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ABSTRACT
Mertely, J. C., Chandler, C. K., Xiao, C. L., and Legard, D. E. 2000. Comparison of sanitation
and fungicides for management of Botrytis fruit rot of strawberry. Plant Dis. 84:1197-1202.

To determine the effects of sanitation on yield and incidence of Botrytis fruit rot (Botrytis cine-
rea) in annual strawberry, replicated experiments were conducted during the 1995-96, 1996-97,
and 1998-99 seasons. Leaf sanitation (removal of senescent and necrotic leaves) and fruit sani-
tation (removal of unmarketable fruit from alleys between beds) were compared to a standard
fungicide control program (weekly applications of captan plus four bloom applications of ipro-
dione) and combined sanitation and fungicide treatments. Leaf sanitation reduced Botrytis fruit
rot incidence from 12.6 to 8.2% over the entire 1996-97 season, and from 17.6 to 11.8% during
the latter half of the 1998-99 season, compared to untreated controls. However, sanitation did
not increase marketable yield. Supplementing fungicides with leaf sanitation or leaf and fruit
sanitation did not improve disease control and frequently reduced yield. Fruit sanitation had no
significant effect on Botrytis incidence or yield. Losses to Botrytis fruit rot in the sanitation
treatments were significantly higher (P < 0.05) than in the fungicide treatments each season;
marketable yields were significantly lower in 1996-97 and 1998-99. Under Florida conditions,
fungicides control Botrytis fruit more effectively and economically than does sanitation.

Additional keywords: cultural control, Fragaria x ananassa

is recommended foBotrytis management
in greenhouse-grown flowers (9) and may
reduceBotrytis incidence in other crops. In
lowbush blueberriesB. cinerea colonized
fruits from sites pruned by mowing more
frequently than by biennial burning (12). In
onion, periodic removal of necrotic leaves
reduced the spore load in experimental
plots and delayed the progress of a leaf
spot caused bB. cinerea (11). In perennial
strawberry, mechanical harvesting fol-
lowed by removal of foliage and fruit from
the field suppressed spore production and
reduced Botrytis fruit rot the following
season (28).

In addition to applying fungicides,
Florida strawberry growers use various
cultural practices to improve disease con-
trol. These practices are based on micro-
climate modification and sanitation. For
example, most growers have changed from
overhead sprinkler irrigation systems to
drip tape. Some growers have adopted

Florida is the principal source of fresh of inoculum for Botrytis fruit rot epidemics wider plant spacing, which has been shown
market strawberries (Fragaria x ananassa (2). Fruit lesions usually appear at the stemto improve disease control (17). Shortly
Duchesne) for the eastern United Statesend of green or ripe fruit and often origi- after plant establishment, necrotic and
from December to March. Strawberries are nate from infected petals, stamens, andsenescent leaves are frequently trimmed
grown in west central Florida as an annual other floral parts (3,22). Under favorable and left in the alleys between beds. Al-
crop on plastic-mulch beds with drip irri- conditions,Botrytis sporulates profusely on though this operation costs approximately
gation. The growing season is character-diseased fruit and adjoining infected $750/ha, growers believe that potential
ized by long periods of leaf wetness, peri- peduncles (10; J. C. Mertelynpublished gains in disease control offset the addi-
odic rains, and mild temperatures, which data). Conidia formed on these tissues tional expense. During harvest operations,
are conducive to Botrytis fruit rot caused contribute to fruit rot epidemics in peren- unmarketable fruit are removed from the
by Botrytis cinerea Pers. In experimental nial ever-bearing and annual strawberries plant canopy and dropped in the alleys.
trials, preharvest losses to Botrytis fruit rot (27). Healthy fruit touching these tissues Some growers completely remove these
ranged from 0.5 to 13% in a standard cap- may also become infected. fruit from the production field. Our study
tan-rovral treatment, and up to 35% in Commercial strawberry cultivars are evaluated the effects of two sanitation
untreated plots (14-16). Postharvest lossesnoderately to highly susceptible to Bo- practices (the removal of senescent leaves
also can be significant (5,13,19) trytis fruit rot (17,18,21). For this reason, and unmarketable fruit), standard fungicide

In perennial strawberriesB. cinerea growers rely on fungicides to protect sus- programs, and combined sanitation and
overwinters as sclerotia and mycelium in ceptible flowers and fruit. In Florida, fun- fungicide programs on Botrytis fruit rot
leaves, petioles, crop debris, straw mulches,gicides are applied more intensively to incidence and marketable yield. Prelimi-
and weeds (1,10,27). Young leaves arestrawberries than to any other food crop nary findings have been published (13,20).
highly susceptible to infections, which (23). The standard control program con-
become latent. As the leaves senesce andists of up to 24 applications of captan or MATERIALSAND METHODS
die, the fungus colonizes the tissues andthiram at weekly intervals for broad-spec-  Horticultural practices. Field experi-
sporulates (1,2). Conidia formed on dying trum disease control. Benomyl and sulfur ments were carried out in 1995-96, 1996-
and necrotic leaves are the principal sourceare applied as needed to control powdery97, and 1998-99 at the University of Flor-
mildew. Iprodione and other fungicides are ida’s Gulf Coast Research and Education
applied during peak bloom periods to im- Center in Dover. During each growing
prove control of Botrytis fruit rot. Even season, land preparation began in Septem-
with such intensive spray programs, Bo- ber with a broadcast application of a 6:2:8
trytis fruit rot can be severe when suscepti- starter fertilizer (570 kg/ha) and rotovation.
ble cultivars are grown (17). Beds measuring 15 to 18 cm tall and 75 cm

