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Timing of Fungicide Applications for Botrytis cinerea Based on Development Stage 
of Strawberry Flowers and Fruit 

J. C. Mertely, S. J. MacKenzie, and D. E. Legard, University of Florida, Gulf Coast Research and Education 
Center, 13138 Lewis Gallagher Road, Dover 33527 

Botrytis fruit rot, caused by the fungus 
Botrytis cinerea Pers.:Fr., is an important 
disease of strawberry in both annual and 
perennial cropping systems. B. cinerea 
produces large, brown lesions, typically at 
the stem end of ripening fruit (23,27). The 
fungus sporulates in the presence of free 
water (26), covering lesions with a gray 
mass of conidia and conidiophores. During 
commercial harvest operations, visibly 
infected fruit are either left on the plant or 
picked and discarded in the field. These 
preharvest losses to Botrytis fruit rot may 
reach or exceed 50% during epidemics in 
commercial fields (9,11) and experimental 
studies (20,29). B. cinerea also causes 
significant losses during shipping and mar-
keting (7), making it one of the most eco-
nomically important pathogens of straw-
berry. 

Botrytis fruit rot is usually initiated by 
germinating conidia that infect strawberry 
flowers (6,11,23). Conidia are produced in 
large quantities on dead and dying foliage 

throughout the growing season (4). In an-
nual production systems with multiple 
flowering cycles and an extended harvest 
period, conidia produced on diseased rip-
ening fruit and small, mummified fruit 
may contribute to inoculum buildup during 
epidemics (28). Newly opened flowers are 
highly susceptible to B. cinerea (13,28). 
Infection is favored by moderate tempera-
tures (15 to 25°C), high humidity, and 
prolonged surface wetness (6,29). These 
environmental conditions are conducive to 
rapid germination and penetration of pis-
tils, petals, and stamens (5,12,13,23). The 
fungus grows rapidly through the anther 
and filament of the stamen, but more 
slowly through the stigma and style of the 
pistil (5). Stamens are considered the prin-
cipal infection court leading to Botrytis 
fruit rot (23,24). Following penetration, B. 
cinerea colonizes the infected flower part 
or may become quiescent (5,23). As the 
fruit matures, the pathogen invades the 
receptacle, and lesions become visible on 
the stem end of the fruit (5,23). 

Fruit infections are also associated with 
adhering petals and direct contact with 
other diseased fruit (11,25,28). In Florida, 
most strawberry petals abscise and fall 
away from the fruit within a week after 
anthesis (J. C. Mertely, unpublished data). 
However, some petals adhere to the surface 
of the receptacle or become lodged under 
the calyx, remaining in contact with the 
fruit surface indefinitely (11). Botrytis 

infections have been observed originating 
from adhering petals (11; D. E. Legard, 
unpublished data). Necrotic adhering pet-
als retain moisture and represent a sapro-
phytic food base, which may facilitate 
direct colonization of the receptacle by the 
fungus (11,23). Healthy fruit also can be 
infected through direct contact with dis-
eased fruit in the field or in storage con-
tainers (3,18,25,28). Direct infection of 
intact fruit by germinating conidia is rare 
(11,23). However, wounded fruit inocu-
lated with 1 × 106 conidia per ml showed 
“appreciable lesion development” after 7 
days storage at 5°C (25). 

Given the importance of flowers in the 
infection process, proper timing of fungi-
cide applications is essential for successful 
chemical control of Botrytis fruit rot. Fun-
gicides should be applied when strawberry 
plants are flowering. In perennial systems, 
this is a relatively short period lasting from 
2 to 4 weeks in the spring. The efficacy of 
fungicide applications during this period 
has been validated by comparing bloom 
applications to untreated controls, and to 
programs of longer duration. Bloom appli-
cations reduced the incidence of Botrytis 
fruit rot (1,2,21,29) and often controlled 
the disease as well as application programs 
extending into the fruiting and harvest 
periods (1,2,15,29). Bennett (2) found that 
three or four applications of chlorothalonil 
or dichlofluanid controlled Botrytis fruit 
rot better than two, but all applications 
were made during the flowering period. 
Bloom applications have also been associ-
ated with reductions in postharvest Botrytis 
fruit rot, but less consistently than in pre-
harvest studies (8,14,21). 

