1˚C), fall (18.3˚C), late fall (12.8˚C), and late win-

ter (4.4˚C) isofetamid treatments and the spring (18.3˚C), fall

(18.3˚C), and late fall (12.8˚C) tebuconazole treatments all

provided similar percentage SDS AUDPCs. The fall (21.1˚C)

isofetamid treatment provided greater SDS suppression than

any of the spring isofetamid treatments.

In 2022 at the Chesterfield, VA, location, there were sim-

ilar results to the 2021 data with only the fall (21.1˚C), fall

(18.3˚C), and late fall (12.8˚C) isofetamid treatments reducing

percentage SDS AUDPC (>79%) compared to the nontreated

control (Figure 4). However, all isofetamid treatments except

the early summer (23.9˚C) and spring (18.3˚C) treatments

provided similar percentage SDS AUDPC to the fall (21.1˚C),

fall (18.3˚C), and late fall (12.8˚C) isofetamid treatments.

The spring (18.3˚C), late spring (21.1˚C), fall (18.3˚C), fall

(21.1˚C), and late fall (12.8˚C) tebuconazole treatments also

provided similar percentage SDS AUDPC to the fall (21.1˚C),

fall (18.3˚C), and late fall (12.8˚C) isofetamid treatments.

At the Blacksburg, VA, location (likely O. herpotricha)

in 2021, the early fall (23.9˚C), fall (21.1˚C), fall (18.3˚C),

late fall (12.8˚C), late fall (7.2˚C), early winter (4.4˚C), and

late winter (4.4˚C) isofetamid applications all suppressed SDS

by >55% compared to the nontreated control (Figure 5).

The early fall (23.9˚C), fall (18.3˚C), late fall (12.8˚C),

and late winter (4.4˚C) tebuconazole treatments suppressed

SDS as well. Similar to isofetamid, these four tebuconazole

treatments also reduced percentage SDS AUDPC by >55%

compared to the nontreated control. The fall (21.1˚C), fall

(18.3˚C), late fall (12.8˚C), late fall (7.2˚C), and early win-

ter (4.4˚C) isofetamid treatments reduced percentage SDS

AUDPC by >76% compared to the early spring (15.6˚C)

and late spring (21.1˚C) isofetamid applications. Additionally,

the early fall (23.9˚C), fall (18.3˚C), late fall (12.8˚C), and

late winter (4.4˚C) tebuconazole treatments reduced percent-

age SDS AUDPC by >57% compared to the spring (18.3˚C)

tebuconazole application.

At the Blacksburg, VA, location in 2022, only the late

fall (12.8˚C) and late fall (7.2˚C) isofetamid treatments
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8 of 13 HUTCHENS ET AL.Crop Science

F I G U R E 2 The influence of temperature on growth rate (mm day−1) of an Ophiosphaerella herpotricha and O. korrae isolate. Data were

subjected to analysis of variance and means were separated with a Student’s t-test (p ≤ 0.05). Columns with similar letters are not significantly

different.

reduced SDS compared to the nontreated control (Figure 6).

Moreover, all fall applications of isofetamid provided lower

SDS AUDPC than the early spring (15.6˚C) application

of tebuconazole. No spring application of either isofetamid

or tebuconazole reduced SDS AUDPC compared to the

nontreated control.

At the Virginia Tech Turfgrass Research Center location

(mixed Ophiosphaerella species), there were no differences in

2022. However, in 2021 there were statistical differences, but

no fungicide application timing treatment was different than

the nontreated control (Figure 7). However, the fall (21.1˚C),

fall (18.3˚C), late fall (12.8˚C), late fall (7.2˚C), and early

winter (4.4˚C) isofetamid applications had >84% lower per-

centage SDS AUDPC compared to the early summer (23.9˚C)

isofetamid treatment. Additionally, the fall (21.1˚C) tebucona-

zole treatment reduced percentage SDS AUDPC by >71%

compared to the early summer (23.9˚C) and late fall (7.2˚C)

tebuconazole treatments. The tebuconazole and isofetamid

treatments resulted in similar percentage SDS AUDPCs when

compared to each other at each application timing with the

exception of the late fall (7.2˚C) application timing, in which

the isofetamid treatment reduced percentage SDS AUDPC by

86% compared to the tebuconazole treatment at that applica-

tion timing. There were no significant treatment differences

in 2022 at the α level of 0.05 (p = 0.0996); however, at the α
level of 0.1, the isofetamid fall (21.1˚C) and late fall (12.8˚C)

treatments reduced SDS AUDPC by >84% compared to the

nontreated control (data not shown).

