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ABSTRACT

Turechek, W. W., Peres, N. A., and Werner, N. A. 2006. Pre- and post-infection activity of pyra-
clostrobin for control of anthracnose fruit rot of strawberry caused by Colletotrichum acutatum.
Plant Dis. 90:862-868.

The effect of pre- and post-infection-period applications of pyraclostrobin (Cabrio EG) on the
development of anthracnose fruit rot was characterized in a controlled-climate study and vali-
dated in field studies in New York and Florida. Plants of the day-neutral cv. Tristar were inocu-
lated with C. acutatum and placed into mist chambers at 14, 22, or 30°C. The plants were re-
moved from the chambers after 3, 6, 12, or 24 h of misting and placed on greenhouse benches to
allow disease development. The fungicide pyraclostrobin was applied to the berries at a concen-
tration equivalent to 168 g a.i./ha at 3, 8, 24, and 48 h prior to inoculation and exposure to their
wetting period, or 3, 8, 24, and 48 h following inoculation and exposure to their wetting period.
All pyraclostrobin treatments suppressed disease compared with the corresponding untreated
control treatments. The highest incidence of disease occurred on plants exposed to the longest
wetness durations (12 and 24 h) or highest temperature treatments (22 and 30°C). Post-infection
applications of pyraclostrobin provided significant control when applications were made within
3 and often up to 8 h after wetting, but generally were less effective than protective sprays. We
further tested the ability of pyraclostrobin to control anthracnose when applied as a protectant or
as an after-infection application in inoculated field plots exposed to a short (8 h) or long (24 h)
wetting period in Florida and in New York. In three of the four experimental plots, disease con-
trol equivalent to or better than the protective spray was achieved when pyraclostrobin was ap-
plied up to 24 h after infection for long and short wetting periods. In the remaining plot, condi-
tions for disease development were exceptionally favorable. The protective treatment provided
approximately 75% control, whereas the best post-infection treatment provided only 50% con-
trol. Our study indicates that for short wetting events, such as those associated with seasonal
thunderstorms, growers can wait until after such an infection event before applying pyraclos-
trobin and achieve control equivalent to a protective application.

Strawberry anthracnose, caused by Col-
letotrichum acutatum J. H. Simmonds, is
one of the most serious diseases in com-
mercial strawberry production. Even in
well-managed fields, losses due to the
fruit-rotting phase can exceed 50% when
conditions favor disease development (10).
Historically, the disease has been thought
of as a “southern” disease (16), occurring
primarily in the warmer production regions
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of North America. Over the last 20 years,
however, losses due to anthracnose fruit rot
have increased in fields across North
America, including California, New York,
Massachusetts, Pennsylvania, Ohio, and
Ontario, Canada.

Although several species of Colleto-
trichum cause anthracnose on strawberry
(6), C. acutatum is the most prevalent
fruit-rotting pathogen. C. acutatum was
first reported on strawberry in the United
States in 1986 (25) and appears to be well
established in the temperate and subtropi-
cal strawberry-growing regions in the
United States. The fungus can attack virtu-
ally all parts of the plant, including the
crown, leaves, petioles, and immature and
mature berries (19), and also causes a root
necrosis leading to stunting and chlorosis
of the plant (5). The disease probably is
introduced into plantings on contaminated
nursery plants (2,5,10). Once established,
C. acutatum can overwinter under a wide
variety of conditions in mummified fruit
(31) or in soil with or without strawberry
plant debris (2—4,7). However, in warmer
climates, it does not oversummer in asso-

ciation with crown tissue (29). C. acutatum
can survive and reproduce on the surface
of leaves without causing symptoms
through a process called microcyclic co-
nidiation (15,32). This means of survival
may have serious implications for disease
management because infested plants can
escape inspection prior to planting and the
pathogen may build up to high levels in the
field undetected.