The costs associated with a reliance onwide were formed, fumigated with methyl
fungicides have encouraged testing of cul- bromide/chloropicrin (98:2) at 350 kg/ha,
tural methods for Botrytis control. Sanita- and covered with black plastic mulch over
tion, i.e., the physical removal or destruc- drip irrigation tape. In mid-October, green-
tion of infected plant parts and crop debris, top, bare-root plants from Canadian nurs-
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eries were transplanted into the beds and
irrigated by overhead sprinklers for 10
days to facilitate establishment. After es-
tablishment, irrigation and fertigation were
provided twice weekly through drip tape,
and freeze protection was provided by
overhead sprinklers when necessary. Spi-
der mite and insect populations were
monitored by a scouting program and con-
trolled by the application of predatory
mites, miticides, and insecticide sprays.
The experiments were hand-harvested
twice weekly from November or December
to March.

Experimental design. The experiments
were arranged in a randomized complete
block design with three replications in
1995-96 and four replications in 1996-97
and 1998-99. The experiments were con-
ducted in raised beds, 1.2 m apart center to
center. Each bed contained two staggered
rows of plants, 30 cm apart. Each plot
extended across three beds. In 1996-97 and
1997-98, the plots were 3.3 m long by 3.6
m wide and contained 48 plants set 41 cm
apart within the rows. The plots were sepa-
rated by unplanted buffer areas 2 m wide
between plots and 1.2 m wide between
blocks. In 1998-99, the plots were 3.8 m
long by 3.6 m wide and contained 78
plants set 29 cm apart. Adjacent plots were
separated by 1.2-m-wide unplanted buffer
area. To maintain uniform environmental
conditions and promote disease develop-
ment, a moderately susceptible cultivar
(Camarosa) was planted in a single-bed
bordering each block and in 3-m-long plots
capping the ends of each block.

Treatments. In the 1995-96 experiment,
fungicide, sanitation, and a combined fun-
gicide and sanitation treatment were evalu-
ated using the cultivars Oso Grande and

Sweet Charlie in a 3 x 2 factorial experi- leaves immediately following plant estab-
ment (Table 1). The fungicide treatment lishment, (i) monthly removal of necrotic
consisted of captan (3.4 kg a.i./ha) applied and senescent leaves beginning immedi-
weekly from 1 November 1995 through 26 ately after plant establishment, (iii)) re-
March 1996. Iprodione (1.1 kg a.i./ha) was moval of unmarketable fruit from the plot
tank mixed with captan and applied twice alleys during each harvest, and (iv) a com-
(7 days apart) during each of the first two bination of treatments ii and iii. The latter
peak bloom periods, for a total of four treatment was identical to a treatment car-
applications. The fungicides were sus- ried out in 1995-96. The remaining treat-
pended in water and applied by a tractor- ments combined fungicide programs with
mounted boom sprayer at 690 kPa pressurdeaf and/or fruit sanitation to evaluate the
in 940 liters/ha. This treatment simulated potential for additional disease control by
the standard commercial spray program for sanitation practices.
Florida strawberries. Leaves and/or un- In the 1998-99 experiment, eight treat-
marketable fruit were removed in the ments were evaluated using cv. Sweet
sanitation treatments. Necrotic and senes-Charlie (Table 1). The chemical treatments
cent leaves were trimmed once each monthincluded the standard fungicide program
from November to March and removed and a reduced rate program using captan at
from the plots. Small, deformed, and dis- the lowest recommended rate of 1.7 kg
eased fruit were harvested twice weekly a.i./ha. In both treatments, captan was ap-
along with the marketable fruit to obtain plied weekly from 9 November to the end
harvest data and returned to the alleys ofof the season. Due to the reduced distance
the fungicide but not the sanitation treat- between the plots, fungicides were ap-
ments. The combined treatment integratedplied to individual beds using a GO
the standard fungicide program with the backpack sprayer at 310 kPa pressure in
removal of senescent leaves and unmarket-940 liters/ha using a two-nozzle wand.
able fruit. The sanitation treatments included the
In the 1996-97 experiment, 11 treat- removal of senescent leaves, unmarket-
ments were evaluated, including an un- able fruit, or both, as in 1996-97. Leaf
treated control (Table 1). Cultivar Sweet sanitation was carried out in November
Charlie was used exclusively due to its and February, rather than once monthly,
high susceptibility to Botrytis fruit rot (17). to test a more economically feasible
The fungicide treatments included the practice. Treatments combining leaf and
standard fungicide program tested the first fruit sanitation with standard and re-
season and a reduced-rate program conduced-rate spray programs were also
sisting of weekly captan and four iprodione evaluated, as well as an untreated control.
bloom applications at 2.2 and 1.1 kg Data collection and analysis. In each
a.i./ha, respectively. The fungicides were experiment, fruit were harvested twice
applied from 1 November to the end of the weekly from the middle bed of the three
season as described previously. Four sani-beds comprising each plot. Marketable
tation treatments were evaluated: (i) a one-fruit were counted and weighed. Unmar-
time removal of necrotic and senescent ketable fruit were enumerated by category,