4 DISCUSSION

Our nonlinear regression models demonstrated that O. her-
potricha and O. korrae achieved peak growth at 24.9˚C and

24.6˚C, respectively, in vitro, which is similar to previous

reports (Crahay et al., 1988; Perry et al., 2010; Tisserat et al.,

1989). Our study was different from previous studies in that

each plate had a unique temperature producing continuous

data that allowed for a finer resolution determination of opti-

mal temperature for growth of O. herpotricha and O. korrae.

Moreover, we found that the growth rates for the single O. her-
potricha and O. korrae isolates we tested were similar at 19˚C

and 27.5˚C, yet the O. korrae isolate had a greater growth

rate at 11˚C than the O. herpotricha isolate. This has not been

reported before, but it may be an artifact of using only one iso-

late. This result is not entirely surprising because the cause of

necrotic ring spot on Kentucky bluegrass (Poa pratensis L.) is

O. korrae, and necrotic ring spot has been reported as far north

as British Columbia, Canada, showing that the adaptive range

of O. korrae expands well into cold, northern climates while

O. herpotricha has not been reported as far north as Canada

(MacDonald, 1990; MacDonald et al., 1991; Raffle & Hsiang,

1998). The ability of O. korrae to grow at a higher rate than

O. herpotricha at cooler temperatures in vitro also offers a

potential reason for why O. korrae is less affected by many

fungicides than O. herpotricha in the field (Hutchens et al.,

2020; Tredway et al., 2020). Ophiosphaerella korrae may be

able to recover from fall fungicide suppression and colonize
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HUTCHENS ET AL. 9 of 13Crop Science

F I G U R E 3 The influence of application timing of isofetamid (4.1 kg a.i. ha−1) and tebuconazole (1.5 kg a.i. ha−1) on percentage spring dead

spot area under the disease progress curve (AUDPC) at the Chesterfield, VA (Ophiosphaerella korrae), location in 2021. Treatments with similar

letters are not significantly different according to a Student’s t-test (p = 0.05).

F I G U R E 4 The influence of application timing of isofetamid (4.1 kg a.i. ha−1) and tebuconazole (1.5 kg a.i. ha−1) on percentage spring dead

spot area under the disease progress curve (AUDPC) at the Chesterfield, VA (Ophiosphaerella korrae), location in 2022. Treatments with similar

letters are not significantly different according to a Student’s t-test (p = 0.05).

and infect the turfgrass more rapidly than O. herpotricha dur-

ing the cool late fall and winter months. However, isolation

of both O. herpotricha and O. korrae from bermudagrass

roots has been reported to be prevalent during late fall for

both species (Perry et al., 2010; Walker et al., 2006). Late fall

isolation suggests that colonization of bermudagrass by both

species during cool fall and winter months is likely, but no

study has been conducted directly comparing bermudagrass
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F I G U R E 5 The influence of application timing of isofetamid (4.1 kg a.i. ha−1) and tebuconazole (1.5 kg a.i. ha−1) on percentage spring dead

spot area under the disease progress curve (AUDPC) at the Blacksburg, VA (Ophiosphaerella herpotricha), location in 2021. Treatments with

similar letters are not significantly different according to a Student’s t-test (p = 0.05).

F I G U R E 6 The influence of application timing of isofetamid (4.1 kg a.i. ha−1) and tebuconazole (1.5 kg a.i. ha−1) on percentage spring dead

spot area under the disease progress curve (AUDPC) at the Blacksburg, VA (Ophiosphaerella herpotricha), location in 2022. Treatments with

similar letters are not significantly different according to a Student’s t-test (p = 0.05).

colonization by the two species during various times of year

and soil temperatures (Perry et al., 2010; Walker et al., 2006).