Conidia of C. acutatum are dispersed
locally by splashing water, and droplets
may be disseminated further with the aid
of wind (33). A number of factors influ-
ence the efficiency of dissemination and
the intensity of disease that results. Plastic
ground cover facilitates the spread of dis-
ease manyfold relative to bare soil or straw
mulch (20,34). Yang et al. (34) showed that
for plants grown on plastic mulch, as little
as 15 min of rainfall was sufficient to
achieve 100% infection of fruit lying
within a 60-cm radius of an infected
source fruit. However, plastic ground cover
is essential for weed management in an-
nual production systems and its elimina-
tion is not a realistic option currently. In
annual production systems, additional
dispersal occurs when pickers spread
spores from infected to healthy fruit when
brushing their hands through the canopy
searching for ripe fruit (16).

Wilson et al. (30) found that optimal
temperatures for infection on immature
and mature fruit were between 25 and
30°C on cv. Midway, with greater than
80% incidence occurring after 13 h of leaf
wetness. They found that no infection oc-
curred on immature or mature fruit below
4°C, nor was any infection observed on
immature fruit above 35°C. Predictive
curves for estimating the incidence of fruit
infection as a function of the duration of
berry wetness and temperature were devel-
oped and these adequately predicted infec-
tion in experimental field plots, with about
75% of the variation in disease incidence
explained by these equations (20).

Most commercial management pro-
grams rely on calendar-based protective
applications of fungicides for disease man-
agement. Under ideal management, fungi-
cides would be applied only when neces-
sary and, preferably, only in response to an
infection event. However, this recommen-
dation is difficult to follow, mainly be-
cause wetting events during fruit set and



harvest are associated with sporadic thun-
derstorms that are difficult to predict. The
degree of control that can be obtained with
post-infection applications is difficult to
predict because it is a function of the post-
infection activity of the fungicide, the
intensity of the infection event, and the
application timing relative to the end of the
infection event. To minimize the costs
associated with the use of fungicides, an
understanding of the conditions that favor
disease development as well as knowledge
of the efficacy of the available control
options is required. The objective of this
study was to quantify the efficacy of pre-
and post-infection-period applications of
pyraclostrobin on the development of an-
thracnose under different environmental
conditions and assess the practical benefit
of managing disease in response to infec-
tion events.

MATERIALS AND METHODS

Controlled-climate study. Plant pro-
duction and maintenance. Plants of the
day-neutral cv. Tristar were obtained from
Nourse Farms (South Deerfield, MA). The
plants were grown in 15-cm-diameter pots
in a 6:1 ratio of Cornell Mix (equal parts
of peat moss and perlite) and sand and
were deflowered for the first 6 to 8 weeks
of growth to encourage uniform flowering
and berry production. Bumblebees were
introduced and utilized for pollination. The
plants were watered once per week with a
50 ppm N solution, alternating weekly
between Peter’s calcium nitrate (15-0-0)
and Peter’s Peat-lite fertilizer (20-10-20
with micronutrients) as the nitrogen source
(The Scotts Company, Marysville, OH).
Greenhouse temperatures were maintained
at approximately 22°C and supplemental
overhead light was used when necessary to
encourage flowering.

Inoculum preparation and inoculation.
A single isolate of C. acutatum was se-
lected from a collection of isolates gath-
ered from infected berries collected in
commercial strawberry fields in New York
in 2001. The isolate was selected based on
its virulence relative to the other isolates
collected. The isolate was identified based
on conidial morphology and growth rate in
culture relative to reference cultures of C.
acutatum, C. gloeosporioides, and C. fra-
gariae (8,9,26,27). The isolate was main-
tained on potato dextrose agar with a 2.5-
cm-diameter sterile strawberry leaf disk
laid over the top of the medium to stimu-
late sporulation. The isolate was routinely
inoculated and re-isolated from green-
house-grown berries to ensure pathogenic-
ity. Inoculum was prepared by flooding a
petri dish containing an actively growing
culture with sterile, deionized water, filter-
ing the mixture through sterile cheesecloth
into a flask with sterile, deionized water
containing a single drop of Tween 20, and
adjusting the final concentration to 2.5 x
10* conidia/ml (30). The conidial suspen-

sion was applied to runoff directly to the
berries with a handheld, hand-pressurized
atomizer.