In annual winter production systems in 
Florida, the control of Botrytis fruit rot is 
complicated by a lengthy flowering period 
that begins in October or November and 
continues until the end of harvesting in 
March or April. During a typical season, 
the majority of fruit originate from two 
peak bloom periods. For cultivar Sweet 
Charlie, the first peak extends from late 
November to mid-December, and the sec-
ond from mid-January to mid-February. 
When fungicide applications are restricted 
to these peak bloom periods, Botrytis dis-
ease control is less than optimal (20). 
Weekly applications of captan or thiram 
over the entire growing season (16 to 22 
applications) controlled preharvest and 
postharvest Botrytis fruit rot better than 
four applications of iprodione during the 
peak bloom periods (3,20). However, two 
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applications of iprodione during the second 
bloom period significantly reduced prehar-
vest disease and increased yields during the 
latter half of the season (20). In other ex-
periments, late-season bloom applications 
of iprodione also reduced the incidence of 
postharvest disease (3). 

Fungicide efficacy trials on strawberry 
are typically conducted by spraying plots 
repeatedly during the flowering and fruit-
ing period. Treatments are customarily 
applied on calendar schedules; so optimum 
spray intervals are rarely determined. Oc-
casionally, the number and timing of appli-
cations are manipulated to identify periods 
in the crop cycle when fungicide applica-
tions are effective. Unfortunately, these 
experiments do not identify developmental 
states of strawberry flowers and fruit that 
benefit most from fungicide protection. 
Such epidemiological information is essen-
tial for the improvement of Botrytis fruit 
rot management programs, especially in 
annual strawberry. 

In this study, fungicide efficacy was 
evaluated in relation to strawberry flower 
and fruit development by applying fen-
hexamid to individual flowers and fruit in 
the field at specific intervals after anthesis 
(flower opening). The hydroxyanilide fun-
gicide fenhexamid was used as a represen-
tative protectant fungicide (17). Petal re-
moval and emasculation were also carried 
out to test the relative importance of petals 
and other flower parts as potential infec-
tion courts. A preliminary report of this 
research has been published (22).  

MATERIALS AND METHODS 
Field experiments were carried out dur-

ing the 1999-2000 and 2000-2001 straw-
berry growing seasons at the University of 
Florida’s Gulf Coast Research and Educa-
tion Center in Dover. Similar cultural prac-
tices were employed both seasons. Land 
preparation began in September with rota-
vation of the soil and incorporation of 
6:2:8 starter fertilizer broadcast at 570 
kg/ha. Beds (15 to 18 cm tall and 75 cm 
wide on 1.2-m centers) were formed, fu-
migated with a mixture of 67% methyl 
bromide and 33% chloropicrin at 350 
kg/ha, and covered with black plastic 
mulch over drip irrigation tape. 

In October, bare-root runner plants from 
Canada were transplanted into two offset 
rows per bed. The rows were 30 cm apart, 
with plants set 38 cm apart within the 
rows. To facilitate establishment, overhead 
sprinklers irrigated the plants during the 
day for 10 to 12 days following transplant. 
Cultivar Sweet Charlie was used in all 
experiments because it is highly suscepti-
ble to Botrytis fruit rot and grown exten-
sively in Florida (19). After establishment, 
irrigation and fertigation were provided 
twice weekly through drip tape, and freeze 
protection was provided by overhead 
sprinklers when necessary. Overhead 
sprinklers were also used occasionally to 

enhance disease development during dry 
periods. Spider mite and insect populations 
were monitored by a scouting program and 
controlled by the application of predatory 
mites, miticides, and insecticide sprays. 
During the 1999-2000 season only, ex-
perimental areas were treated with captan 
(Captan 80WP; 3.4 kg a.i./ha in 940 liters 
of water per ha) on a weekly schedule until 
2 weeks before the start of the bloom 
treatments.  

During the first experiment of the 1999-
2000 season, individual flowers and fruit 
were treated with fenhexamid (Elevate 
50WDG; 0.9 g a.i./liter) by spraying to 
runoff with a plastic misting bottle. In 
subsequent experiments, fenhexamid was 
applied with a hand-held, aerosol sprayer 
(Preval Sprayer, Precision Valve Corpora-
tion, Yonkers, NY), which appeared to 
improve coverage and reduce spray vol-
ume. Spraying to runoff with this device 
required approximately 0.25 ml per flower 
and up to 0.60 ml per older fruit. The fol-
lowing treatments were evaluated in 1999-
2000 and 2000-2001: (i) an untreated con-
trol; (ii) fenhexamid applied at anthesis (0 
days); (iii) fenhexamid applied 3 days after 
anthesis (DAA) (2000-2001 only); (iv) 
fenhexamid applied 7 DAA; (v) fen-
hexamid applied 14 DAA; (vi) fenhexamid 
applied weekly from anthesis to harvest (0, 
7, 14, and 21 DAA) (1999-2000 only); 
(vii) petal removal 7 DAA (1999-2000) or 
3 to 4 DAA (2000-2001); and (viii) emas-
culation, i.e., manual removal of a circular 
ring of tissue including sepals, petals, and 
stamens from the base of the flower with 
forceps (10) 3 to 4 DAA (2000-2001 only). 

