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Effects of Plant Spacing and Cultivar on Incidence of Botrytis Fruit Rot
in Annual Strawberry

D. E. Legard, C. L. Xiao, J. C. Mertely, and C. K. Chandler, University of Florida, Gulf Coast Research and
Education Center, 13138 Lewis Gallagher Road, Dover 33527

Botrytis cinerea causes an internation-
ally important preharvest and postharvest
fruit rot of strawberry. In annual produc-
tion of susceptible cultivars in Florida,
losses to preharvest Botrytis fruit rot can
be as high as 15% (13,14).

Little is known about the dynamics of
Botrytis fruit rot epidemics in annual
strawberry production systems. Most of the
information about Botrytis fruit rot on
strawberry comes from research done on
perennial production systems or in the
laboratory under controlled environmental
conditions. Epidemics of Botrytis fruit rot
are primarily initiated by conidia produced
on dead strawberry leaves within the field
in perennial production systems (4). Young
expanding strawberry leaves are quies-
cently infected by the pathogen. As the leaf
senesces, the pathogen colonizes the leaf
tissue and sporulates (5). Temperature and
wetness duration have the greatest effect
on inoculum production. The optimum
sporulation temperature in dead leaf tissue
was approximately 18°C, and sporulation

increased with longer wetness duration
(21). Conidia are dispersed to flowers by
air or water (24) and also mechanically by
harvesting operations. Flower infections
are favored by long periods of wetness (6).
These infections establish quiescent myce-
lium in floral parts that ultimately infect
and decay ripening fruit. Direct infection
of fruit by conidia is not considered sig-
nificant (24). After initiation of the epi-
demic, the pathogen sporulates on diseased
flowers and fruit. These spores become
important sources of secondary inocula in
annual production systems where flowers
are continuously produced over several
months.

Botrytis fruit rot is managed with a
combination of chemical, cultural, and
genetic methods. Limited research has
been done to characterize differences in
cultivar susceptibility in annual strawberry
production systems. In both perennial and
annual production, no cultivar is highly
resistant to Botrytis fruit rot, although
differences in susceptibility exist (16,17).
In Florida, protectant fungicides such as
captan or thiram are applied weekly and
supplemented with other fungicides (i.e.,
iprodione) during peak flowering periods.
Commercial growers in Florida use up to
24 applications of captan (2.3 to 3.4 kg
a.i./ha) per season. In perennial systems,
bloom applications of fungicides can ef-
fectively control Botrytis fruit rot (26).

Cultural practices can be changed to im-
prove the control of Botrytis fruit rot in

strawberry by reducing inoculum through
sanitation or by modifying canopy micro-
climate to produce conditions less favor-
able for disease. Removal of senescent
foliage reduced disease incidence slightly
in an annual system (12). Commercial
growers often remove senescent foliage
after plant establishment. Growers also use
drip instead of overhead irrigation to re-
duce free moisture and to prevent splash
dispersal of pathogens. Growing strawber-
ries under clear plastic tunnels also reduces
leaf wetness duration and Botrytis fruit rot
incidence (27). Reducing plant density (22)
by establishing wider within-row plant
spacings or using cultural practices that
promote air circulation and rapid drying
within the fruiting canopy (19) have been
recommended as methods to reduce dis-
eases that require high humidity and leaf
wetness.

Limited experimental evidence supports
the widespread belief that growing plants
in dense stands promotes epidemics (7).
Cercospora apii blight spread faster in
close-spaced than wide-spaced celery (2),
and the reduction in disease progress was
attributed to modified microclimate. How-
ever, at commercially viable plant densi-
ties, no spacing effects were detected (23).
Some cultivars of common bean have a
higher incidence of white mold at higher
plant densities (20,25), possibly because
reduced air movement within the canopy
favored disease development. Plant density
did not affect cereal rust severity in mix-
tures of spring wheat and wild oats (18).