Fungicide treatments. Pyraclostrobin
was applied directly to the berries with a
250-ml nonaerosol mister at a concentra-
tion equivalent to 168 g a.i./ha at 3, 8, 24,
and 48 h prior to inoculation and expo-
sure to their wetting period (see below);
these were defined as pre-infection or
protective applications. Another set of
plants was treated 3, 8, 24, and 48 h fol-
lowing inoculation and exposure to their
wetting period. These were designated as
the post-infection-period treatments. Fen-
hexamid (Elevate 50 WDG, Arysta
LifeScience, Cary, NC) was added to
pyraclostrobin at the rate equivalent to
0.56 kg a.i./ha to control Botrytis cinerea;
fenhexamid has no activity against C.
acutatum (21).

Environmental conditions. Three tem-
peratures and four durations of leaf wet-
ness were combined in a factorial design to
produce a range of environmental condi-
tions for the development of anthracnose;
the results of Wilson et al. (30) were used
as a guide in selecting the environmental
parameters. In all, 168 plants were placed
in each of three walk-in mist chambers at
14, 22, or 30°C and 100% relative humid-
ity (504 plants in each single replication).
In each chamber, temperature was moni-
tored with an alcohol thermometer as well
as a HOBO Datalogger (Onset Computer
Corp., Bourne, MA). Plants were misted
within the chambers and removed in
groups of 40 after wetting periods of 3, 6,
and 12 h or in groups of 48 for the longest
wetting period (24 h), moved to green-
house benches, and dried with box fans.
Plants were removed 15 min prior to the
defined wetting period, and the drying
time was added as part of the total wetting
period.

Experimental design and statistical
analysis. Experimental factors were ar-
ranged in a split-split plot design. Tem-
perature served as the whole plot factor
and the walk-in chamber was considered
the experimental unit. Wetting period
served as the subplot factor and fungicide
treatment served as the sub-subplot factor.
Four plants were selected arbitrarily at
each temperature—wetting period combina-
tion and subjected to one of the nine pyra-
clostrobin treatments (i.e., one of the pre-
or post-wetting period applications or an
inoculated control). A single treatment of
fenhexamid applied 3 h prior to inocula-
tion was included at each temperature—
wetting period combination to evaluate the
effect of fenhexamid on anthracnose de-
velopment. Noninoculated plants sprayed
with pyraclostrobin and fenhexamid 3 h
prior to inoculation and noninoculated
plants without fungicide were included at
the 24-h wetting period to monitor for any
injury that may have resulted from the
application of treatments or C. acutatum

contamination. Three replications were
done over time due to limitation in avail-
able chamber space and the size of the
experiment.

The proportion of immature berries, ma-
ture berries, or the sum of the two (total
berries) with anthracnose symptoms was
calculated 6 to 10 days after inoculation
for each treatment. Fruit were classified as
mature if they were fully ripe at the time of
rating. Immature berries included berries
with or without red tinting, but excluded
berries that were clearly too small to have
been inoculated at the time of inoculation.
The proportions were subject to the arcsine
transformation and the data were analyzed
as a generalized linear mixed model
(GLMM) using the SAS procedure PROC
MIXED (18). Temperature, wetness dura-
tion, and fungicide treatment were treated
as fixed effects, whereas replication and its
interactions with the main effects were
treated as random effects. Treatment dif-
ferences for the fixed effects were obtained
using the pairwise difference option of
PROC MIXED.

Field study. Planting sites. Research
plantings were established at two loca-
tions. In New York, plantings of ‘Jewel’
and ‘Kent’” were established at the New
York State Agricultural Research Experi-
ment Station in Geneva, NY in May 2001.
The plants were established in a matted-
row system from bare root runner plants
obtained from Nourse Farms into a gly-
phosate-treated and cultivated field. Each
planting was approximately 0.04 ha with
10 rows planted on 1.2-m centers. Re-
search plots were established within each
planting and individual plots within plant-
ings consisted of 3.65-m row segments
with a 0.9-m buffer section on each end.