1999-2000 season. Six treatments were 
evaluated in three replicate experiments 
during the 1999-2000 season. The experi-
ments were conducted in separate blocks of 
‘Sweet Charlie’ planted between 11 and 18 
October 1999. The blocks were five to 
seven beds wide and 45 m long. Each ex-
periment was initiated by locating and 
tagging 300 flowers, each on a different 
plant in the experimental block. Flowers 
were tagged within 24 h of flower opening 
by attaching sequentially numbered mer-
chandise tags (2.8 × 4.4 cm) to the pedicels 
with their accompanying cotton strings. 
Fifty flowers were assigned to each treat-
ment using a random number table. 

Flowers for the first experiment were 
tagged on 8 December 1999 during the 
first bloom period. Fruit developing from 
these flowers were examined 7 DAA, 14 
DAA, and at harvest to determine when 
symptoms of Botrytis fruit rot were visible. 
Harvesting began on 30 December with the 
first appearance of ripe fruit and continued 
at 2-day intervals until 3 January, when all 
the fruit had been picked. Healthy pink to 
red fruit and diseased fruit at any develop-
mental stage were picked during each har-
vest. Harvested fruit were classified into 
three categories: healthy (undamaged and 
lesion free); damaged (injured by birds, 

insects, or pathogens other than B. cine-
rea); or diseased (with lesions caused by B. 
cinerea). The interval from anthesis to 
harvest was recorded for each healthy fruit. 
Diseased fruit were examined under a dis-
secting microscope to confirm the presence 
of Botrytis conidiophores and conidia. 
When sporulation was lacking, fruit were 
placed in a humidity chamber, incubated 
for two diurnal cycles of 16 h light (20°C) 
and 8 h darkness (16°C), and reexamined. 

The second and third experiments were 
initiated during the second bloom period 
on 2 and 14 February 2000, respectively. In 
experiment three, overhead irrigation was 
applied four times (23 and 24 February, 4 
and 5 March) to encourage disease devel-
opment during a cool, dry period. Harvest-
ing was carried out from 26 February to 3 
March in experiment two, and from 5 to 9 
March in experiment three. The procedures 
followed in these two experiments were 
identical to those in experiment one, except 
for the change to a pressurized aerosol 
sprayer and the use of overhead irrigation 
in experiment three. 

Botrytis fruit rot incidence data from 
1999-2000 were analyzed by logistic re-
gression using the SPSS statistical package 
(SPSS, Inc., Chicago, IL). Logistic regres-
sion was used for these analyses due to the 
binary nature of the response variable ob-
tained from the completely randomized 
experimental design. Since treatment � 
experiment interactions were not signifi-
cant, disease incidence data from the three 
experiments were combined in the analy-
sis. Treatment effects were classified as 
quantitative or qualitative, and each group 
of treatments was analyzed separately. 
Treatment effects related to the quantita-
tive variable time (where t = number of 
days after anthesis when fenhexamid was 
applied) were analyzed with the logistic 
regression model ln(odds) = a + �i + �(t), 
where a is a constant, �i the experiment 
effect, and � the time effect. Treatment 
effects related to qualitative or categorical 
variables (i.e., petal removal, weekly ap-
plications of fenhexamid, and an untreated 
control) were analyzed using the logistic 
regression model ln(odds) = a + �i + �i, 
where a is a constant, �i is the experiment 
effect, and �i is the treatment effect. Model 
fit was assessed using the Hosmer and 
Lemeshow goodness-of-fit test. Condi-
tional probability estimates for petal re-
moval and weekly fenhexamid treatments 
were obtained by contrasts with the un-
treated control. For clarity and ease of 
presentation, Botrytis fruit rot incidence 
was expressed in percent and obtained by 
dividing the number of diseased fruit by 
the total number of healthy, damaged, and 
diseased fruit harvested in each treatment. 