Our field fungicide application timing study demonstrated

that isofetamid suppressed SDS more than tebuconazole in

both years at the Chesterfield, VA (O. korrae), location

and the Blacksburg, VA (likely O. herpotricha), location

(Figures 3, 4, 6, and 7). These results are similar to previ-

ous results when tebuconazole and isofetamid efficacy against
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F I G U R E 7 The influence of application timing of isofetamid (4.1 kg a.i. ha−1) and tebuconazole (1.5 kg a.i. ha−1) on percentage spring dead

spot area under the disease progress curve (AUDPC) at the Virginia Tech Turfgrass Research Center (mixture of Ophiosphaerella herpotricha and O.
korrae) location in 2021. Treatments with similar letters are not significantly different according to a Student’s t-test (p = 0.05).

SDS were compared in the same field study (Hutchens et al.,

2020). Tebuconazole is not consistently efficacious against

SDS, regardless of application timing, while isofetamid has

been proven highly efficacious in multiple studies (Earlywine

& Miller, 2012; Galle et al., 2019; Hutchens et al., 2020;

Stephens et al., 2020; Tredway et al., 2007, 2020). One rea-

son for the inconsistent efficacy of tebuconazole could be due

to its high affinity to bind to organic carbon (Koc = 1000),

making the fungicide less likely to reach the pathogen in the

underground portions of the plant than isofetamid (Koc = 281–

615) (Hutchens, Booth, Doherty, et al., 2022; Hutchens,

Gannon, et al., 2019; Latin, 2021).

The range of soil temperatures in which isofetamid pro-

vided suppression of SDS at the Chesterfield, VA (O. korrae),

location was smaller than for the Blacksburg, VA (likely O.
herpotricha), location in the first year of the study, but the

opposite was true for the second year of the study with only

the two late fall application timings suppressing SDS at the

O. herpotricha location and three application timings (fall

21.1˚C, fall 18.3˚C, and late fall 12.8˚C) suppressing SDS at

the Chesterfield, VA (O. korrae), location. Fall applications,

particularly of isofetamid, were generally more effective at

suppressing SDS than applications made at any other time in

both years of the study. The efficacy of fall timing is consistent

with previous literature. In previous studies, fall applications

of benomyl and propiconazole were effective at suppressing

SDS, yet spring applications, alone, did not suppress SDS

compared to a nontreated control (Lucas, 1980; Walker, 2006,

2009). At the Chesterfield, VA (O. korrae), location, only the

fall (21.1˚C), fall (18.3˚C), and late fall (12.8˚C) treatments of

isofetamid suppressed SDS compared to the nontreated con-

trol. Moreover, the only tebuconazole treatments to suppress

SDS at any location or in either year were the fall (18.3˚C),

late fall (12.8˚C), and the late winter (4.4˚C) application tim-

ings at the Blacksburg, VA (likely O. herpotricha), location in

the first year of the study—the late winter (4.4˚C) application

was the only tebuconazole application timing not in the fall

that was effective against SDS.

Lucas (1980) and Walker (2009) demonstrated that spring

fungicide applications, alone, did not suppress SDS. Our

study also showed that spring applications of isofetamid or

tebuconazole were not effective, suggesting that soil tem-

perature, alone, is not sufficient for optimizing efficacy of

fungicide applications for SDS. Applying at the proper soil

temperature and time of year are both necessary. Previous

research has shown how fungicide application based on calen-

dar date affects fungicide efficacy against SDS, but our study

was the first to show how both season and soil temperature

during application influence fungicide efficacy against SDS

(Lucas, 1980; Walker, 2006, 2009). Our recommendation for

turfgrass professionals managing SDS is to apply a highly

efficacious fungicide such as isofetamid one to two times dur-

ing the fall months when 0- to 10-cm soil temperatures are at

5-day averages of 13–18˚C.
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