In commercial agriculture, stand density
usually is dictated by the need to optimize
yield and maximize profits. In strawberry,
plant spacing also is affected by the need to
enter the field to regularly apply pesticides
and harvest fruit. Annual strawberries typi-
cally are grown in two-row or four-row
raised bed culture systems to allow for this
movement. Most commercial production in
Florida uses two-row beds due to high
disease pressure from Botrytis fruit rot and
other diseases such as anthracnose
(Colletotrichum acutatum) and Phomopsis
fruit rot (P. obscurans). In Florida, fruit
harvested early in the season (November
and December) receives a dramatically
higher market price than fruit harvested
late in the season. This requires growers to
balance the benefits of higher planting
densities and potentially higher early yields
with the risk of increased disease incidence
later in the season. This study was under
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Fig. 1. Average weekly incidence of Botrytis fruit rot during the 1997-98 and 1998-99 seasons for the three cultivars and four within-row plant spacings of
strawberry.
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taken to determine the effects of within-
row plant spacing and cultivar on the inci-
dence of Botrytis fruit rot of strawberry.

MATERIALS AND METHODS
Experiments were conducted during the

1997-98 and 1998-99 seasons at the Uni-
versity of Florida, Gulf Coast Research
and Education Center (GCREC), at Dover.
Land preparation began in the fall with a
broadcast application of a 6:2:8 starter
fertilizer at 570 kg/ha and fumigation with
a 98:2 mixture of methyl bromide and
chloropicrin at 350 kg/ha. The experimen-
tal design was a randomized complete
block with four replicates. Treatments were
arranged in a 3 × 4 factorial design with
three cultivars (Sweet Charlie, Camarosa,
and Rosa Linda) and four within-row plant
spacings (22.9, 30.5, 38.1, and 45.7 cm).
Sweet Charlie and Camarosa are the stan-
dard cultivars in the west-central Florida
production area. Rosa Linda is a new culti-
var from the University of Florida breeding
program. Sweet Charlie is relatively small
and low growing, Rosa Linda is medium

and upright, and Camarosa is large and
round. The four plant spacings represent a
reasonable range that could be used com-
mercially. In the standard 1.2 m between
bed spacing used in Florida, plant popula-
tions would range from approximately
36,000 plants per hectare at 45.7 cm to
approximately 72,000 plants per hectare at
22.9 cm within-row spacing. The typical
commercial plant density in Florida is
approximately 45,000 plants per hectare
(38.1 cm within-row spacing).

Canadian grown green-top bare root
plants were transplanted into plastic-
mulched raised beds on 1.22-m centers (71
cm wide and 18 cm high at the center and
15 cm high at the edge) on 7 October 1997
and 16 October 1998. Plants were placed
in two offset rows per bed, spaced 23 cm
apart between rows. Plots were 4.9 m long
and contained 44, 34, 26, or 22 plants per
plot, which corresponded to 46-, 38-, 31-,
and 23-cm plant spacings. Each bed con-
tained four plots. Plots were separated
within beds by 1.2-m open buffer areas on
each end of the plot. Full-length border

rows of Camarosa were planted at 38-cm
spacing on the outside beds on each side of
the experiment and in 3-m plots on both
ends of each bed to maintain uniform envi-
ronmental conditions. Transplants were
irrigated overhead for 10 days to facilitate
establishment, then irrigated and fertilized
by drip lines. Captan (3.4 kg/ha) was ap-
plied weekly by tractor at 940 liters/ha to
moderate the severity of Botrytis fruit rot.

Fruit were harvested twice weekly ex-
cept for one harvest the final week of each
season: 9 December 1997 to 30 March
1998 (33 harvests) and 30 November 1998
to 29 March 1999 (35 harvests). Fruit was
graded into marketable or unmarketable on
the day harvested. Marketable fruit were
counted and weighed. Unmarketable fruit
were sorted into number of fruit with Bo-
trytis rot or other cull characteristics (i.e.,
other diseases, misshapen fruit, small fruit,
etc.).

General precipitation, humidity, leaf
wetness, and temperature were continu-
ously monitored by a weather station
(Adcon Telemetry, Boca Raton, FL) placed

Table 1. Analysis of variance for cumulative Botrytis fruit rot incidence and marketable yield for the different season periods during the 1997-98 and
1998-99 seasons

Season Early periodx Late period Whole season

Source of variation df MSy P > Fz df MS P > F df MS P > F

1997-98
Botrytis fruit rot incidence
Block 3 0.0135 0.0081 3 0.0044 0.0230 3 0.0047 0.0004
Cultivar 2 0.3560 0.0001 2 0.0849 0.0001 2 0.1695 0.0001
Spacing 3 0.0002 0.9736 3 0.0007 0.6224 3 0.0014 0.0795

