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Abstract
St. Augustinegrass [Stenotaphrum secundatum (Walter) Kuntze] is a popular warm-

season turfgrass in the southern United States. Gray leaf spot (GLS), caused by

the fungal pathogen Pyricularia oryzae Cavara, is one of the major diseases in

St. Augustinegrass. Although previous studies have reported polyploid lines with

resistance to GLS, no comprehensive evaluations of sources of resistance have been

performed in the genus. Such evaluations will enable breeders to identify resistant

parents for cultivar development. In this study, 58 genotypes of St. Augustinegrass

and two genotypes of pembagrass [Stenotaphrum dimidiatum (L.) Brongn.] were

screened for resistance to three different P. oryzae sources of inoculum under con-

trolled environmental conditions. The parameters evaluated were incubation period,

number of leaves with lesions, mean lesion length, area under the disease progress

curve (AUDPC), and area under the lesion expansion curve (AULEC). Significant

differences among genotypes were identified. Polyploid genotypes PI 365031, PI

290888, PI 300129, PI 300130, and cultivar ‘FX-10’ and diploid genotype PI 410353

consistently showed high levels of resistance across trials, inoculum sources, and

parameters. The identification of resistance genes in diploid genotypes is of great

importance for future St. Augustinegrass breeding efforts, as this germplasm pool

can be more readily exploited because of the lack of reproductive barriers with most

commercial cultivars and plant introductions.

1 INTRODUCTION

Gray leaf spot (GLS) is a turfgrass disease caused by the

fungus Pyricularia oryzae Cavara. Gray leaf spot is one of

the most common diseases of St. Augustinegrass [Steno-

Abbreviations: AUDPC, area under the disease progress curve; AULEC,

area under the lesion expansion curve; GLS, gray leaf spot; INCID D7,

incidence on Day 7 after inoculation; RH, relative humidity.
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taphrum secundatum (Walter) Kuntze], a warm-season turf-

grass widely distributed in tropical and subtropical regions of

the world. St. Augustinegrass is well adapted to shady, humid

and sandy environments which make this grass a good candi-

date for lawns and landscapes in coastal areas (Busey, 1995).

Gray leaf spot develops when warm temperatures coin-

cide with long periods of leaf wetness (Moss & Trevathan,
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1987; Uddin, Serlemitsos, & Viji, 2003). The disease initially

appears on leaf blades as small, water-soaked lesions that

become necrotic spots. As the disease progresses, necrotic

spots coalesce and cause partial or complete blighting of

the leaf blades (Harmon, Datnoff, Nagata, Brecht, & Stiles,

2005; Smiley, Dernoden, & Clarke, 2005). Under favorable

conditions, GLS develops rapidly, and entire grass swards

can be killed within a few days. Cultural management prac-

tices can slow disease development (Datnoff, Brecht, Stiles,

& Rutherford, 2005; Harmon et al., 2005) but do not pro-

vide adequate control when disease pressure is high. Cer-

tain fungicides provide effective GLS control but often are

not economical for sod production, and limited products

are registered for application to residential lawns. Further-

more, P. oryzae can quickly develop resistance to single-

site fungicides (Vincelli & Dixon, 2002). Development of

St. Augustinegrass cultivars with genetic resistance to GLS

would be a potential alternative for managing the disease

(Atilano & Busey, 1983; Harmon et al., 2005). Breeding for

GLS resistance has been successful in other turfgrass species

including perennial ryegrass (Lolium perenne L.) and tall fes-

cue (Festuca arundinacea Schreb.) (Tredway, Stevenson, &

Burpee, 2003).

Although GLS was first reported in St. Augustinegrass

in 1957 (Malca & Owen, 1957), the first evaluation of

germplasm for GLS resistance was performed in 1964, and

it was not until the 1980s when a more significant number

of genotypes, including African and Caribbean plant intro-

ductions, gulf coast selections, hybrids, and mutants, were

evaluated (Atilano & Busey, 1983; Freeman, 1964). Both

studies identified pembagrass [Stenotaphrum dimidiatum (L.)

Brongn.], a wild relative of St. Augustinegrass, accessions

PI 289729 and PI 365031, as highly resistant (Atilano &

Busey, 1983). Later in 2005, a GLS evaluation reported

the polyploid cultivar FX-10 as the most resistant genotype

(Harmon et al., 2005). Metz, Chandra, Genovesi, and Campos

(2011) reported polyploids FX-10, TAES 5382, and TAES

5384, along with interploids DALSA 0605 and DALSA 0607

to be highly resistant and resistant, respectively.