Table 1. Treatments evaluated in annual strawberry during the 1995-96, 1996-97, and 1998-99 seasons

Treatments tested!
Trt Cultural control Chemical control 1995-96 1996-97 1998-99
1 None Captan weekly (full rate) + four bloom sprays of iprodioneV X X X
2 Leaf sanitation (1%} Captan weekly (full rate) + four bloom sprays of iprodione X
3 Leaf sanitation (n*) Captan weekly (full rate) + four bloom sprays of iprodione X
4 Fruit sanitatioh Captan weekly (full rate) + four bloom sprays of iprodione X
5 Leaf (nx) and fruit sanitation Captan weekly (full rate) + four bloom sprays of iprodione X X X
6 None Captan weekly (reduced rateyithout iprodione X X
7 Leaf (nx) and fruit sanitation Captan weekly (reduced fatg)hout iprodione X X
8 Leaf sanitation (nx) None X X
9 Fruit sanitation None X X
10 Leaf (nx) and fruit sanitation None X X X
11 None None X X

UIn 1995-96, three treatments were tested with two cultivars (Sweet Charlie and Oso Grande) in a 3 x 2 factorial experg@6+87 land 1998-99,
‘Sweet Charlie’ was the sole test cultivar.

VIn treatments 1 through 5, captan (3.4 kg a.i./ha) was applied weekly from November through March for a total of 20 toa®érapdh addition,
iprodione (1.1 kg a.i./ha) was applied twice during the early stages of each of the first two flowering periods, i.e., 6rDE8ddelsember, 30 January,
and 6 February for ‘Oso Grande’ and 29 November, 6 December, 23 January, and 30 January for ‘Sweet Charlie’ in 1995-96¢12 ®Bemmmber,
10 January, and 17 January in 1996-97; and 17 November, 25 November, 23 December, and 30 December in 1998-99.

Wl eaf sanitation = old, senescent, and necrotic leaves were trimmed from the plants and removed from the plots onceeaftdliglament (1x) or two
or more times during the growing season (nx).

* Fruit sanitation = diseased and unmarketable fruit were removed from alleys between the plots during each harvest. fwtrdaiotdniit sanitation,
culls were returned to the alleys of their respective plots after grading.

Y For treatments 5 and 10, leaf sanitation was carried out two or more times during a season, and fruit sanitation wasdumirigceaah harvest.

21n 1997-98, treatments 6 and 7 received weekly applications of captan at 2.2 kg a.i./ha and four bloom sprays of ipratlikge.atta. In 1998-99,
treatments 6 and 7 received captan alone at 1.7 kg a.i./ha.

1198 Plant Disease / Vol. 84 No. 11



i.e, smadl (<10 g), deformed, or diseased.
Diseased fruit were categorized and enu-
merated by causal agent (e.g., Botrytis sp.,
Colletotrichum sp., etc.). After grading,
unmarketable fruit from treatments that did
not require fruit sanitation were returned to
the alleys of their respective plots. The two
outer beds in each plot were harvested on
the same schedule as the middle bed. Un-
marketable fruit from these beds were
dropped in the alleys, or collected and
removed from the field according to treat-
ment protocol .

Yield and disease incidence data from
both harvests each week were combined
for analysis. Weekly data for the early
season extending from the first harvest to
the end of January, for the late season from
February 1 to the final harvest, and for the
whole season were analyzed by two-way
ANOVA using SAS (SAS Institute, Cary,
NC). Disease incidence (the number of
diseased fruit expressed as a percentage of
the total number of marketable and unmar-
ketable fruit) data were transformed by
arcsine square root prior to analysis. Mean

whole season means for disease incidencel999. In 1995-96 and 1996-97, the inci-

and yield. dence of Botrytis fruit rot peaked at the
same time among all treatments over the
RESULTS entire season. In 1998-99, however, disease