In Florida, bare root runner plants of
‘Camarosa’ or ‘Strawberry Festival’ were
transplanted  into  methyl  bromide:
chloropicrin (98:2)-fumigated soil in plas-
tic-mulched raised beds in October 2003
and 2004, respectively. Transplants were
irrigated by overhead sprinklers for 10 to
12 days to aid establishment, then irrigated
and fertilized through drip tape. Each bed
contained two staggered rows of plants
spaced 38 cm apart within rows and 31 cm
apart between rows. The beds were 71 cm
wide on 1.2-m centers. Research plots
were established within each planting and
individual plots were 2.4 m long and con-
tained 14 plants.

Experimental design and treatment ap-
plication. The results of the controlled-
climate study were used to select wetting
regimes that would generate differential
levels of anthracnose and application tim-
ings for disease management. Each plant-
ing was bisected to allow two separate
wetting regimes that were designated as
short (8 h of wetting) and long (24 h of
wetting). Four fungicide treatments and an
inoculated control were assigned to plots
in each of the wetting regimes in a ran-
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domized complete block design. In Flor-
ida, pyraclostrobin was applied to the ber-
ries at a concentration of 168 g a.i./ha at
16 or 24 h prior to inoculation as the pro-
tective treatment for the short and long
wetting periods, respectively. In New
York, pyraclostrobin was applied 18 h
prior to inoculation and exposure to the
wetting period as the protective treatment.
The differences in timing were chosen for
convenience and because only marginal
differences were expected with protective
applications made within 24 h of inocula-
tion. The post-infection treatments at both
sites included pyraclostrobin applied at
the same rate 4, 8, and 24 h following
inoculation and exposure to the wetting
period.

In New York, plots were inoculated on 8
June 2004 (‘Kent’) and 11 June 2004
(‘Jewel’) by preparing an inoculum sus-
pension as above and evenly applying 8
liters to runoff to the entire planting using
a  9.5-liter, hand-pressurized garden
sprayer. Plots were overhead irrigated with
a mist system that produced little splash-
ing. In Florida, plots were inoculated on 11
March 2004 (‘Camarosa’) and 25 March
2005 (‘Strawberry Festival’) by placing
three berries with sporulating anthracnose
lesions equidistant from each other in each
plot. The plantings were irrigated with
overhead sprinklers which facilitated the
spread of inoculum.

Data collection and statistical analysis.
In New York, mature berries were har-
vested twice; first at 7 or 8 days after in-
oculation, and then 4 or 5 days later. In
Florida, berries were harvested five times
at 3- to 5-day intervals beginning 5 days
after inoculation. The proportion of berries
with anthracnose symptoms in each plot
was recorded. The proportions were sub-
ject to the arcsine transformation and the
data were analyzed as a GLMM using the
SAS procedure PROC MIXED. Fungicide
treatment was treated as a fixed effect and
replication was treated as a random effect.
Treatment differences for the fixed effect
were obtained using the PDIFF option in
PROC MIXED.
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Fig. 1. Incidence and standard error of anthracnose on total strawberry fruit inoculated with Colletotrichum
acutatum and treated with pyraclostrobin 3, 8, 24, or 48 h before inoculation (bars with white background) or
3, 8, 24, or 48 h after inoculation (bars with gray background) in a laboratory experiment after exposure to A,
3, 6, 12, or 24 h of wetting (averaged across the three temperature treatments) or B, temperatures of 14, 22, or
30°C (averaged across the four wetting durations). The black bars show incidence of anthracnose in the un-
treated, inoculated controls. Asterisks indicate treatments that are significantly different from their corre-
sponding control according to the PDIFF option of PROC MIXED (P = 0.05).