2000-2001 season. Seven treatments 
were evaluated in three replicate experi-
ments carried out in 2000-2001. The ex-
periments were conducted in separate 
blocks consisting of five beds each of cul-
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tivar Sweet Charlie planted on 6, 13, and 
20 October 2000. Tagging and locating 
individual flowers and fruit for observa-
tions and treatment was simplified by or-
ganizing the treatments into a randomized 
complete block design with five replicates, 
each consisting of a single bed. Treatments 
were assigned at random to individual 
plots within a bed. Plot size was deter-
mined by the length of bed needed to pro-
duce 12 newly opened flowers at the be-
ginning of each experiment, with a 
maximum of one experimental flower per 
plant. Plots were separated by 1.5 to 2.0 m 
of bed where no flowers were tagged. Self-
adhesive labels (Tough-Tags, Diversified 
Biotech, Boston, MA) were printed with 
treatment and replicate numbers and at-
tached to the pedicels. Flowers were 
tagged on 6, 14, and 21 February 2001 for 
experiments 1, 2, and 3, respectively. No 
experiments were initiated during the first 
peak bloom due to the relatively low inci-
dence of Botrytis fruit rot that occurred 
during the first experiment of 1999-2000, 
which is typical for this time of the season 
(19). 

Green fruit were examined at 7 and 14 
DAA for visible symptoms of Botrytis fruit 
rot. In experiments 2 and 3, overhead irri-
gation was applied four to five times be-
tween 9 and 18 DAA to accelerate disease 
development when warmer weather was 
anticipated. Harvesting began on 26 Febru-
ary, 6 March, and 14 March and ended on 
2, 12, and 18 March for the first, second, 
and third experiments, respectively. Ripe 
and diseased fruit were picked every 2 
days during the harvest periods. The num-
bers of healthy and diseased fruit, and age 
of healthy fruit at harvest were recorded 
for each plot. Lesions caused by B. cinerea 
were confirmed and disease incidence was 
calculated as in 1999-2000. 

The three experiments from the 2000-
2001 season were combined for analysis 
since there were no significant treatment � 
experiment interactions for the incidence 
of Botrytis fruit rot. Treatments were di-
vided into two groups based on quantita-
tive or qualitative effects and analyzed in 
SAS (SAS Institute, Cary, NC). An analy-
sis of covariance was used to evaluate the 
effects of quantitative treatments (applica-

tions of fenhexamid at 0, 3, 7, and 14 
DAA) and to obtain parameter estimates 
for regressions of disease incidence over 
time. An analysis of variance was con-
ducted on the qualitative treatments (emas-
culation, petal removal, and control) using 
the PROC GLM procedure with experi-
ment, treatment, and replicate as classifica-
tion variables. Multiple comparisons of 
treatment means were made with Fisher’s 
protected LSD. Disease incidence data 
were transformed by an arcsine square root 
expression prior to analysis.  

RESULTS 
1999-2000 season. In 1999-2000, the 

first experiment was initiated during the 
first peak bloom period in December, 
while experiments 2 and 3 began during 
the second peak bloom period in February. 
Seasonal temperatures prevailed, with 
mean daily temperatures averaging 17.0, 
16.6, and 19.5�C during the three respec-
tive experiments. Moderate rainfall (1.1 to 

1.7 cm/day) occurred 7, 10, and 11 DAA in 
the first experiment, while no precipitation 
exceeding 0.5 cm/day occurred during 
experiments 2 and 3. The incidence of 
Botrytis fruit rot was moderate in the first 
experiment and relatively severe in ex-
periments 2 and 3. Disease incidence in the 
untreated controls ranged from 18.8% in 
the first experiment to 48.0% in the third 
(Table 1). 

Disease incidence increased as the time 
after anthesis that fenhexamid was applied 
increased (Table 2). This trend was de-
scribed by a linear regression model, which 
indicated a significant positive relationship 
between Botrytis incidence and time of 
application (P = 0.0001) (Table 3). The 
addition of a quadratic term did not signifi-
cantly improve the model. In the first ex-
periment, the odds of being diseased (i.e., 
the proportion of diseased fruit divided by 
the proportion of healthy fruit) were re-
lated to time by the equation ln(odds) =  
–4.566 + 0.2247(t), where t = number of 

Table 1. Frequency distribution for the appearance of Botrytis fruit rot symptoms in untreated field-grown strawberry fruit at defined intervals after anthe-
sis  