Linear 1 0.0003 0.7627 1 0.0009 0.3953 1 0.0031 0.0268
Quadratic 1 0.0001 0.9385 1 0.0001 0.7930 1 0.0002 0.4889
Cubic 1 0.0003 0.7281 1 0.0011 0.3306 1 0.0009 0.2239

Cultivar × spacing 6 0.0046 0.1790 6 0.0012 0.0359 6 0.0026 0.0020
Error 33 0.0029 33 0.0012 33 0.0006

Marketable yield
Block 3 6.19E+04 0.6891 3 1.99E+06 0.2346 3 1.40E+06 0.3826
Cultivar 2 8.92E+06 0.0001 2 9.15E+07 0.0001 2 1.17E+08 0.0001
Spacing 3 4.12E+06 0.0001 3 2.01E+06 0.2304 3 5.56E+06 0.0132
Linear 1 1.24E+07 0.0001 1 6.0 E+04 0.8326 1 1.05E+07 0.0085
Quadratic 1 2.31E+04 0.6704 1 5.4 E+06 0.0517 1 6.16E+06 0.0391
Cubic 1 2.37E+05 0.1785 1 5.4 E+05 0.5279 1 6.24E+04 0.8301

Cultivar × spacing 6 1.50E+05 0.3328 6 5.42E+05 0.5279 6 1.21E+06 0.5006
Error 33 1.25E+05 33 1.33E+06 33 1.87E+07

1998-99
Botrytis fruit rot incidence
Block 3 0.0008 0.7239 3 0.0017 0.0512 3 0.0008 0.2487
Cultivar 2 0.1567 0.0001 2 0.1843 0.0001 2 0.1806 0.0001
Spacing 3 0.0045 0.0928 3 0.1001 0.0001 3 0.0065 0.0001
Linear 1 0.0008 0.5175 1 0.0253 0.0001 1 0.0139 0.0001
Quadratic 1 0.0092 0.0367 1 0.0004 0.3858 1 0.0013 0.1368
Cubic 1 0.0035 0.1883 1 0.0044 0.0104 1 0.0043 0.0102

Cultivar × spacing 6 0.0012 0.7031 6 0.0013 0.0650 6 0.0008 0.2609
Error 33 0.0019 33 0.0006 33 0.0005

Marketable yield
Block 3 1.39E+04 0.9915 3 5.11E+04 0.9924 3 5.53E+04 0.9950
Cultivar 2 1.70E+07 0.0001 2 2.18E+08 0.0001 2 2.87E+08 0.0001
Spacing 3 9.31E+06 0.0001 3 1.71E+07 0.0001 3 4.86E+07 0.0001
Linear 1 2.79E+07 0.0001 1 3.95E+07 0.0001 1 1.34E+08 0.0001
Quadratic 1 4.29E+03 0.9191 1 1.16E+07 0.0118 1 1.21E+07 0.0298
Cubic 1 4.22E+04 0.7504 1 4.44E+04 0.8701 1 2.60E+01 0.9974

Cultivar × spacing 6 3.54E+05 0.5317 6 2.34E+06 0.2320 6 4.02E+06 0.1481
Error 33 4.10E+05 33 1.63E+06 33 5.32E+07

x Early period is first 8 weeks of harvests, late period is all harvests after first 8 weeks each season. Whole season includes all harvests each season.
y Mean square.
z The significant probability values associated with F tests. Analysis of variance was performed on arcsine square root transformed data.
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within a bed of strawberry plants. Weather
data collected at GCREC-Dover from 1965
to 1995 were used to calculate 30-year
averages.

Statistical analysis was performed using
SAS (SAS Institute, Cary, NC). Botrytis
fruit rot incidence was transformed
(arcsine square root) prior to analysis. For
general comparisons, analyses of variance
were performed for cumulative Botrytis
fruit rot incidence and marketable yield for
the early period (harvests from first 8
weeks), late period (all harvests after first 8
weeks), and the whole season data sets.
Botrytis fruit rot incidence was calculated
as the percentage of fruit with Botrytis rot
from the total number of fruit harvested
during the period. Total marketable yield
was the cumulative yield for all harvests
during a period. Mean comparisons of
cultivar effects were made by Fisher’s
protected least significant difference (LSD)
(P ≤ 0.05). When significant cultivar ×
spacing interactions were found, analyses
were performed separately for each culti-
var, and variance was partitioned to test for
linear, quadratic, and cubic trends.