Table 1. Analysis of variance of the effects of application timing of pyraclostrobin, wetness period, and temperature on the incidence of anthracnose caused

by Colletotrichum acutatum on immature berries,

mature berries, and total berries in a controlled-climate study?®

Immature berries Mature berries Total berries
Source df Mean square F value Mean square F value Mean square F value
Replication 2 0.1039 17.56%* 0.5153 2.19 0.4976 1.36
Temperature (T) 2 0.5172 87.44%* 2.3051 9.80* 0.7786 2.14
Error a 4 0.0059 0.2352 0.3646
Wetting (W) 3 0.7453 32.77%* 4.988 44.29%* 3.1346 33.85%*
TxW 6 0.1607 7.07%* 0.3669 3.26* 0.2619 2.83%
Error b 18 0.0227 0.1126 0.0926
Fungicide (F) 8 0.1065 6.66%* 1.0963 18.927%* 0.8323 39.827%:
FxT 16 0.0312 1.95% 0.0866 1.49 0.0488 2.33%*
FxW 24 0.0587 3.67%* 0.1528 2.64%* 0.0905 4.33%%*
FxWxT 48 0.0258 1.60* 0.0530 0.91 0.0296 1.42
Error ¢ 192 0.0159 0.0579 0.0209
Total 324

2 The study was designed as a split-split plot. For F values, * and ** represent P values of <0.05 and <0.01, respectively.
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RESULTS

Controlled-climate study. Disease in-
cidence in the inoculated controls in-
creased proportionally with temperature
and leaf wetness and was similar to that
predicted by Wilson et al. (30; see equa-
tions in their tables). The plants treated
only with fenhexamid developed anthrac-
nose to levels equivalent to the inoculated
control plants (results not shown). A nota-
ble difference between the two studies was
the lower incidence of anthracnose on
immature berries at 22 and 30°C in our
study. This may have been the result of our
defining the maturity of berries differently
than Wilson et al. (30). In our study, only
fully ripened berries at the time of rating
were considered mature, whereas all others
were classified as immature. Wilson et al.
(30) classified mature berries as those
“beginning to turn red;” immature berries
were those “beginning to lose chlorophyll
and turn whitish.” Another discrepancy
was the lower incidence of anthracnose on
mature berries exposed to 24 h of misting
at 22°C. The lower incidence may be the
result of an inherently higher level of resis-
tance to anthracnose in ‘Tristar’ relative to
‘Midway’. The same reasoning also may
explain differences observed with the im-
mature berries.

The main effect factors of fungicide
treatment and wetness duration had the
largest impact on the incidence of anthrac-
nose on mature and total berries (Table 1).
Temperature had the greatest effect on the
incidence of anthracnose on immature
berries, a lesser effect on mature berries,
and was not significant for total berries.
The lack of a consistent temperature effect
is a reflection of the narrow range of tem-
peratures selected for this experiment.
Temperatures were chosen within the
range where disease was expected to de-
velop and growers likely would consider
applying a fungicide. Moreover, because
temperature served as the whole-plot fac-
tor, the resulting F test had the lowest
power for detecting differences compared
with the F tests for the other main effects.
The interaction of temperature with leaf
wetness significantly affected the inci-
dence of anthracnose on immature berries,
mature berries, and total berries and was
similar to that described by Wilson et al.
(30). It was their description of this inter-
action that served as the basis for selecting
the levels of temperature and leaf wetness
in this experiment. In the remainder of this
article, only the results from the combina-
tion of immature and mature berries (i.e.,
total berries) are shown because results
across the three analyses were similar, and
overall incidence was more reflective of
responses encountered under field condi-
tions.

There was a clear interaction between
application timing and wetness duration as
well as between application timing and
temperature (Figs. 1A and B, respectively;

Table 1). The difference in anthracnose
incidence between pre- and post-infection
period applications of pyraclostrobin was
most evident. When averaged across tem-
peratures, post-infection period applica-
tions consistently suppressed anthracnose
to levels below their corresponding control
treatments only when applied within 3 h of
the end of an infection period when the
wetness duration was 24 h or less (Fig.
1A). When averaged across wetness dura-
tions, only pre-infection period applica-
tions consistently suppressed disease to
levels significantly below their correspond-
ing untreated controls (Fig. 1B). Applica-
tions of pyraclostrobin applied 3 h post-
infection suppressed disease to levels be-
low their corresponding control at 22 and
30°C but not at 14°C. However, the inci-
dence of anthracnose was low at 14°C (Fig.
1B).

