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ABSTRACT
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Anthracnose caused in annual bluegrass (Poa annuavar. reptans
(Hauskins) Timm.) by the fungus Colletotrichum graminicola
(Ces.) Wils. causes severe damage to golf course greens and
fairways (2,3,8,11). The fungus overwinters in both dead and living
plant material (5) and, during the summer, conidia produced in
acervuli infect annual bluegrass plants. In Michigan, anthracnose is
particularly severe during periods of warm weather in summer. The
disease develops as irregularly shaped patches of yellow-bronze
turf that range from a few centimeters to several meters across.
Infected leaves have elongated reddish brown lesions that expand
and encompass the entire leaf blade (8). Results of laboratory
studies show that the optimum temperature range for growth of the
fungus is 22-31 C (7,8). Inoculation studies (2) under greenhouse
conditions show that C. graminicolacan cause disease on annual
bluegrass between 27 and 33 C.
The purpose of this study was to develop a model to predict
anthracnose severity on annual bluegrass from leaf wetness and
temperature data collected in the field. Many of the approaches
used in this study were previously used to develop a prediction
model for cherry leaf spot (4).
MATERIALS AND METHODS
At the Michigan State University Soils Research Farm, East
Lansing, MI 48824, and at the Glengary Country Club, Sylvania,
OH 43560, 4 X 4-m plots were established in four replicated 10 X
10-m areas of annual bluegrass during 1980 and 1981. Anthracnose
was severe at both locations in 1979. The grass on the plots at both
locations was mowed to a height of 1.25 cm three times a week,
irrigated as needed to prevent wilting, and fertilized with 28 kg of
nitrogen per hectare in May, June, August, and September (total
112 kg/ha/ yr). Levels of phosphorus and potassium were adequate
according to soil test results obtained from the Michigan State Soil
Testing Laboratory.
Belfort leaf wetness recorders (Belfort Instruments, Co.,
Baltimore, MD 21224) were used to monitor air temperature and
hours of leaf wetness at each location from 1 May to 10 October
1980 and 1981. Leaf wetness measurements included wetting
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periods resulting from rain, dew, and irrigation. The leaf wetness
sensors were located 1.3 cm above the soil surface.
Disease severity as the percentage of area in each plot with
anthracnose symptoms was estimated2 every 3-5 days. The number
of infected plants from three 400-cm subplots within a single plot
were counted and correlated with corresponding visual ratings. To
detect the spread of inoculum at each3location, disease-free, 1-moold annual bluegrass plants in 700-cm (15.2-cm diameter) clay pots
were placed in holes in the ground so that the soil in the pot was
flush with the surrounding soil surface in the center of each plot.
The potted plants were replaced weekly with new, disease-free,
greenhouse-grown plants. During the exposure period, the plants
were subjected to the same mowing and moisture regime as the
surrounding plot area. The plants in their pots were placed in a mist
chamber for 48-60 hr at 25 ± 5 C, moved to a greenhouse bepch,
and examined periodically for 2 wk for symptoms of anthracnose.
Isolations from leaf lesions on these plants were made periodically
on potato-dextrose agar (PDA; Gibco Diagnostics, Madison, WI
53713) to verify the presence of C. graminicola.
Model development. A model relating daily mean air
temperatures and hours of leaf wetness to anthracnose severity was
developed by using regression techniques. The model was based on
conditions at the time of infection, which were determined by
subtracting a given time from the time disease ratings were taken.
This period of time from the onset of infection to the development
of visual symptoms was determined in a greenhouse experiment.
Determination of maximum symptom expression period. One3
month-old annual bluegrass plants were grown in 700-cm clay pots
containing a mix of sand, soil, and peat (1: 1: 1, v/v). Plants were
fertilized with 50 kg/ha each of nitrogen, phosphorus, and
potassium and were maintained at a height of 2.5 cm by weekly
mowing.
The isolate of C. graminicola used to inoculate the plants was
obtained from an annual bluegrass plant at the Field Crops
Laboratory, East Lansing, MI 48824. The isolate was grown on 4%
PDA at 22 C. Spores from 18-day-old cultures were suspended in
sterile distilled water and a spore concentration of 10' spores per
milliliter was determined with a hemacytometer. Two milliliters of
the spore suspension was applied to the plants from a DeVilbiss
hand atomizer. Viability of the spores, determined by atomizing
spores onto blocks of PDA in petri plates and incubating at 22 C for
48 hr, was >90%.