The effects of cultivar and spacing on
Botrytis incidence over time were analyzed
by repeated measures analysis of variance
(8,11) using the SAS general linear model
procedure (Proc GLM) with the repeated
option. Time interactions were tested with
Wilks’ λ. Weekly Botrytis incidence was
expressed as the average percentage of
Botrytis fruit rot for the two harvests dur-
ing each weekly period, except for the final
week, when fruit were harvested once.
Repeated measures analysis of variance
was done for the early and late periods and
for the whole season. When significant

spacing effects were found, variance was
further partitioned into linear, quadratic,
and cubic components, and their signifi-
cance was tested.

RESULTS
Botrytis fruit rot epidemics were severe

in both seasons (Fig. 1), although the epi-
demic was most severe in 1997-98. Differ-
ences in the incidence of Botrytis among
cultivars was highly significant during all
three periods both seasons (Table 1). The
ranking of cultivar susceptibility to Botry-
tis was consistent over all three periods
(early, late, and whole season) both sea-
sons. Sweet Charlie had the highest mean
incidence each period, followed by Cama-
rosa and Rosa Linda (Table 2). The differ-
ences in the incidence of Botrytis among
cultivars was very large. Rosa Linda had
52% lower incidence of Botrytis fruit rot
than Camarosa and 71 to 86% lower inci-
dence than Sweet Charlie over the two
seasons.

In the 1997-98 season, plant spacing had
no effect on Botrytis incidence during the
early and late periods (Table 1). However,
spacing did affect (P = 0.0795) Botrytis
incidence over the whole season. Because
of significant cultivar × spacing interac-
tions during the late and whole season
periods, spacing effects during these peri-
ods were evaluated separately for each
cultivar (Table 3). For Camarosa, spacing
had a significant effect on the incidence of
Botrytis during the late period (P = 0.0102)
and for the whole season (P = 0.0023). The
narrowest spacing of Camarosa had the
highest incidence of Botrytis, the interme-
diate spacings were intermediate, and the
widest spacing had the lowest incidence.

The widest spacing (45.7 cm) had 40 and
44% lower incidence of Botrytis than the
narrowest spacing (22.9 cm) during the late
period and the whole season, respectively,
and this amounted to a 4.5 to 5.4% reduc-
tion in the incidence of Botrytis. Spacing
did not affect the incidence of Botrytis for
Rosa Linda or Sweet Charlie.

In the 1998-99 season, spacing had an
extremely significant effect on the inci-
dence of Botrytis for the late period and
the whole season (P = 0.0001) (Table 1).
Spacing differences in the incidence of
Botrytis were also found for the early pe-
riod (P = 0.0928). There were significant
linear correlations (P = 0.0001) between
spacing and the incidence of Botrytis dur-
ing the late period and for the whole sea-
son (Table 1). Narrower spacings (22.9 and
30.5 cm) had higher incidences of Botrytis
than wider spacings (38.1 and 45.7 cm)
(Table 2). Although the incidence of Bo-
trytis at the wider spacings was 26 to 42%
lower than at the narrower spacings during
these periods, this was a real reduction of
only 1.2 to 2.1% in incidence of Botrytis.

The characteristics of Botrytis fruit rot
epidemics were different each season (Fig.
1). In 1997-98, Botrytis incidence peaked
once in mid-December and once in mid-
January. In 1998-99, Botrytis incidence
increased until mid-February and then
declined during the final 6 weeks. Weekly
incidence of Botrytis on Sweet Charlie was
as high as 69% in 1997-98 and 39% in
1998-99. Weekly incidence of Botrytis was
also relatively high for Camarosa in 1997-
98, but moderate in 1998-99. Rosa Linda
had moderate to low Botrytis incidence
both seasons. The peaks in the incidence of
Botrytis occurred at the same weeks

Table 2. Cumulative Botrytis fruit rot incidence and marketable yield for cultivar and row spacing treatments from each period during the 1997-98 and
1998-99 seasons

Treatment 1997-98 season 1998-99 season

Cultivar Plant spacing Early periodv Late period Whole season Early period Late period Whole season