When averaged across all combinations
of temperature and wetting durations, there
were clear differences between the pre-
infection-period applications and the post-
infection-period applications (Fig. 2). Both
types of applications, however, reduced
disease significantly below the untreated
control. For the protective applications, the
level of control was statistically equivalent
for applications made from 48 to 3 h prior
to inoculation. The post-infection-period
applications were most effective when
applied soon after exposure to an infection
event. Control declined as the time be-
tween the end of an infection period and a
fungicide application increased; however,
some level of control was obtained with
applications made 24 or 48 h after the
infection event.

Field study. Hourly weather and pre-
cipitation readings throughout each trial
period are shown for all four plots in Fig-
ure 3. In New York, the conditions during
inoculation and infection were highly fa-
vorable for disease development on ‘Kent’
with temperatures ranging between 22 and
30°C. The conditions were less favorable
during the inoculation of ‘Jewel, with a
maximum high temperature of 18°C. A
minor rain event occurred after inoculation
and just prior to the 24-h pyraclostrobin
application in the long wetting regime of
the Kent planting. Additional natural wet-
ting occurred after treatments were applied
(approximately 5 mm), but prior to harvest
in the Jewel planting. In Florida, tempera-
tures were most favorable for infection and
disease development in 2005. In 2004, a
significant rain event occurred approxi-
mately 2.5 days after the 24-h post-
inoculation fungicide application of pyra-
clostrobin. In this case, additional applica-
tions of pyraclostrobin were applied to the
4- and 24-h treatments as in the initial
treatments. That is, the 4-h treatment re-
ceived another application of pyraclos-
trobin 4 h after the rain had ceased, and the
24-h treatment received an application 24
h after the rain had ceased. The 8-h treat-
ment did not receive another application.

With one exception, the incidence of an-
thracnose in the untreated controls at both
locations always was significantly greater
than the incidence in the pyraclostrobin-
treated plots subjected to either a long or
short wetting event (Fig. 4). The exception
was in the ‘Kent’ planting for the 8-h post-
infection treatments in the short and long
wetting period regimes (Fig. 4A). In Flor-
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Fig. 2. Incidence and standard error of anthracnose on total strawberry fruit inoculated with Colleto-
trichum acutatum and treated with pyraclostrobin 3, 8, 24, or 48 h before inoculation (bars with white
background) or 3, 8, 24, or 48 h after inoculation (bars with gray background) and exposure to the wetting
period in a laboratory experiment. Values represent means over the 12 temperature—wetting period dura-
tions. The black bar shows the incidence of anthracnose in the untreated, inoculated control.
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ida, post-infection-period treatments per-
formed slightly better than the protective
treatments in the planting of ‘Camarosa’, a
highly susceptible cultivar (Fig. 4C). For
the less susceptible cvs. Strawberry Festi-
val (Florida) and Jewel (New York), pre-
and post-infection-period treatments per-
formed similarly under the short and long
wetting period (Fig. 4B and D).

DISCUSSION

Results of this study clearly showed the
high level of control that can be expected
with post-infection-period applications of
pyraclostrobin. Under controlled-climate

conditions, post-infection-period applica-
tions provided significant control when
made within 3 h and often up to 8 h after a
wetting event, but generally were less ef-
fective than protective sprays. Under field
conditions, the level of control was better
than anticipated. With the exception of the
‘Kent’ planting, anthracnose fruit rot was
managed to levels statistically equivalent
to or less than that achieved with protec-
tive applications. In the Kent planting,
conditions for disease development were
exceptionally favorable and only post-
infection-period applications applied at 4 h
after the wetting event reduced disease

incidence below that of the untreated con-
trol.