The plants were continuously misted for 48 hr then placed on a
bench in a controlled-temperature greenhouse maintained at 22 ±
2, 25 + 2, or 30 + 2 C. Initial appressoria formation was noted by
microscopic observation. The day maximum disease expression
occurred was determined by lesion counts per 20 randomly selected
leaf blades. If no increase in lesion number occurred, maximum
disease development was considered complete.
Each temperature treatment was replicated four times and the
experiment was repeated twice. The results of the two experiments
were averaged and are presented in Table 1.
The assumption was made, due to variation in symptom
development at the three temperatures, that 10-12 days were
required for symptom development. Therefore, temperature and
wetness data for 10, 11, and 12 days preceding the date of each
disease rating were averaged and the means were correlated with
corresponding disease severity values according to Pearson's
method as given by Nie et al (6).
Validation of the model. From I May to 1 September 1982, the
model was tested at three locations: Robert Hancock Turfgrass
Research Center, East Lansing, MI 48824; Glengary Country Club,
Sylvania, OH 43560; and Meadowbrook Country Club, Livonia,
MI 48151. In previous years (1980-1981), anthracnose had been
severe at each location. Disease severity was monitored in three 4 X
4-m plots selected randomly within a 10 X 10-m area at each
location.
One Belfort leaf wetness recorder per location was set with the
sensor 1.3 cm above the soil surface to monitor hourly temperature
and duration of leaf wetness. An anthracnose severity index (ASI)
was calculated daily using the regression model. Disease severity in
each plot was rated every 2-4 days.
Anthracnose severity versus rate of disease increase. To
determine if the expected anthracnose severity index (AS]) values
computed with the model were related to rate of disease increase,
linear regression analysis was done on the data collected in 1982
from the Hancock Research Center and the Glengary Country
Club. The Meadowbrook data were not included since they were
almost identical to those from the Hancock Research Center.
Disease increases were determined by using the logistic (10.) and
regression
Gompertz (1) methods. Tests for homogeneity of
coefficients (9) were performed before the two sets of data were
pooled for regression analysis.

observed variation in disease severity and all estimated coefficients
were statistically significant at P = 0.01. The actual model was:
2
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0.0197 T 2 + 0.01 55(L W X T).
The relationship of temperature and duration of leaf wetness to
disease severity is shown in a computer-generated surface (12) of
the original data from the two monitoring sites (Fig. IA). A
comparative surface generated from points predicted with the
equation (Fig. IB) shows a good fit of the model for temperature
values from 14 to 28 C and for wetting durations up to 24 hr.
Examination of residuals (the difference between the original data
points and those predicted by the model) supported the assumption
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validation. To determine if AS! values calculated from
daily temperature and wetness data accurately predicted disease
development, AS! values were calculated from weather data for
each of the three locations. To account for a latent period of 10-12
days, three consecutive ASI values were averaged and related to
visual estimations of disease made 10 days later. Visual estimates
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were related to actual counts made from three 10 X 10-cm subplots
within a single plot. The model predicted 14 of 16 periods of disease
increase correctly (88%). Twice in mid-May, the model predicted
disease when none appeared. Potted plants exposed at the
Michigan State University Soil Research Laboratory in 1980 and
1981 failed to develop disease during May. Exposed plants did not
exhibit disease until the week of 16 June in 1980 and 10 June in
1981.
Predicted ASI values were directly related to the actual
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Model development. An acceptable second-order model relating
temperature and duration of leaf wetness to disease severity took
the form:
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in which ASI = anthracnose severity index, LW = hours of leaf
wetness, and T= average daily temperature (C) for a 3 day period,
10-12 days preceding symptom expression. The b values are leastsquare estimates of the partial regression coefficients and e is a
normally distributed random variable with mean zero and variance
a . The ASIvalues were 1, 2, 3, 4, 5, and 6, which corresponded to
1-10, 11-20, 21-30, 31-40, 41-50, and >51%, respectively, of the
turfgrass area diseased. This model accounted for 84% of the
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TABLE 1. Stages of anthracnose development on annual bluegrass in days
from initial inoculation
Maximum disease
development
(day)
12.5
11.9