Botrytis fruit rot incidence w

Camarosa 20.81 bx 7.37 10.50 2.63 b 2.96 b 2.84 b
Rosa Linda 12.96 a 3.56 5.07 1.18 a 1.40 a 1.36 a
Sweet Charlie 37.50 c 10.73 17.50 8.82 c 10.34 c 10.03 c

22.9 cm 23.35 7.54 11.74 4.16 6.26 5.80
30.9 cm 24.00 7.60 11.50 4.12 5.86 5.50
38.1 cm 23.25 6.68 10.24 3.13 3.74 3.63
45.7 cm 24.43 7.06 10.67 5.43 3.75 4.05

Orthogonal polynomial (P value, linear partition) 0.7627 ndy nd 0.5175 0.0001 0.0001
Marketable yield (kg/ha)z

Camarosa 7,441 a 20,959 b 28,400 a 8,698 a 19,420 c 28,118 b
Rosa Linda 5,199 b 22,381 a 27,580 a 9,010 a 31,081 a 40,091 a
Sweet Charlie 5,338 b 14,814 c 20,153 b 5,862 b 21,546 b 27,408 b

22.9 cm 7,037 18,819 25,856 9,538 25,259 34,797
30.9 cm 6,566 19,684 26,250 8,513 25,457 33,970
38.1 cm 5,493 20,217 25,711 7,233 24,229 31,462
45.7 cm 4,875 18,819 23,695 6,144 21,118 27,262

Orthogonal polynomial (P value, linear partition) 0.0001 0.8326 0.0085 0.0001 0.0001 0.0001

v Early period is first 8 weeks of harvests, late period is all harvests after first 8 weeks each season. Whole season includes all harvests that season.
w Botrytis fruit rot incidence values are expressed as percentage of marketable and unmarketable fruit harvested with Botrytis rot, and have been untrans-

formed for ease of comparison.
x Means followed by different letters within a column in each section are significantly different as determined by Fisher’s protected LSD test (P = 0.05).
y Not determined because there was significant cultivar × spacing interaction.
z Marketable yield was converted from grams per plot to kilograms per hectare.
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among the different cultivars and spacings
both seasons.

Repeated measures analysis of variance
indicated that cultivar significantly af-
fected weekly incidence of Botrytis fruit
rot during both the early and late periods
both seasons (Table 4). No significant row
spacing effect occurred during the early
period each season. Spacing had an effect

on the incidence of Botrytis during the late
period in 1997-98 (P = 0.0952) and an
extremely significant effect during the late
period in 1998-99 (P = 0.0001). Over the
whole season, spacing affected the inci-
dence of Botrytis (P = 0.0014) only in
1998-99. The spacing effects in 1998-99
were linearly correlated with the incidence
of Botrytis (Table 4), with the wider spac-

ings having lower levels of Botrytis than
the narrower spacings.

Time and time × cultivar interactions
significantly affected weekly incidence of
Botrytis during early and late periods both
seasons (Table 4). Significant time × culti-
var interactions indicate that Botrytis fruit
rot development over time differed among
cultivars over time. The cultivar × spacing

Table 3. The effects of cultivar and plant spacing on the cumulative incidence of Botrytis fruit rot for the late period and whole season during 1997-98

Incidence of Botrytis fruit rotw

Late periodx Whole seasony

Camarosa Rosa Linda Sweet Charlie Camarosa Rosa Linda Sweet Charlie

Spacing (cm)
22.9 10.01 3.19 9.4 13.68 4.89 16.64
30.9 7.51 3.82 11.47 10.65 5.29 18.57
38.1 6.37 3.39 10.27 9.49 4.74 16.48
45.7 5.58 3.84 11.76 8.19 5.37 18.47

Source of variation
(P > Fz)
Spacing 0.0102 0.4986 0.6578 0.0023 0.6813 0.4978
Linear 0.0017 0.2801 0.3946 0.0003 0.6067 0.5485
Quadratic 0.3105 0.8053 0.8761 0.3298 0.7620 0.9900
Cubic 0.7301 0.3059 0.3836 0.5202 0.3081 0.1739

w Botrytis fruit rot incidence values are expressed as the percentage of marketable and unmarketable fruit harvested with Botrytis rot, and have been un-
transformed for ease of comparison.

x Late period is for all harvests after first 8 weeks during the 1997-98 season.
y Whole season includes all harvests during the 1997-98 season.
z Significant probability values associated with F tests. Analysis of variance was performed on arcsine square root transformed data.