Since first reported, most St. Augustinegrass breeding

efforts have concentrated in the diploid gene pool, with only

a few polyploid cultivars released. Interploid breeding in St.

Augustinegrass is limited because of sexual hybridization bar-

riers among different ploidy levels and also, to a lesser extent,

because of restricted germplasm availability. Thus, examples

of successful introgression of traits of interest from poly-

ploid genotypes into commercial cultivars are few, with FX-

10 being one example. Early attempts at using conventional

breeding methods to cross genotypes of different ploidy lev-

els resulted in failure (Busey, 2003), until more recently when

in vitro embryo rescue techniques were used to successfully

develop interploid populations (Genovesi, Russel, Engelke, &

Burson, 2009).

Core Ideas
∙ Significant variation for GLS response was identi-

fied in diploid and polyploid germplasm.

∙ Polyploid genotypes PI 365031, PI 290888, PI

300129, PI 300130, and FX-10 were confirmed as

highly resistant.

∙ Diploid PI 410353 had high levels of resistance

comparable with those of polyploid materials.

∙ This is the first report of high levels of GLS resis-

tance in diploid germplasm of St. Augustinegrass.

Given the difficulties in exploiting the genetic variation

present among Stenotaphrum polyploids and the lack of a

comprehensive evaluation of GLS resistance in the species,

the objectives of the present study were (a) to evaluate a

diverse collection of Stenotaphrum germplasm for resistance

to isolates of P. oryzae, and (b) to determine if resistance to

GLS is expressed in diploid genotypes and, if so, how it com-

pares to that of polyploids.

2 MATERIAL AND METHODS

2.1 Plant material, establishment, and
maintenance

Fifty eight St. Augustinegrass genotypes were included

(Table 1): 21 commercial cultivars, 17 plant introductions

(PI) from the National Plant Germplasm System (NPGS,

Griffin, GA), and 20 accessions from the North Carolina

State University turfgrass breeding program germplasm

collection. Additionally, the only two available accessions

of pembagrass [Stenotaphrum dimidiatum (L.) Brongn.] in

the U.S. germplasm collection were included in this study as

resistant controls. Genotypes were vegetatively propagated

from greenhouse-grown plants by planting five two-node

stolons into 473-ml (16-oz.) styrofoam cups (Dart Container

Corporation) filled with Profile Greens Grade (Profile Prod-

ucts). Plants were maintained in a walk-in growth chamber

at the Southeastern Plant Environment Laboratory (North

Carolina State University Phytotron) under 12-h days at 30 ˚C

and 75% relative humidity (RH), and 12-h nights (no light)

at 24 ˚C and 100% RH for ∼3 mo until pots reached 100%

coverage. During this period, plants were watered daily with

a standard nutrient solution (Saravitz, Downs, & Thomas,

2009) and mowed weekly to a height of 7 cm.

Due to space limitations in the growth chamber, the 60

genotypes were divided into two trials (Table 1). Additionally,

a selection of the best and worst performers from each trial

was included in a third trial to compare responses. The diploid
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T A B L E 1 Stenotaphrum genotypes evaluated for resistance to three inoculum sources of Pyricularia oryzae under controlled environmental

conditions over three separate trials

No. Identity Typea Ploidyb species Sourcec Trial evaluated
1 106SVT3 Col Diploid, secundatum NCSU II, III