Natural epidemics of Botrytis fruit rot incidence in the fungicide treatments in-
developed in the experiments during eachcreased more slowly and peaked later than
of the three growing seasons. Losses toin the non-fungicide treatments. Neverthe-
Botrytis were significant each season, less, disease incidence declined simultane-
whereas losses to other fruit rot pathogensously in all treatments at the end of the
did not exceed 1%. Across all treatments, 1996-97 and 1998-99 harvest seasons.
Botrytis fruit rot incidence ranged from 0.1  The incidence of Botrytis fruit rot on
to 8.1% in 1995-96, 2.8 to 12.6% in 1996- susceptible cultivar Sweet Charlie differed
97, and 11.8 to 21.4% in 1998-99 (Table significantly among treatments during each
2). During all three seasons, disease levelsof the three seasons (Table 2). In 1995-96,
were lowest in the fungicide treatments when cv. Oso Grande was also tested, Bo-
and highest in the sanitation and untreatedtrytis incidence was less than 1% for that
controls. cultivar. On Sweet Charlie, however, dis-

In 1995-96, Botrytis fruit rot incidence ease incidence in the leaf and fruit sanita-
in the untreated control increased slightly tion treatment (8.1%) was significantly
in December and January and more signifi- higher than in the full fungicide treatment
cantly in February and March, producing a (0.5%). In 1996-97, leaf sanitation and
bimodal pattern (Fig. 1). In 1996-97 and combined leaf and fruit sanitation reduced
1998-99, the disease progress curves werdalisease incidence during the February to
generally more bell shaped (Fig. 1). Dis- March late period, but not the December to
ease incidence was low after planting, January early period (Table 2). Over the
increased to epidemic levels as the seasonsvhole season, disease incidence was re-

separations were made using Fisher’s pro-progressed, and declined sharply before theduced from 12.6% in the control to 8.2% in

tected least significant differenceP (<

final harvests in March. Losses to Botrytis the leaf sanitation treatment and 8.3% in

0.05). Linear contrast analyses were per-fruit rot remained at high levels during the combined leaf and fruit sanitation
formed on selected a priori comparisons of calendar weeks 3 to 9 in 1997 and 1 to 7 intreatment. However, disease incidence in

Table 2. Effects of fungicide and sanitation treatments on Botrytis fruit rot and marketable yield in annual strawberry during the 1995-96, 1996-97, and

1998-99 seasons
Botrytisfruit rot incidence (%)*
Treatment descriptiony Cultivar Early Late Whole Yield (kg/ha)
1995-96 season
Full fungicide (FF) Oso Grande 0.0 02a 02a 17,756
FF+ leaf (nx) and fruit sanitation Oso Grande 0.0 0.1la 0.la 15,922
Leaf (nx) and fruit sanitation Oso Grande 1.1 0.6a 0.7a 17,721
Full fungicide Sweet Charlie 0.3 05a 05a 17,073
FF + leaf (nx) and fruit sanitation Sweet Charlie 0.4 0.5a 05a 17,631
Leaf (nx) and fruit sanitation Sweet Charlie 2.3 9.6b 8.1b 13,179
1996-97 season
Full fungicide Sweet Charlie 45a 26a 28a 24,360 ab
FF + leaf sanitation (1x) Sweet Charlie 7.7 ab 42a 46 a 24,037 abc
FF + leaf sanitation (nx) Sweet Charlie 40a 2.7a 29a 21,839 c
FF + fruit sanitation Sweet Charlie 42a 3.7a 38a 25,061 a
FF + leaf (nx) and fruit sanitation Sweet Charlie 6.4a 28a 34a 22,528 bc
Reduced fungicide (RF) Sweet Charlie 51la 3.2a 35a 24,054 abc
RF + leaf (nx) and fruit sanitation Sweet Charlie 6.7 a 27a 3.3a 23,355 abc
Leaf sanitation (nx) Sweet Charlie 146 ¢ 70b 8.2b 18,905 d
Fruit sanitation Sweet Charlie 16.5¢ 10.1 cd 11.0 bc 19,369 d
Leaf (nx) and fruit sanitation Sweet Charlie 12.8 bc 7.5bc 8.3b 18,602 d
Control Sweet Charlie 19.7 ¢ 11.3d 126 ¢ 18,526 d
1998-99 season
Full fungicide Sweet Charlie 10.3ab 14.8 ab 13.4 ab 21,334 a
FF + leaf (2x) and fruit sanitation Sweet Charlie 79a 14.2 ab 118a 19,673 abc
Reduced fungicide Sweet Charlie 14.4 bc 159 be 15.6 bc 20,021 abc
RF + leaf (2x) and fruit sanitation Sweet Charlie 18.0c 15.0 ab 16.2 bc 19,179 be
Leaf sanitation (2x) Sweet Charlie 28.4d 11.8a 179 cd 17,308 d
Fruit sanitation Sweet Charlie 259d 19.8 ¢ 21.4d 17,889 cd
Leaf (2x) and fruit sanitation Sweet Charlie 26.1d 14.0 ab 18.3 cd 16,127 d
Control Sweet Charlie 26.9d 17.6 bc 20.7d 16,891 d

* Botrytis fruit rot incidence = (number of diseased fruit/total number of fruit) x 100. Botrytis incidence was calculatdueffiost harvest through 31
January (early), from 1 February through the last harvest (late), and for the entire season (whole).