  Botrytis incidence (%)x 

Season Exp. 0 DAA (anthesis)y 0 - 7 DAA 7 - 14 DAA 14 DAA to harvest 

Cumulative  
preharvest  

incidence (%) 

 
Average days  

to harvestz 

1999-2000 1 12/8/99 0.0 16.7 2.1 18.8 23.3 
1999-2000 2 2/02/00 0.0 4.1 28.6 32.7 26.0 
1999-2000 3 2/14/00 0.0 16.0 32.0 48.0 21.4 
2000-2001 1 2/06/01 0.0 0.0 32.7 32.7 20.5 
2000-2001 2 2/14/01 0.0 1.8 26.3 28.1 22.4 
2000-2001 3 2/21/01 0.0 3.4 27.6 31.1 22.0 

x Fruit were examined for symptoms of Botrytis fruit rot 7 days after anthesis (DAA), 14 DAA, and at harvest (20 to 28 DAA). 
y Experiments were initiated on the indicated dates by tagging flowers within 24 h of opening (anthesis). 
z Overall means for all healthy fruit harvested in each experiment. 

Table 2. Effect of fenhexamid applications, emasculation, and petal removal on the incidence of 
Botrytis fruit rot in experiments conducted during the 1999-2000 and 2000-2001 strawberry growing 
seasons 

 Preharvest Botrytis fruit rot incidence (%)x 

Treatment and schedule Exp. 1 Exp. 2 Exp. 3 Season average 

1999-2000 season      
Quantitative treatments     
Fenhexamid, 0 DAAy 2.0 0.0 2.1 1.4 
Fenhexamid, 7 DAA 10.2 6.3 14.0 10.2 
Fenhexamid, 14 DAA 12.8 24.5 51.0 29.4 

Qualitative treatments     
Fenhexamid, weekly 0.0 4.3 0.0 1.4 
Petal removal, 7 DAA 14.6 26.0 21.3 20.6 
Untreated control 18.8 32.7 48.0 33.1 

2000-2001 season     
Quantitative treatments     
Fenhexamid, 0 DAA 1.7 5.3 7.5 4.8 
Fenhexamid, 3 DAA 6.7 14.8 10.8 10.8 
Fenhexamid, 7 DAA 17.0 16.0 21.1 18.0 
Fenhexamid, 14 DAA 27.7 10.3 18.0 18.7 

Qualitative treatments     
Emasculation, 3-4 DAA 9.1 17.3 14.8 13.7 az 
Petal removal, 3-4 DAA 23.2 36.5 22.6 27.4 b 
Untreated control 32.6 28.1 31.1 30.6 b 

x Incidence of Botrytis fruit rot from bloom through harvest, expressed as a percentage of total fruit 
harvested. 

y Days after anthesis when treatments were applied; 0 DAA indicates a treatment applied at anthesis. 
z Values followed by the same letter are not significantly different (P � 0.05) according to a Fisher’s 

protected LSD. 
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days after anthesis that fenhexamid was 
applied. This relationship differed some-
what for experiments 2 and 3, where the 
parameter estimates for the y intercept 
were –4.329 and –3.245, respectively. The 
positive slope indicates increasing disease 
incidence over time, as shown by progres-
sively higher levels of Botrytis fruit rot 
when applications were made 7 and 14 
DAA (Table 2). 

Both qualitative treatments reduced the 
incidence of Botrytis fruit rot compared 
with the untreated control (Table 2). 
Weekly applications of fenhexamid at 0, 7, 
14, and 21 DAA limited disease incidence 
to 1.4%, the same level provided by a sin-
gle application of fenhexamid at anthesis. 
Weekly applications of fenhexamid re-
duced the odds of being diseased to 0.0274 
times the level of the untreated control (P 
= 0.0001) (Table 3). Petal removal reduced 
the odds of being diseased to 0.5146 times 
that in the untreated control (Table 3). 
While the latter reduction was relatively 
small, it was significant (P = 0.0152). 

Strawberry fruit were examined for 
symptoms of Botrytis fruit rot 7 DAA, 14 

DAA, and at harvest. Seven-day-old fruit 
were not visibly diseased, but small, soli-
tary lesions characteristic of Botrytis infec-
tion were observed on 14-day-old fruit. A 
typical lesion occurred at the stem end of 
the fruit and was firm, brown, and lacked 
obvious fungal growth. In the first experi-
ment, 16.7% of the untreated control fruit 
developed symptoms by 14 DAA (Table 
1). An additional 2.1% developed lesions 
after 14 DAA, which were observed at 
harvest. In experiments 2 and 3, the major-
ity of fruit developed symptoms after 14 
DAA. Lesions were observed on these fruit 
at harvest, i.e., 20 to 28 DAA. 