2 200Elm4 Col Diploid, secundatum NCSU II

3 904AT4 Col Diploid, secundatum NCSU II, III

4 TR 6-10 (Amerishade®) Cu Diploid, secundatum UF I

5 Bitterblue Cu Triploid, secundatum UF I, III

6 C1 Col Diploid, secundatum NCSU II, III

7 C2 Col Diploid, secundatum NCSU II

8 C3 Col Diploid, secundatum NCSU II

9 C4 Col Diploid, secundatum NCSU II

10 C6 Col Diploid, secundatum NCSU II

11 C7 Col Diploid, secundatum NCSU II

12 NUF-76 (Captiva®) Cu Diploid, secundatum UF I

13 VNS (Classic™) Cu Diploid, secundatum UF I, III

14 Clem Col Diploid, secundatum NCSU II

15 Co2 Col Diploid, secundatum NCSU II

16 Craig Col Diploid, secundatum NCSU II

17 6-72-99 (Delmar™) Cu Diploid, secundatum UF I

18 DeltaShade Cu Diploid, secundatum UF I

19 Eclipse (syn. MSA-31) Cu Diploid, secundatum MSU I

20 Floralawn Cu Aneuploid, secundatum UF I, III

21 Floratam Cu Aneuploid, secundatum UF I

22 Floratine Cu Triploid, secundatum UF I

23 Floraverde Cu Diploid, secundatum UF I

24 FX-10 Cu Aneuploid, secundatum UF I, III

25 GF2 Col Diploid, secundatum NCSU II, III

26 6-72-182 (Jade™) Cu Diploid, secundatum UF I

27 Jones Col Diploid, secundatum NCSU II

28 FA-40 (Mercedes™) Cu Diploid, secundatum UF I

29 SS-100 (Palmetto®) Cu Diploid, secundatum UF I

30 PI 289729 PI Tetraploid, dimidiatum NPGS I, III

31 PI 290888 PI Aneuploid, secundatum NPGS I, III

32 PI 291594 PI Triploid, secundatum NPGS I, III

33 PI 300129 PI Triploid, secundatum NPGS I, III

34 PI 300130 PI Aneuploid, secundatum NPGS I, III

35 PI 365031 PI Hexaploid, dimidiatum NPGS I, II, III

36 PI 410353 PI Diploid, secundatum NPGS II, III

37 PI 410355 PI Diploid, secundatum NPGS II

38 PI 410357 PI Diploid, secundatum NPGS II, III

39 PI 410360 PI Diploid, secundatum NPGS II, III

40 PI 410361 PI Diploid, secundatum NPGS I, III

41 PI 410363 PI Diploid, secundatum NPGS I, III

42 PI 410364 PI Diploid, secundatum NPGS II, III

43 PI 414079 PI Diploid, secundatum NPGS II

44 PI 509038 PI Diploid, secundatum NPGS II, III

45 PI 509039 PI Diploid, secundatum NPGS II, III

(Continues)
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T A B L E 1 (Continued)

No. Identity Typea Ploidyb species Sourcec Trial evaluated
46 PI 600734 PI Diploid, secundatum Seed II, III

47 PI 647924 PI Diploid, secundatum NPGS II, III

48 PI 647925 PI Diploid, secundatum NPGS I

49 Polaris Cu Diploid, secundatum MSU I

50 Raleigh Cu Diploid, secundatum UF I

51 Ray Col Diploid, secundatum NCSU II

52 Rebok Col Diploid, secundatum NCSU II

53 B12 (Sapphire®) Cu Diploid, secundatum UF I

54 615866 (Seville™) Cu Diploid, secundatum UF I, III

55 6-72-130 (Sunclipse™) Cu Diploid, secundatum UF I, II, III

56 SV20 Col Diploid, secundatum NCSU II, III

57 T638 Col Diploid, secundatum NCSU II

58 T644 Col Diploid, secundatum NCSU II

59 T672 Col Diploid, secundatum NCSU II

60 Texas Common Cu Diploid, secundatum UF I, III

aGermplasm type; Col, collection; Cu, cultivar.
bPloidy levels according to Milla-Lewis, Zuleta, Van Esbroeck, Quesenberry, and Kenworthy (2013).
cNCSU, North Carolina State University, Raleigh, NC; UF, University of Florida, Gainesville, FL; MSU, Mississippi State University, Starkville, MS; NPGS, National

Plant Germplasm System, Griffin, GA.

cultivar ‘6-72-130’ (Sunclipse™) and hexaploid PI 365031

were included as the susceptible and resistant controls, respec-

tively, in each trial. Each trial was evaluated twice (two runs)

and chlorothalonil (Daconil Ultrex, Syngenta Crop Protec-

tion) was applied at a rate of 94.64 ml in 37.85 L per 92.9

m2 (3.2 fluid oz. in 10 gal per 1,000 ft2) two times 10 d apart

in between runs to allow plants to recover completely from

GLS infection. Plants were mowed after fungicide application

to discard any remaining infected tissue and were allowed to

recover for 10 wk before reinoculation.