Y Full fungicide (FF) = captan applied at the full label rate of 3.4 kg a.i./ha; reduced fungicide (RF) = captan applied 248 b2full label rate. Leaf
sanitation = old, senescent, and necrotic leaves were trimmed from the plants and removed from the plots once aftelighamrastatNovember
(1x), once in November and February (2x), or once monthly beginning in November (nx). Fruit sanitation = diseased andblmrfrarketare
removed from the alleys between the plots during each harvest. In treatments without fruit sanitation, culls were rétarabelygdf their respective

plots after grading.

Z Within a column and growing season, valued followed by the same letter are not significantly different according to prbitsitet LSD test. Mean
separations were not carried out whre(F test)> 0.05, and are indicated by missing letters.
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the fruit sanitation treatment (11.0%) was
not significantly different from the control.
The incidence of Botrytis fruit rot in the
fungicide treatments (2.8 to 4.6%) was
significantly lower than in the sanitation
treatments or the control. In 1998-99, leaf
sanitation, but not leaf and fruit sanitation,

Botrytis incidence

significantly reduced disease incidence in
the late period (Table 2). Over the entire
season, no significant differences were
found between the sanitation treatments
and the control. However, disease inci-
dence in the fungicide treatments was sig-
nificantly less than in the control.

Combining fungicides with sanitation
did not improve control of Botrytis fruit
rot. In 1995-96 and 1996-97, Botrytis inci-
dence was low in al the fungicide treat-
ments. No significant differences were
found between fungicide treatments and
those combining fungicides with leaf

Marketable yield

60 30
1995-96 season —B—  Full fungicide (FF)
50— ~ 25
—&—  FF + leaf and fruit sanitation
40 —&—  Leaf and fruit sanitation — 20
30

Botrytis fruit rot incidence (%)

60
1996-97 season —B8—  Full fungicide (FF)
50 —o—  FF + leaf and fruit sanitation
—&—  Leaf and fruit sanitation

30

— 25

— 20

Marketable yield (1000 kg/ha)

Control

Control

— 15
— 10

—5

1 1 | | | | | | | I | 0

51 1 3 5 7 9 11
30
—8—  Full fungicide (FF)

—O—  FF + leaf and fruit sanitation - 25
—&—  Leaf and fruit sanitation - 20

Calendar year week

Fig. 1. Weekly incidence of Botrytis fruit rot and cumulative marketable yield for fungicide and sanitation treatments in annual strawberry during the

1995-96, 1996-97, and 1998-99 seasons in Dover, FL.
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and/or fruit sanitation (Teble 2). Similar
results were obtained in 1998-99, when
disease pressure was severe. The incidence
of Botrytis fruit rot in the full- and re-
duced-rate fungicide treatments was not
statistically different from corresponding
treatments combining fungicides with leaf
and/or fruit sanitation. In addition, linear
contrast analysis revealed no significant
differences (P = 0.6026) between fungicide
treatments alone, and combined fungicide
and sanitation treatments (Table 3).
Marketable yields in the sanitation
treatments were generally lower than in the
fungicide and combined fungicide and
sanitation treatments (Table 2). In 1995-96,
however, yields among treatments were not
significantly different (P = 0.1608). In
1996-97, three sanitation treatments and
the untreated control yielded 18,526 to
19,369 kg/ha of marketable fruit. In con-
trast, seven fungicide or combined fungi-
cide and sanitation treatments produced
significantly higher yields (21,839 to
25,061 kg/ha). In 1998-99, the sanitation
treatments and the untrested control
yielded 16,127 to 17,889 kg/ha, whereas
the fungicide and combined treatments
yielded 19,179 to 21,334 kg/ha. Market-
able yield in the leaf sanitation treatment
was less than in the standard fungicide
treatment but statistically equivalent to
three other fungicide treatments in 1998-
99. However, none of the sanitation treat-
ments produced significantly greater yields
than the control in 1996-97 or 1998-99.
Leaf sanitation reduced marketable
yield, particularly when Botrytis fruit rot
was controlled by fungicide applications.
In 1996-97, the full fungicide treatment
yielded 24,360 kg/ha of marketable fruit
(Table 2). Treatments combining full fun-
gicide applications with one cycle of leaf
sanitation, monthly leaf sanitation, or fruit
sanitation combined with monthly leaf
sanitation produced 24,037, 21,839, and
22,528 kg/ha, respectively. Monthly leaf
sanitation reduced yield significantly,
while the other reductions were not signifi-
cant. Fruit sanitation alone did not reduce
yield. In 1998-99, two cycles of leaf and
fruit sanitation reduced yields from 21,334

to 19,673 kg/ha in the full fungicide treat-
ments and from 20,102 to 19,179 kg/ha in
the reduced fungicide treatments. While
these differences were not significant at the
5% level, when analyzed by a linear con-
trast, the two fungicide treatments pro-
duced higher yields than corresponding
treatments combining fungicides with
sanitation (P = 0.0558, Table 3).