During the 1999-2000 season, the aver-
age time to harvest ranged from 21.4 days 
in experiment 3 to 26.0 days in experiment 
2 (Table 1). Fruit maturation times were 
affected by experiment, i.e., time of season 
when the fruit developed, but not by treat-
ment (data not shown). The largest differ-
ence in maturation time between treat-
ments was 0.3 days. 

2000-2001 season. In 2000-2001, all 
three experiments were initiated during the 
second peak bloom period in February, and 

concluded in March. In Florida, this period 
is typically sunny with low rainfall and 
mild temperatures. No rainfall occurred 
during the first 26 days of the period (6 
February to 3 March). The only significant 
precipitation (4.8 cm) fell on 4 March 
2001, which coincided with the second and 
third experiments. Mean daily tempera-
tures were unusually warm for the first two 
experiments (20.8 and 21.0°C, respec-
tively) and unseasonably cool during the 
third (19.8°C). Surprisingly, disease inci-
dence was fairly uniform, ranging from 
28.1 to 32.6% in the untreated controls of 
the three experiments (Table 2). 

The linear regression model for the inci-
dence of Botrytis fruit rot in the three ex-
periments was highly significant (P = 
0.0074), with a coefficient of determina-
tion (R2) of 0.1913 (Table 4). In partition-
ing the sums of squares, disease incidence 
was significantly affected by treatment, 
i.e., the number of days after anthesis when 
fenhexamid was applied (P = 0.0007). In 
experiment 3, the transformed disease 
incidence (y) was described by the equa-
tion y = 0.2185 + 0.0186(t). Equations for 
experiments 1 and 2 have the same slope as 
reference experiment 3, and y intercepts of 
0.1719 and 0.1836, respectively. Untrans-
formed disease incidence data are reflected 
in these equations. A single application of 
fenhexamid at anthesis reduced the inci-
dence of Botrytis fruit rot to 4.8% over the 
three experiments (Table 2). Delaying the 
initial application of fenhexamid 3, 7, or 14 
DAA leads to progressively higher disease 
incidences. The positive slope of the linear 
regression equations and statistical signifi-
cance of the linear model demonstrate this 
trend. 

Emasculation, petal removal, and con-
trol treatments significantly affected the 
incidence of Botrytis fruit rot (P = 0.0035) 
according to the F test for overall treat-
ment effects. Disease incidence was lowest 
in the emasculation treatment (13.7%) and 
highest in the untreated control (30.6%; 
Table 2). Petal removal did not signifi-
cantly reduce disease incidence in 2000-
2001. 

In 2000-2001, 7-day-old fruit appeared 
healthy, and few 14-day-old fruit were 
visibly diseased (Table 1). Most cases of 
Botrytis fruit rot developed after observa-
tions made 14 DAA and were confirmed at 
harvest (20 to 25 DAA). The average time 
to harvest was 20.5, 22.4, and 22.0 days in 
experiments 1, 2, and 3, respectively. Over 
the entire season, fruit maturation times 
were significantly affected by experiment, 
but not by treatment. The average differ-
ence in time to harvest for the most dispa-
rate treatments was only 0.4 days.  

DISCUSSION 
The efficacy of fenhexamid was signifi-

cantly affected by the developmental stage 
of strawberry flowers and fruit at the time 
of application. A single application to 

Table 4. Results from an analysis of covariance relating Botrytis fruit rot incidence in experiments 
conducted during the 2000-2001 strawberry-growing season to the time of application of fenhexamid 

Sourcey df Sum of squares Mean square F value P � F 

Model 3 0.5963 0.1988 4.41 0.0074 
Error 56 2.5217 0.0450   
Total 59 3.1181    
Experiment 2 0.0235z 0.0117 0.26 0.7714 
Time 1 0.5729z 0.5729 12.72 0.0007 

y Time of fenhexamid application (0, 3, 7, and 14 days after anthesis) was considered a continuous 
covariate in a regression model relating Botrytis fruit rot (arcsine square root transformation of 
disease incidence) to experiment and time. The coefficient of determination (R2) for this model was
0.1913. 

z Type III sum of squares. 