2.2 Fungal isolates and inocula production

Three inoculum sources of P. oryzae, obtained from the North

Carolina State University turfgrass pathology program’s col-

lection, were used in this study. Each inoculum source con-

sisted of two individual P. oryzae isolates: LWS consisted of

isolates LWS1 and LWC3 collected from North Carolina State

University’s Lake Wheeler Turf Field Laboratory (Raleigh,

NC), SRS consisted of isolates SRS1 and SRS3 collected

from the Sandhills Research Station (Jackson Springs, NC),

and GA consisted of isolates 1173 and 1345 collected from

Georgia (Tredway, Stevenson, & Burpee, 2005). Conidia were

produced based on the method developed by Ma and Uddin

(2009) with modifications. Briefly, pieces of dry filter paper

stored at −80 ˚C containing P. oryzae fungal mycelia were

transferred to potato dextrose agar (PDA) (Difco, Becton,

Dickinson and Company) and incubated at room temperature

for five days. PDA blocks (5 mm3) containing actively grow-

ing mycelium were removed and placed on oatmeal agar (20 g

Difco agar and 20 g of Gerber oatmeal) in 1 L of diluted

tall fescue extract. Tall fescue extract was prepared by boil-

ing 20 g of fresh tall fescue leaf blades in 1 L water for 10 min

and then diluted twofold by adding an equal volume of dis-

tilled water. Plates were sealed with Parafilm M all-purpose

laboratory film (Bemis) and incubated at 26 ˚C with 12-h

day/night cycles of fluorescent light (76 μmol m−2 s−1) for

5–6 d until the growth of P. oryzae was ∼50 mm in diameter.

The Parafilm was then removed and the culture plates were

placed upside down and incubated for an additional 10 d to

induce sporulation. Conidia were harvested by adding 5 ml of

distilled water to each culture plate, scraping the surface of the

fungal colony with a soft brush, and filtering the suspension

through four layers of cheesecloth. The final concentration of

conidial suspension of each strain was adjusted to 4 × 104

conidia ml−1 using a hemacytometer.

2.3 Inoculation and incubation conditions

A split-plot experimental design with three replications was

established, where main plots were the three inoculum sources

and the subplots were the St. Augustinegrass genotypes. Each

main plot contained a total of 96 pots sprayed with a par-

ticular inoculum source, distributed in a set of 12 contain-

ers holding eight pots each, for a total of 32 genotypes

distributed in three replications. Before inoculation, the total
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number of leaves in each cup was counted and genotypes were

randomly arranged in four plastic containers per replication.

The inoculation methods and conditions were as described

by Tredway et al. (2005). Briefly, a conidial suspension was

applied uniformly with an Badger Air-Brush Model 350 (Bad-

ger Air-Brush Company) powered with compressed CO2 at

2.2 kg m−2. After inoculation, the plastic containers were cov-

ered, and incubation conditions for the first 24 h were set at 24

˚C, 100% RH, and no light. Subsequently, the growth cham-

ber was programmed for 12 h of light (450–500 μmol m−2 s−1)

at 30 ˚C and 75% RH and 12 h of darkness at 24 ˚C and with

RH between 70 and 90%. Plastic containers were uncovered at

the beginning of each day cycle. At the end of the day, plants

were sprayed with a mist of water and containers were cov-

ered again to maintain leaf wetness and humidity overnight.

Additional mist was constantly applied in the growth chamber

during the first 48 h after inoculation and every night until the

end of the experiment using three Herrmidifier 707-U series

atomizing humidifiers (Trion).

2.4 Data collection and analysis

Beginning 2 d after inoculation, symptoms were evaluated

for 5 d. The number of leaves with lesions was recorded

daily. Disease incidence was then estimated as number of

leaves with lesions (LWL) over the total number of leaves

per subplot (cup) counted within 24 h prior to inoculation.

Mean lesion length (LL) was determined by measuring the

length of at least five lesions randomly selected per sub-

plot using a digital fractional caliper (General Tools and

Instruments; Tredway et al., 2003). Incubation period was

recorded as the number of days from inoculation to first

lesion appearance. Based on LWL and LL, derived param-

eters of disease progress rate, and lesion expansion rate,

area under the disease progress curve (AUDPC), and area

under the lesion expansion curve (AULEC) – were calcu-

lated. Disease progress rate and lesion expansion rate were

determined for each plant from the five daily observations of

disease incidence and mean lesion length, respectively. The

AUDPC and AULEC were calculated from the disease inci-

dence and mean lesion length data, respectively, using the

formula
∑𝑛

𝑖
(𝑦𝑖 + 𝑦𝑖∕2∕2)(𝑡𝑖+1 − 𝑡𝑖) developed by Shaner and

Finney (1977), where i = rating day, yi is disease incidence or

mean lesion length on the ith rating date, and ti is the day of

the ith rating.