DISCUSSION

Leaf sanitation, i.e., the removal of se-
nescent and necrotic leaves from straw-
berry plants, reduced the incidence of Bo-
trytis fruit rot in experiments carried out in
1996-97 and 1998-99. However, the re-
ductions were relatively small compared to
standard fungicide programs, and when
fungicide treatments were supplemented
with leaf sanitation, disease control was
not improved. Leaf sanitation also reduced
marketable yield, which offset gains from
the reduction in Botrytis incidence. The
remova of culled fruit from between the
beds did not affect the incidence of Bo-
trytisfruit rot.

At the beginning of this study, we hy-
pothesized that leaf sanitation would re-
duce the incidence of Botrytis fruit rot.
This hypothesis was based on research
showing that canopy remova during ma-
chine harvest reduced potential sporulation
of B. cinerea and incidence of Botrytis
fruit rot in perennial strawberry (28). An
aternate hypothesis was proposed for
grapes, in which Botrytis bunch rot is sig-
nificantly reduced by the removal of leaves
around fruit clusters (6,25). English et al.
attributed the reduction to changes in mi-
croclimate, and recorded increased wind
speeds in the modified canopies (6). How-
ever, he was unable to find clear relation-
ships between microclimatic variables and
disease development. In our study, the
strawberry plants were smal and well
separated when the first leaf sanitation
operation was carried out. Later operations
removed relatively small amounts of tissue
compared to the total mass of foliage pres-
ent. Itisunlikely that leaf sanitation caused
a significant change in microclimate. Nev-
ertheless, leaf sanitation produced statisti-

caly significant reductions in disease inci-
dence. These reductions were probably
caused by the removal of substrate for
inoculum production.

A polycyclic disease such as Botrytis
fruit rot may be controlled by the suppres-
sion of initial or secondary inoculum. In
annua strawberry, the primary sources of
initial inoculum are the transplants them-
selves or alternative hosts outside of the
field. B. cinerea is a ubiquitous necrotroph
that colonizes a wide range of hosts (7,27).
Conidia of B. cinerea are commonly found
in the atmosphere (8). Windborne spores
from exogenous sources could initiate an
epidemic in a field of clean plants. How-
ever, strawberry transplants are usually
infected in the nursery. In 1997, 12 to 66%
of the transplants sampled from Canadian
nurseries supported latent infections of B.
cinerea in the leaves and petioles (4). In
our experiments, senescent and necrotic
leaves formed in the nursery were removed
during the first leaf sanitation operation. In
subsequent operations, senescent and ne-
crotic leaves produced after planting (i.e.,
potential sources of secondary inoculum)
were removed.

While leaf sanitation sometimes reduced
Botrytis fruit rot incidence, the level of
control was aways less than that provided
by the standard fungicide treatment. Two
factors may account for the relatively low
efficacy of leaf sanitation. One involves
the timing of the sanitation operation.
After the plants are set in October, the crop
is irrigated heavily for 10 to 14 days by
overhead sprinklers  to  facilitate
establishment.  This period is highly
favorable to the spread of B. cinerea, since
high humidity and free moisture promote
sporulation and infection (2,24). As soon
as 3 days after transplant, B. cinerea
sporulated on necrotic leaves and petioles
(J. Mertely, unpublished data). This
inoculum is produced in close proximity to
newly emerging leaves, which are highly
susceptible to infection (2). After these
new leaves senesce in February and March,
another cycle of inoculum production
begins, which coincides with an increase in
fruit production and the incidence of

Table 3. Probability values for linear contrast analyses of marketable yield and incidence of Botrytis fruit rot in annual strawberry during the 1996-97 and

1998-99 seasons

Probability (yield)

Probability (% Botrytis)

Treatment comparisons 1996-97 1998-99 1996-97 1998-99
(Leaf sanitation™ + leaf and fruit sanitation*) vs. controlY 0.8238 0.8215 0.0068 0.1956
All sanitation treatments vs. control 0.6534 0.7634 0.0227 0.4485
All sanitation treatments vs. reduced fungicide? 0.0001 0.0005 0.0001 0.0465
All sanitation treatments vs. full fungicide 0.0001 0.0001 0.0001 0.0019
Full fungicide (FF) + reduced fungicide (RF) vs. FF with leaf and fruit 0.1346 0.0558 0.8362 0.6026

sanitation + RF with leaf and fruit sanitation

WL eaf sanitation = old, senescent, and necrotic leaves were trimmed from the plants and removed from the plots once monthly after plant establishment in

November (1996-97 season), or once in November and once in February (1998-99 season).

* Fruit sanitation = culled fruit were removed from alleys between the plots during each harvest. In treatments without fruit sanitation, culls were returned
to the alleys of their respective plots after grading.