Table 3. Results from logistic regression analyses of Botrytis fruit rot incidence data from experi-
ments conducted during the 1999-2000 strawberry growing season 

 
Factor 

 
Category 

 
Odds ratio 

Wald  
statistic 

 
df 

 
P (factor) 

P (Category  
vs. reference)w 

Quantitative treatmentsx       
Experiment   15.2000 2 0.0005  
 Exp. 1 1.0000 (ref)y     
 Exp. 2 1.2669 0.3084 1  0.5787 
 Exp. 3 3.7453 11.6714 1  0.0006 
Time  1.2520z 38.9425 1 0.0001  

       
Qualitative treatmentsx       
Experiment    2 0.0133  
 Exp 1 1.0000 (ref)     
 Exp 2 2.2969  1  0.0176 
 Exp 3 2.6764  1  0.0046 
Treatment    2 0.0001  
 Control 1.0000 (ref)     

 Fenhexamid 0.0274  1  0.0001 
 Petal removal 0.5146  1  0.0152 

w Probabilities for comparisons of experiment 1 to experiments 2 and 3, and for comparisons of an 
untreated control to treatments involving petal removal or weekly applications of fenhexamid. 

x Separate analyses were performed for treatment effects classified as quantitative (days after anthe-
sis for application of fenhexamid) and qualitative (untreated control, petal removal, and weekly 
fenhexamid applications). 

y ref = reference category for contrasts. 
z Odds ratio for time (1.2520) represents the increase in odds of Botrytis fruit rot for each 1-day 

delay in application of fenhexamid after anthesis. 
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newly opened flowers successfully con-
trolled Botrytis fruit rot, while applications 
to green fruit 7 and 14 DAA were progres-
sively less effective. The reduced efficacy 
of later applications of fenhexamid was 
evident in the positive slopes for regression 
equations describing the relationship be-
tween disease incidence and time of appli-
cation. These results suggest that protec-
tant fungicides should be applied as soon 
as the flowers open or within a few days of 
anthesis to effectively control Botrytis fruit 
rot. 

Susceptibility to Botrytis fruit rot is in-
fluenced by the developmental stage of 
strawberry flowers and fruit (13,23,25). 
Flowers inoculated in the white bud to full 
bloom stage developed more severe lesions 
than those inoculated in the green bud or 
petal drop stage (13). Inoculations of non-
wounded fruit, on the other hand, did not 
cause Botrytis fruit rot (11,25). These stud-
ies suggest that open flowers are the prin-
cipal infection court and explain why fun-
gicide applications to open flowers at 
anthesis are more effective than applica-
tions made to 7- or 14-day-old fruit. 

During the 2000-2001 season, fen-
hexamid was applied 3 DAA to evaluate an 
additional time interval between anthesis 
and 7 DAA. Under Florida growing condi-
tions, 3 DAA corresponds with the begin-
ning of the petal drop stage in cultivar 
Sweet Charlie. By 7 DAA, most petals 
have abscised and the flowers have grown 
into small green fruit (J. Mertely, unpub-
lished data). According to an overall re-
gression equation using the mean y inter-
cept estimates for all three experiments, 
the predicted disease incidence (y) in-
creases from 3.6% when fenhexamid is 
applied at anthesis to 6.0, 10.0, and 19.1% 
when fenhexamid is applied at 3, 7, and 14 
DAA, respectively. Delaying the first ap-
plication even 3 days after flower opening 
increases the predicted level of Botrytis 
fruit rot. Actual disease incidence data 
suggest an even greater increase during this 
interval (Table 2). Control is increasingly 
compromised as the time of application is 
delayed. Therefore, protectant fungicides 
such as fenhexamid should be applied fre-
quently during bloom periods to protect 
susceptible flowers that open on a daily 
basis. Protecting every flower, however, is 
not feasible due to technical problems in 
achieving complete spray coverage. In 
addition, frequent fungicide applications 
are difficult to coordinate with 2- to 3-day 
harvest intervals common in strawberry, 
and undesirable for economic, environ-
mental, health, safety, and regulatory rea-
sons. Research is needed to characterize 
bloom periods, so that a minimum number 
of applications can be timed to protect a 
maximum number of newly opened flow-
ers. Phenological landmarks for predicting 
peak bloom periods are not readily appar-
ent, but may be possible for specific culti-
vars in localized growing regions (12). 