The PROC MIXED procedure (SAS version 9.2, SAS

Institute) was used to fit the linear mixed model, estimate

the covariance parameter for random effects, and run the

Type 3 test of fixed effects to test the significance of main

effects (genotype and isolate) and their interaction for the pri-

mary and derived parameters evaluated. Genotype, inoculum

sources, and their interaction were considered fixed effects.

Trial, run nested within trial, replication nested within trial

and run, and their interactions with fixed effects were con-

sidered random effects. The Kenward–Roger’s approximation

was used to improve estimation of standard errors and degrees

of freedom in the final model when covariance parameters

were estimated as zero. Main effect and interaction effect

least squares means were calculated and mean separation tests

were conducted through multiple pairwise means compar-

isons using the Tukey–Kramer test at a significance level of

.05 (Kramer, 1956). In order to detect correlations among the

different traits evaluated, Pearson’s coefficients were calcu-

lated using the CORR procedure in SAS 9.2 (SAS version 9.2,

SAS Institute).

3 RESULTS

Given the number of genotypes evaluated and size of the envi-

ronmental chambers used for the study, the evaluation was

split into three trials: Trial I, which included half of the geno-

types; Trial II, which included the other half; and Trial III,

which included the accessions with best and worst disease

responses from each trial in order to make side-by-side com-

parisons of performance (Table 1). Although seven parame-

ters were evaluated and analyzed, only incubation period, inci-

dence on Day 7 after inoculation (INCID D7), AUDPC, and

AULEC are presented here.

3.1 Trial I

In this trial, significant differences among genotypes were

identified for all parameters evaluated except incubation

period (Table 2). Meanwhile, significant differences among

inoculum sources were detected only for INCID D7. The

interaction effect between genotype and inoculum source

was significant only for AULEC. Plant Introductions 289729,

291594, 300129, and 300130 and cultivar FX-10 were not

significantly different from resistant check PI 365031 for any

of the traits (Supplemental Table S1). Cultivars VNS (Clas-

sic™), ‘FA-40’ (Mercedes™), and ‘6-72-182’ (Jade™) were

consistently the most susceptible genotypes across all parame-

ters. Inoculum LWS was the most virulent across runs, achiev-

ing the highest scores across traits. Inocula SRS and GA

obtained rank two and three, respectively (data not shown).

Covariance parameter estimates are presented in Supplemen-

tal Table S2.

3.2 Trial II

In general, disease pressure was higher for Trial II as com-

pared with Trial I. In Trial II, disease developed faster as

reflected by lower numbers for incubation period, and reached
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T A B L E 2 ANOVA for evaluation trials of Stenotaphrum germplasm evaluated for resistance to three sources of inoculum of Pyricularia
oryzae under controlled environmental conditions over three trials

Incubation period Incidence on Day 7 Sq Rt AUDPCa AULECa

Source Num DFa Den DFb F value Den DF F value Den DF F value Den DF F value
Trial I

Inoculum (Inoc) 2 2 7.98NS† 10.5 12.09** 2.01 14.5NS 2 1.28NS

Genotype (Gen) 30 30 1.26NS 29.7 6.67*** 29.5 5.47*** 29.9 14.58***

Gen × Inoc 60 60 0.98NS 60.8 1.24NS 60.2 1.49NS 58.1 2.18**

Trial II

Inoculum 2 2 0.19NS 2 0.39NS 2 0.07NS 2 0.54NS

Genotype 31 31 2.54** 31 4.06*** 31 3.29*** 93 6.54***

Gen × Inoc 62 446 0.99NS 62 1.57* 62 1.39NS 93 1.91**

Trial III

Inoculum 2 2 0.1NS 2 0NS 2 0.01NS 2.97 0.17NS

Genotype 27 26.6 4.85*** 27.1 4.46*** 27 5.96*** 27.2 10.36***

Gen × Inoc 54 374 1.98*** 53.9 0.9NS 54 1.38NS 54.4 1.36NS

aSq Rt AUDPC, square-root-transformed area under the disease progress curve; AULEC, area under the lesion expansion curve.
bNum DF, numerator degrees of freedom; Den DF, denominator degrees of freedom.
*Significant at the .05 probability level. **Significant at the .01 probability level. ***Significant at the .001 probability level. †NS, nonsignificant.

higher levels, which was evidenced by higher values for inci-

dence, AULEC, and AUDPC. Genotypes were found to be

significantly different for all parameters (Table 2). There was

a significant interaction effect between genotype and inocu-

lum for INCID D7 and AULEC. As in Trial I, PI 365031

was among the top performers across parameters. Genotypes

PI 410353 and PI 410364 had similar or better performance

than PI 365031 for all variables measured (Supplemental

Table S3).