Average
temperature
(± 2C)
22
25

Formation of
appressoria
(day)
2
2

30

2

9.2

Average

2.0

11.20

Fig. 1. Relationship of temperature and duration of leaf wetness to infection
of annual bluegrass by Colletotrichum graminicola. A, From actual field

data. B, Predicted from regression equation. ASI = anthracnose severity
index.
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percentage of diseased area observed 10 days later (Fig. 2).
However, low ASlvalues (1.0 to 1.8) estimated disease when none
was present. Because 14 of 16 wetting periods suitable for infection
had ASIvalues >2, the assumption was made that an ASIvalue of
2 was the threshold value for infection (Fig. 3). Also, 90% of the
wetting periods with no disease development fell on or below the
line for AS!= 2.
Relationship of anthracnose severity index to rate of disease
increase. Anthracnose severity index (ASI) values were plotted
from data collected at the Robert Hancock Turfgrass Research
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Center (representative of the three sites) (Fig. 4). Disease was first
predicted on 14 and 15 May and should have appeared in late May.
AS! values >2 were detected on 29-30 June and were followed
about 10 days later by an increase in the area of annual bluegrass
infected. Favorable periods on 6-12 July and 14-19 July were both
followed by periods of disease increase.
Rates of disease increase and daily ASI values were calculated
for two locations (Table 2). The resultant F-statistics for
homogeneity of regression coefficients before pooling the idata
from Glengary Country Club and Hancock Research Center were
not significant (P = 0.05). Therefore, the data from the two
locations were combined. When rates of disease increase were
compared to2 daily ASI values, the Gompertz model resulted in a
better fit (r = 0.912) than the logistic model (r2 = 0.646). The
resultant regression showed that the predicted daily ASI values
were related to the rates of disease increase (Fig. 5).
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Fig. 2. Regression and 95% confidence limits of anthracnose severity index
(ASI) values predicted from mean temperature and leaf wetness duration
data collected in the field on actual estimate of infection at three locations
used for validating the predictive model in 1982.
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Fig. 4. Development of anthracnose on annual bluegrass in East Lansing,
MI, during 1982 and the favorability of temperature and leaf wetness as
expressed from predicted values by the anthracnose severity index (AS])
model. Dotted line represents predicted threshold value for infection
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Fig. 3. Comparison of leaf wetness periods and average daily temperatures
monitored in the field to subsequent infection. An anthracnose severity
index (AS!) of 2 was the minimum value needed for infection,
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Fig. 5. Fitted regression line and 95% confidence limits relating the
proportional rate of change in disease (as computed with a Gompertz
transformation) to an average daily anthracnose severity index (AS!)
computed from mean temperature and wetness duration data (see Table 2).

TABLE 2. Rates of change in anthracnose severity and average daily anthracnose severity index (ASI)calculated with an infection model from temperature
and leaf wetness data collected from two locations in Michigan

D~w

D2

Logisticx

Gompertzy

Average
ASIZ

5
10
15
40

10
15
40
70

0.231
0.027
0.245
0.082

0.088
0.015
0.182
0.135

3.27
2.13
4.02
3.26

0.170
0.019
0.209
0.057
0.231

0.053
0.024
0.096
0.035
0.231

2.60
1.71
3.13
2.68
4.50

(t1-t2)

Glengary
22-24 July
24 June-6 July
6-9 July
9-15 July
Hancock
27-29 June
29 June-5 July
5-7 July
7-15 July
15-17 July
wD = percent infected area for the first (ti) and
'Logistic = In (D 2) - In (Dl)/(t 2 - t).
I

Infection rate

Infection area (%)

Date

3
7
8
15
25
second

(t2)

5
8
15
25
50
dates of disease assessment.

Gompertz = -In (-In D2) - (-In (-In DI)/(t2-t 1 )).

zSum of ASI values from ti - 12 to t2

-

12 divided by t2

-

t].

DISCUSSION
for predicting the
A multiple regression model was developed

onset of infection. Work is currently being done to utilize these
predictions to schedule the use of fungicides.

severity of anthracnose of annual bluegrass from daily mean
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