The determination of fungicide spray in-
tervals in strawberry is influenced by 
pathogen(s), cropping systems, environ-
mental factors, label restrictions, and cost. 
However, these experiments and previous 
studies (20) suggest that this interval 
should not exceed 7 days in Florida. Ka-
moen and Jamart (16) also recommended 
frequent applications during flowering 
periods based on rates of penetration of 
strawberry petals by B. cinerea. Other 
investigators have confirmed the efficacy 
of regular fungicide applications during 
bloom periods (1,29). 

Emasculation and petal removal were 
included in this study to test the hypothesis 
that removal of putative infection courts 
would decrease the incidence of Botrytis 
fruit rot. Emasculation was the most effi-
cacious, reducing disease incidence an 
average of 55% compared with the un-
treated control (Table 2). Moreover, the 
efficacy of emasculation may have been 
underestimated, since emasculated fruit 
lack the protection provided by the calyx 
when in direct contact with Botrytis dis-
eased fruit or other infected tissues (J. 
Mertely, unpublished data). Powelson (23) 
emasculated young fruit 5 to 10 days after 
fertilization in the greenhouse and reported 
similar reductions in Botrytis fruit rot. 
Surprisingly, petal removal did not consis-
tently reduce Botrytis incidence in our 
study. Petal removal reduced diseased 
incidence 38% in 1999-2000, but a 10% 
reduction in 2000-2001 was not statisti-
cally significant (Table 2). Most petals 
abscise and fall from the fruit naturally. 
Petals that are colonized by Botrytis and 
trapped under the calyx may initiate infec-
tions but are not the principal cause of 
Botrytis fruit rot. 

The marked reduction in disease inci-
dence produced by emasculation supports 
the hypothesis that stamens play a domi-
nant role in the infection of strawberry 
fruit by B. cinerea (5,13,23). When a 
flower is emasculated, petals, sepals, and 
stamens are removed. Petals probably ac-
count for a relatively small proportion of 
Botrytis fruit rot infections. Sepals are not 
highly colonized (12,23), do not begin 
senescing until after harvest, and are not 
thought to be involved in the infection 
process (28). Stamens, on the other hand, 
are rapidly colonized by B. cinerea 
(5,23). Moreover, higher levels of Botry-
tis fruit rot have been observed in stami-
nate genotypes than in related pistillate 
genotypes, which lack stamens (24). Al-
though emasculation is not a practical 
technique for the control of Botrytis fruit 
rot, the striking efficacy of this practice 
suggests that some stamen characteristics 
may contribute to disease resistance. 
These may include delayed senescence, 
rapid shedding of anthers, or an ability to 
impede movement of the infection 
through the filament into basal tissues of 
the calyx and receptacle. 

Symptoms of Botrytis fruit rot are com-
monly observed as the fruit ripens or after 
harvest (7,23). However, B. cinerea also 
blights strawberry flowers (13) and may 
cause lesions at any stage of fruit devel-
opment (28). No flower blighting was 
observed in our experiments, and relatively 
few fruit were visibly infected 14 DAA. In 
general, symptoms of Botrytis fruit rot 
developed after 14 days, and these were 
observed 6 to 14 days later at harvest. Most 
cases of early symptom expression oc-
curred during experiments 1 and 3 in 1999-
2000 (Table 1). Further studies are needed 
to determine if fruit developing during the 
first bloom period (as in experiment 1) or 
fruit exposed to natural rainfall (experi-
ment 1) or overhead irrigation (experiment 
3) are physiologically predisposed to rapid 
disease development. The latter theories 
are supported by a report of a strong posi-
tive correlation between rainfall during the 
postbloom period and the incidence of 
Botrytis fruit rot (29). 

In this study, experiments were initiated 
by tagging flowers at anthesis and applying 
treatments to individual flowers and fruit at 
defined intervals postanthesis. Starting 
each experiment with newly opened flow-
ers synchronized the chronological age of 
the experimental units and fixed the ex-
perimental period. This design minimized 
the confounding effects of chronological 
age, physiological variability, and changing 
environment, and was successfully used to 
evaluate the relationship between time of 
fungicide application and Botrytis fruit rot 
control. Individual flower evaluations 
could also be used to evaluate and compare 
products for the control of Botrytis fruit rot 
on strawberry. Instead of spraying blocks 
of plants and harvesting fruit for an entire 
season, treatments could be applied to 
individual flowers or fruit and evaluated 
for efficacy at defined intervals after 
treatment or at harvest. This technique may 
have applications in other host–pathogen 
systems for epidemiological research and 
product testing.  
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