3.3 Trial III

The ANOVA results showed significant differences among

genotypes for all traits (Table 3). The genotype × inoculum

source interaction was significant for incubation period only.

Although PI 365031 was once again in the best performance

group for all parameters, PIs 300129, 300130, and 410353 and

cultivar FX-10 exhibited comparable performance and were

not significantly different from this PI for any of the param-

eters, with the exception of incubation period for PI 410353

with inoculum SRS (Table 3). Although not the worst, culti-

var 6-72-130 (Sunclipse™) remained a poor performer for all

parameters.

3.4 Consistency in performance

Genotypes with consistent performance across trials and

parameters could be identified (Table 4). The resistant check,

PI 365031, ranked in the top five for 10 out of 12 trial

by parameter combinations. Plant Introductions 300129,

300130, and 410353 were also consistently among the top

performers. Plots of AULEC vs. INCID D7, AUDPC vs.

INCID D7, and AUDPC vs. AULEC by incubation period

(Figures 1a, 1b, and 1c, respectively) revealed a wide range in

response to infection to P. oryzae. A group of genotypes (PI

365031, PI 300129, PI 300130, PI 291594, PI 289729, and

PI 410353) was identified as having consistent performance

for AUDPC, AULEC, and INCID D7. Performance for

incubation period was more variable. Furthermore, the plots

of AUDPC vs. AULEC, INCID D7 vs. AULEC, and AUDPC

vs. AULEV by ploidy level (Figure 2a, 2b, and 2c, respec-

tively) identified PI 410353 as the best-performing diploid

genotype.

3.5 Trait correlation

Pearson’s correlation coefficients were calculated between

each pair of traits. Results indicated that AUDPC, AULEC,

and INCID D7 are highly correlated (p < .0001) (Table 5).

On the other hand, incubation period had a significant associ-

ation (p = .0002) with AUDPC and INCID D7 only.

4 DISCUSSION

Significant differences in incubation period, INCID D7,

AUDPC, and AULEC were observed among Stenotaphrum
genotypes evaluated in this study. These results confirmed,

as has been previously reported in other studies (Atilano &
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F I G U R E 1 Least squares means for St. Augustinegrass

germplasm evaluated for resistance to gray leaf spot under controlled

environmental conditions: (a) area under the lesion expansion curve

(AULEC) vs. disease incidence on Day 7 (Incidence Day 7, defined as

the number of leaves with lesions seven days post inoculation over the

total number of leaves per plant counted within 24 h prior to

inoculation) by incubation period (defined as number of days from

inoculation to when two or more lesions were present in a plant) and,

(b) area under the disease progress curve (AUDPC) vs. Incidence day 7

by incubation period, and (c) AUDPC vs. AULEC by incubation period.

Busey, 1983; Metz et al., 2011), that diverse germplasm col-

lections of St. Augustinegrass express differences in response

to biotic stresses such as GLS. Previous studies have reported

high levels of GLS resistance in S. dimidiatum plant intro-

ductions PI 365031 and PI 289729 (Atilano & Busey, 1983)

and cultivar FX-10 (Metz et al., 2011). The present study con-

F I G U R E 2 Least squares means for St. Augustinegrass

germplasm evaluated for resistance to gray leaf spot under controlled

environmental conditions: (a) area under the disease progress curve

(AUDPC) vs. area under the lesion expansion curve (AULEC) by ploidy

level, (b) disease incidence on Day 7 (Incidence day 7) vs. AULEC by

ploidy level, and (c) AUDPC vs. Incidence day 7 by ploidy level

firmed these reports, but it also identified additional sources

of resistance. Diploid PI 410353 exhibited levels of resistance

comparable to that of polyploid resistant check PI 365031.