Most published guidelines for anthrac-
nose management recommend that fungi-
cides be applied on a calendar-based
schedule. This is the most conservative
approach for managing anthracnose and
the one most widely adopted. Ideally, ap-
plications should be made only prior to
significant wetting or rain events rather
than on a calendar-based schedule. This
recommendation is difficult to follow,
particularly in the eastern United States,
where wetting events during fruit set and
harvest are associated with sporadic thun-
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Fig. 3. Environmental conditions from inoculation through harvest for the field trials conducted in A, Geneva, NY (2004), B, Dover, FL (2004), and C, Do-
ver, FL (2005). The solid line represents hourly temperature; the bars represent rainfall in millimeters. The duration of artificial wetting is shown as a thick-
ened, horizontal black line for the variety and wetness duration (short or long) indicated on the figure. Inoculations occurred at the beginning. The shaded
circles indicate the timings of fungicide applications. The filled diamonds represent harvest dates. The asterisks in B represent additional fungicide applica-

tions made in response to natural wetting.
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derstorms that are difficult to predict. Our
study indicates that for short wetting
events, such as those associated with sea-
sonal thunderstorms, growers have the
option of waiting until the wetting event
occurs before applying pyraclostrobin and
can expect to achieve control equivalent to
a protective spray of pyraclostrobin when
applied within 8 h of the end of the wetting
event. For the most resistant cultivars
(Jewel and Festival), post-infection appli-
cations could be made up to 24 h after the
end of the wetting event. Over the course
of a season, this approach likely would
lead to fewer and better-timed fungicide
applications, particularly in drier seasons.
The strobilurin fungicides act by inhibit-
ing cellular respiration (1). Effectively, this
prevents spore germination, making them
excellent protective fungicides, and also
offers curative activity (i.e., after infection
but prior to symptom development)
through the inhibition of mycelial growth
(1). The strobilurins are not known to pos-
sess good antisporulant or eradicant activ-
ity. Given their activity, they generally are
recommended to be applied just prior to or
shortly after an infection (1). Applications
made shortly after an infection event likely
take advantage of the protective as well as
the curative properties of the strobilurins,
particularly for wetting events of short

duration. This is because it is likely that
many of the dispersed spores would not
have germinated by the end of the wetting
period. The post-infection activity demon-
strated here is not unique to pyraclos-
trobin. Azoxystrobin, the only other stro-
bilurin registered for use on strawberry,
has a similar mode of action and would
likely have comparable post-infection
activity. However, in wheat and barley it
has been shown that azoxystrobin is more
effectively redistributed than pyraclos-
trobin, has greater mobility within xylem
vessels, and exhibits translaminar move-
ment (1). It is unknown if azoxystrobin
shows similar behavior in strawberry or
whether those properties adversely impact
efficacy.

Additional choices for control of an-
thracnose are limited to treatments of the
prepackaged mixture of fludioxonil and
cyprodinil (Switch 62.5WG, as a 2(ee)
recommendation in FL, MD, DE, VA, and
WYV) and the prepackaged mixture of Cap-
tan and Elevate (CaptEvate 68 WDG).
Captan (Captan 80WDG) and thiophanate-
methyl (Topsin-M 70WP) are labeled for
use on strawberry and have activity against
anthracnose, but are not labeled specifi-
cally for anthracnose. It is difficult to
speculate on the post-infection activity of
these fungicides based on results of this

study, although it can be assumed that
strictly protective fungicides, such as cap-
tan, will have no post-infection activity
whereas other systemic fungicides will. We
currently are evaluating the post-infection
activity of other fungicides registered on
strawberries. In citrus, post-infection ap-
plications of benomy! (similar to thiophan-
ate-methyl) up to 48 h after inoculation
reduced the severity of postbloom fruit
drop, caused also by C. acutatum, although
they did not reduce spore germination
(23).