Y Control plots were not sprayed with fungicides or subjected to leaf or fruit sanitation.
2 Reduced fungicide = captan applied at 1/2 to 2/3 of full label rate of 3.4 kg a.i./ha
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Botrytis fruit rot. A similar disease cycle
has been reported in North Carolina (4). To
minimize infection of emerging leaves
during the establishment period, it may be
necessary to remove broken, necrotic, and
senescent leaves just after transplanting
rather than after establishment. Another
problem associated with leaf sanitation
involves production of inoculum on other
plant parts. Flowers, fruit, peduncles, and
crowns may also be infected (26,27) and
serve as additional sources of inoculum. In
these experiments, senescent leaves and
cull fruit left in the aleys were removed
from the field during leaf sanitation and
fruit sanitation operations, respectively.
The removal of other infected tissues (e.g.,
small, mummified fruit and blighted
peduncles) was not attempted and would
not be feasible in a commercia operation.

Yield reduction is another problem asso-
ciated with the use of leaf sanitation to
control Botrytis fruit rot. While leaf sani-
tation (or combined leaf and fruit sanita-
tion) provided no additional disease control
when fungicides were applied, they fre-
quently depressed yields in the absence of
high levels of Botrytis fruit rot. In atypica
sanitation operation, many leaves were
removed, including some which were in
the early stages of senescence but il
partially green. This loss of photosyntheti-
caly active tissues and potential reserves
of mobile nutrients may explain the yield
reductions. Freguent, selective pruning
would have been more desirable, since the
elimination of photosynthetically active
tissues would be minimized. However,
multiple leaf sanitation operations are im-
practical due to the costs involved, i.e., an
estimated $750/ha for the initial leaf sani-
tation and higher amounts for subsequent
operations when the plants are larger and
labor is in short supply. Given these con-
straints, strawberry growers in most pro-
duction areas seldom carry out more than a
single leaf sanitation operation and rely on
other cultural practices and fungicides for
disease control.

In Florida, a number of growers trim se-
nescent and necrotic leaves from their
strawberry plants. Leaf sanitation is carried
out shortly after plant establishment, a
period usualy coinciding with the initia-
tion of regular fungicide sprays. In our
study, Botrytis fruit rot control was not
improved when leaf sanitation was com-
bined with a standard fungicide spray pro-
gram. In addition, marketable yields were
depressed. A few growers aso remove
unmarketable fruit from the alleys between
the beds in the production field. While fruit
sanitation may reduce overal inoculum
levels in the field, statistically significant
reductions in Botrytis fruit rot incidence
did not occur. Another sanitation practice,
the removal of diseased fruit from plants
within the beds, was routinely carried out
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in our study. These fruit were dropped in
the aleys between the beds, smulating
commercial harvest practices. Theoretica
considerations, i.e., the proximity of the
inoculum source to the infection court,
support this practice. Further support
comes from empirical observations of dis-
ease spread by fruit to fruit contact (27; D.
Legard, unpublished data). However, the
putative benefits of this practice should be
evaluated experimentally.

In our study, a standard fungicide spray
program costing approximately $1,400/ha
(23) produced the lowest incidence of Bo-
trytis fruit rot and the highest yield. When
fungicides were applied, leaf sanitation did
not improve disease control and often re-
duced yield. In the absence of fungicides,
Botrytis incidence was reduced by two or
more leaf sanitation operations costing an
estimated $750/ha each. However, an ex-
pected increase in yield did not occur and
may have been offset by the loss of photo-
synthetically active tissues. Fruit sanitation
alone had no effect on Botrytis incidence
or yield. Based on these results, neither
leaf sanitation nor fruit sanitation can be
recommended for Botrytis control in an-
nua strawberry in Florida. However, leaf
sanitation may have practical applications
on organic farms, or in systems requiring
reduced fungicide use. Further work is
needed to quantify the benefits of leaf
sanitation in these situations, and to deter-
mine the optima number and timing of
these operations.

ACKNOWLEDGMENTS

We thank L. Smith, D. Wenzel, K. Burke, A.
Whidden, S. Statton, A. Thurgeau, and C. Manley
for their invaluable assistance during this study.

LITERATURE CITED

1. Braun, P. G., and Sutton, J. C. 1987. Inoculum
sources of Botrytis cinerea in fruit rot of
strawberries in Ontario. Can. J. Plant Pathol.
9:1-5.

2. Braun, P. G., and Sutton, J. C. 1988. Infection
cycles and population dynamics of Botrytis
cinerea in strawberry leaves. Can. J. Plant
Pathol. 10:133-141.

3. Bristow, P. R., McNicol, R. J., and William-
son, B. 1986. Infection of strawberry flowers
by Botrytis cinerea and its relevance to grey
mould development. Ann. Appl. Biol.
109:545-554.

4. Butler-Carver, L. M., and Fernandez, G. E.
1998. Gray mold development in annua
strawberry  production systems. (Abstr.).
Phytopathology 88:S5124.