Additionally, although PI 647924, PI 410357, PI 410360, and

PI 410364 had higher levels of disease than PI 410353 in some

runs, they still maintained consistent performance across

trials for most parameters and were classified as moderately

resistant. The GLS resistance in PI 410353 was corroborated

in later studies (Mulkey, 2013; Yu et al., 2020).
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T A B L E 5 Pearson correlation coefficients among traits in the

evaluation of Stenotaphrum genotypes for resistance to Pyricularia
oryzae

Trait AUDPC AULEC INCD7 INCPER
AUDPC 1 .8807 .9543 −.6560

<.0001 <.0001 .0002

AULEC .8807 1 .9123 −.3474

<.0001 <.0001 .0701

INCD7 .9543 .9123 1 −.4338

<.0001 <.0001 .0211

INCPER −.6560 −.3474 −.4338 1

.0002 .0701 .0211

Note. AUDPC, area under the disease progress curve; AULEC, area under the

lesion expansion curve; INCD7, disease incidence on Day 7; INCPER, incubation

period.

The use of growth chambers for disease evaluations is ben-

eficial in reducing space requirements and weather limitations

associated with field trials (Metz et al., 2011). Moreover,

by providing the specific environmental conditions required

for fungal growth, development of high levels of disease

epidemics can be achieved, which ultimately decreases the

probability of escapes. A screening of different inoculation

methods for the evaluation of GLS under field and controlled

conditions revealed that results are equally valid on either

situation (Metz et al., 2011). Our work supports previous

reports (Metz et al., 2011; Mulkey, 2013; Yu et al., 2020) that

the use of growth chambers is an effective way to evaluate

large numbers of St. Augustinegrass genotypes for response

to P. oryzae.

Primary (incubation period, INCID D7, and final lesion

length) and derived (AUDPC and AULEC) parameters

were consistent at identifying the most resistant genotypes.

Although Tredway et al. (2003) found incidence to be the most

efficient parameter because it combines incubation period,

infection efficiency, and lesion expansion into one measure-

ment, in our study, AULEC and AUDPC provided the best

separation among genotypes and were therefore the most pow-

erful for detection of high levels of GLS resistance. Ulti-

mately, all three parameters were found to be highly corre-

lated (p < .001), indicating that evaluation of one should be

effective at also assessing response of the other two. As in

different studies (Dallagnol, Rodrigues, Mielli, Ma, & Dat-

noff, 2009; Mulkey, 2013; Tredway et al., 2003; Yu et al.,

2020), AULEC and AUDPC were useful criteria for uniform

selection of resistant genotypes. In Trial III, polyploid geno-

types such as PI 365031, PI 290888, PI 300130, FX-10, and PI

300129 were found to be more resistant to GLS than diploid

plants as a group. However, AULEC and AUDPC for diploid

genotypes PI 410353 and PI 410357 were consistently low,

indicating that these genotypes are also resistant. Incubation

period provided poor separation among genotypes. However,

epidemic development is affected by incubation period and

even small differences among cultivars can be amplified over

multiple cycles of disease development (Tredway et al., 2003).

Therefore, the average 1-d difference detected between highly

resistant PI 365031 and susceptible cultivar ‘Seville’ might

translate into the latter experiencing more disease cycles than

the former over the same time period.

Even though the virulence of inoculum sources was

assumed to be low (GA), medium (LWS), and high (SRS),

results indicated similar levels of virulence for all inoculum

sources on the genotypes evaluated. Comparable results were

presented by Metz et al. (2011) when different P. oryzae
isolates used separately and in combination were found to

exhibit similar virulence and had no contribution to the

overall variation among genotypes. The authors attributed

these results to cross contamination of inoculum. In our

study, genotypes were enclosed in plastic containers with the

same inoculum, reducing the probability of spore dispersion

to other containers. Tredway et al. (2003) identified similar

virulence among isolates of P. oryzae to tall fescue cultivars

even for isolates from different lineages. The significant

interaction of genotype and inoculum identified for most

traits in this study was mainly given by differences in rank

among genotypes with intermediate performance. Highly

resistant genotypes identified here demonstrated consistency

in disease response across runs, trials, and parameters.

Although polyploids PI 365031 and PI289729 had been

previously identified as resistant this is the first report of high

levels of resistance to GLS being observed among diploid

materials. The identification and utilization of resistance

genes in diploid genotypes is of great importance for future

St. Augustinegrass breeding efforts as this germplasm pool

can be more readily exploited due to the lack of reproductive

barriers with most commercial cultivars and PIs.
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