One of the risks associated with apply-
ing fungicides post-infection is accelera-
tion of the development of fungicide resis-
tance (11,13,24). This has been shown to
occur with demethylation-inhibiting (DMI)
fungicides, for which the standard use of
post-infection applications has been cited
as the cause of sensitivity shifts and the
development of resistance by the apple
scab pathogen, Venturia inaequalis
(12,14,28). However, it is unclear if the
rate at which resistance develops is a func-
tion of the elapsed time between the end of
an infection event and the application of a
fungicide. That is, will resistance develop
at a slower rate if the application is made 8
versus 48 h after an event? It also is un-
clear whether reducing the total number of
applications or amount of fungicide ap-

0.8 Kent 0.8 Jewel
™ . T A . Z ] 24 h wetting B
~ 8 h wetting
g 0.6 B T 06 |
5
S 04 ' 0.4
Q 4 |
S A c B AB B “1 o {
8 0o I ] L B, | ./ B ® B B B
2 “llla | LE B AB B “ 1M 4 5 5 5 g
ﬂ - T - | - - = -_— —_ 3
0.0 - - | 00 | N S . o
Utc  -18 4 8 24 uUTC 18 4 8 24
03 Camarosa s Festival
s C| | D
3 | 1
£ 0.2 L 0.2
S A T B c c BC
(&} |
= = :
2 011 A B [o; C | o011 |[A B B B B
& | T T ! T T
%) ! B | LT _ -
a | 3 i BN E ’ B B B
0.0 | 0.0 | L= =
UTC -24(-16) 4 8 24 UTC -24(-16) 4 8 24

Application timing (hr)

Fig. 4. Incidence and the standard error of anthracnose in plots treated with pyraclostrobin 16, 18, or 24 h before inoculation or 4, 8, and 24 h after exposure
to a short (8 h, hatched bars) or long (24 h, solid bars) wetting period. A, ‘Kent’ grown in Geneva, NY (2004); B, ‘Jewel’ grown in Geneva, NY (2004); C,
‘Camarosa’ grown in Dover, FL (2004); and D, ‘Strawberry Festival’ grown in Dover, FL (2005). Treatments sharing the same letters and typeface are not
significantly different from each other according to the PDIFF option of PROC MIXED (P = 0.05). UTC = untreated control.
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plied during the season, or reducing the
number of applications used post-infection
is more beneficial in delaying the devel-
opment of resistance. These questions need
to be addressed to improve recommenda-
tions for the post-infection use of fungi-
cides with curative activity.

One of the benefits of applying fungi-
cides post-infection is that fungicides are
used only when necessary, which could
reduce substantially the amount of fungi-
cide applied in a season. A serious problem
that growers have with “reactive” spraying
is the short response time from the end of
an infection event to the time when a fun-
gicide must be applied to be as effective as
a protective spray. Generally, growers are
uncomfortable leaving their crop unpro-
tected until an infection event has passed.
Their major concerns are whether they can
respond quickly enough after a rain event,
whether the field will be drivable after the
rain has fallen, and missing an infection
event (e.g., when rainfall occurs during
nighttime hours). Therefore, in some situa-
tions, a protective, calendar-based schedule
is the appropriate choice. However, there
clearly are instances where judicious ap-
plications are necessary (e.g., during pick-
ing, particularly in U-pick operations). The
development of a forecaster that integrates
our knowledge of the environmental condi-
tions suitable for the development of an-
thracnose (30) with the knowledge of fun-
gicide efficacy may give growers
additional time to plan fungicide applica-
tions. In citrus, a forecaster for postbloom
fruit drop, caused by C. acutatum, has
been developed and widely adopted (22).

The strobilurin fungicides generally are
considered the most effective materials
against anthracnose fruit rot, particularly in
the eastern and midwestern United States,
although captan applied on a strict calen-
dar spray schedule for gray mold control
has been very effective for control of an-
thracnose in Florida (17,21). In that state,
Botrytis gray mold is a problem primarily
during the cooler months of the production
season (January and February), whereas
anthracnose is more significant later in the
season, when temperatures are warmer
(March). If models are developed for both
diseases, then fungicides with more spe-
cific activity against each disease could be
applied at different seasons. Thus, routine,
precautionary sprays with broad-spectrum
fungicides could be avoided and a more
targeted approach to disease management
could be developed.
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