5. Ceponis, M. J,, and Butterfield, J. E. 1973.
The nature and extent of retail and consumer
losses in apples, oranges, lettuce, peaches,
strawberries, and potatoes marketed in greater
New York. U. S. Dep. Agric. Market Res.
Rept. No. 996. Washington, DC.

6. English, J. T., Thomas, C. S., Marois, J. J.,
and Gubler, W. D. 1989. Microclimates of
grapevine canopies associated with leaf re-
moval and control of Botrytis bunch rot.
Phytopathology 79:395-401.

7. Far, D. F, Bills, G. F, Chamuris, G. P,
Rossman, A. Y. 1989. Fungi on Plants and
Plant Products in the United States. American

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Phytopathological Society, St. Paul, MN.

. Gregory, P. H., and Hurst, J. M. 1957. The

summer air-spora at Rothamsted in 1952. J.
Gen. Microbiol. 17:135-152.

. Hausbeck, M. K., and Moorman, G. W. 1996.

Managing Botrytis in greenhouse-grown
flower crops. Plant Dis. 80:1212-1218.

Jarvis, W. R. 1962. The epidemiology of
Botrytis cinerea Pers. in strawberries. Pages
258-262 in: Proc. 16th Int. Hortic. Congr.

Kohl, J., Molhoek, W. M., Plas, C. H., and
Fokkema, N. J. 1995. Suppression of sporula-
tion of Botrytis sp. as a valid biocontrol strat-
egy. Eur. J. Plant Pathol. 101:251-259.

Lambert, D. H. 1990. Postharvest fungi of
lowbush blueberry fruit. Plant Dis. 74:285-287.
Legard, D. E., Bartz, J. A., and Chandler, C.

K. 1997. The control of strawberry diseases

by sanitation. 3rd International Strawberry
Symposium, Acta Hortic. 439:917-921.

Legard, D. E., and Chandler, C. K. 1998.
Evaluation of fungicides to control Botrytis
fruit rot of strawberry, 1997. Fungic. Nemati-
cide Tests 53:121.

Legard, D. E., and Chandler, C. K. 1998.
Evaluation of fungicides to control Botrytis
and Phomopsis fruit rot of strawberry, 1996.
Fungic. Nematicide Tests 53:122.

Legard, D. E., and Chandler, C. K. 2000.
Evaluation of fungicides to control Botrytis
fruit rot of strawberry, 1998. Fungic. Nemati-
cide Tests. 55:124-125.

Legard, D. E., Xiao, C. L., Mertely, J. C., and
Chandler, C. K. 2000. Effects of plant spacing
and cultivar on incidence of Botrytis fruit rot

in annual strawberry. Plant Dis. 84:531-538.
Maas, J. L. 1978. Screening for resistance to
fruit rot in strawberries and red raspberries: a
review. HortScience 13:423-426.

Maas, J. L., and Smith, W. L. 1978.
‘Earliglow’, a possible source of resistance to
Botrytis fruit rot in strawberry. HortScience
13:275-276.

Mertely, J. C., Chandler, C. K., Burke, K. C.,
and Legard, D. E. 1999. Effect of plant sani-
tation on marketable yield and Botrytis fruit
rot of strawberry. (Abstr.) Phytopathology
89:S52.

Olcott-Reid, B., and Moore, J. N. 1995. Field
reactions of strawberry cultivars and selec-
tions to anthracnose fruit, leather rot, and gray
mold in Arkansas. Fruit Varieties J. 49:4-13.
Powelson, R. L. 1960. Initiation of strawberry
fruit rot caused byBotrytis cinerea. Phytopa-
thology 50:491-494.

Smith, S. A., and Taylor, T. G. 1997. Produc-
tion cost for selected vegetables in Florida.
University of Florida, Cooperative Extension
Service Circular 1202:1-27.

Sosa-Alvarez, M., Madden, L. V., and Ellis,
M. A. 1995. Effects of temperature and wet-
ness duration on sporulation B6trytis cine-
rea on strawberry leaf residues. Plant Dis.
79:609-615.

Stapleton, J. J., and Grant, R. S. 1992. Leaf
removal for nonchemical control of the sum-
mer bunch rot complex of wine grapes in the
San Joaquin valley. Plant Dis. 76:205-208.
Sutton, J. C. 1990. Epidemiology and man-
agement ofBotrytis leaf blight of onion and
gray mold of strawberry: a comparative
analysis. Can. J. Plant Pathol. 12:100-110.
Sutton, J. C. 1998. Botrytis fruit rot (gray
mold) and blossom blight. Pages 28-31 in:
Compendium of Strawberry Diseases. 3rd Ed.
J. L. Maas, ed. American Phytopathological
Society, St. Paul, MN.

Sutton, J. C., James, T. D. W., and Dale, A.
1988. Harvesting and bedding practices in
relation to grey mould of strawberries. Ann.
Appl. Biol. 113:167-175.