Table 4. Repeated measures analysis of variance describing effects of row spacing and cultivar on weekly incidence of Botrytis fruit rot of strawberry
during three periods (early, late, and whole season) of the 1997-98 and 1998-99 seasons

Season Early periodw Late period Whole season

Source of variation df MSx P > Fy df MS P > F df MS P > F

1997-98
Block 3 0.0766 0.1738 3 0.0465 0.0224 3 0.0735 0.0372
Cultivar 2 1.9779 0.0001 2 0.8296 0.0001 2 2.6153 0.0001
Spacing 3 0.0328 0.5281 3 0.0294 0.0952 3 0.0061 0.8501
Linear 1 0.0447 0.3179 1 0.0011 0.7684 1 0.0146 0.4342
Quadratic 1 0.0085 0.6603 1 0.0057 0.5094 1 0.0001 0.9552
Cubic 1 0.045 0.3162 1 0.0813 0.0166 1 0.0038 0.6873

Cultivar × spacing 6 0.1098 0.0402 6 0.0246 0.1049 6 0.1058 0.0018
Error 33 0.0435 33 0.0127 33 0.0232

Time effects Wilks’ λz Wilks’ λ Wilks’ λ
Time 7 0.0608 0.0001 7 0.0333 0.0001 7 0.0105 0.0001
Time × block 21 0.6483 0.9027 21 0.3762 0.2153 21 0.1380 0.4017
Time × cultivar 14 0.1193 0.0001 14 0.0953 0.0001 14 0.0118 0.0001
Time × spacing 21 0.3621 0.0769 21 0.2317 0.0087 21 0.1153 0.2486
Time × cultivar × spacing 42 0.2228 0.2516 42 0.0879 0.0064 42 0.0167 0.1781

1998-99 MS MS MS
Block 3 0.0135 0.5911 3 0.0322 0.0381 3 0.0179 0.3546
Cultivar 2 1.0707 0.0001 2 3.5636 0.0001 2 4.3893 0.0001
Spacing 3 0.0366 0.1759 3 0.1105 0.0001 3 0.1042 0.0014
Linear 1 0.0020 0.7576 1 0.2702 0.0001 1 0.1742 0.0023
Quadratic 1 0.0848 0.0523 1 0.0051 0.4863 1 0.0612 0.0588
Cubic 1 0.0231 0.3016 1 0.0563 0.0254 1 0.0773 0.0349

Cultivar × spacing 6 0.0058 0.9440 6 0.0108 0.4108 6 0.0087 0.7698
Error 33 0.0209 33 0.0102 33 0.0159

Time effects Wilks’ λ Wilks’ λ Wilks’ λ
Time 7 0.0889 0.0001 7 0.0311 0.0001 7 0.0199 0.0001
Time × block 21 0.5464 0.6264 21 0.3712 0.3613 21 0.0702 0.0926
Time × cultivar 14 0.1823 0.0001 14 0.0318 0.0001 14 0.0092 0.0001
Time × spacing 21 0.4784 0.3778 21 0.3177 0.1801 21 0.1219 0.4502
Time × cultivar × spacing 42 0.2948 0.6105 42 0.2096 0.7037 42 0.0358 0.8594

w The early period is the first 8 weeks of harvests and the late period is for all harvests after the first 8 weeks each season. The whole season period in-
cludes all harvests each season.

x Mean square.
y The significant probability values associated with the F tests. Analysis of variance was performed on arcsine square root transformed data.
z Wilks’ λ statistic is used to test time interactions.
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interaction from the repeated measures
analysis was significant for the early pe-
riod in 1997-98 (Table 4). Unexpectedly,
the interaction was primarily due to a sig-
nificant spacing effect for Camarosa during
the first month of the season. A significant
cultivar × spacing interaction was also
found for the whole season in 1997-98. No
cultivar × spacing or time × spacing inter-
actions occurred in 1998-99 (Table 4).

The general harvesting patterns shown
by marketable yield were dramatically
influenced by weather conditions each
season (Fig. 2). Higher temperatures in
1998-99 caused the first peak harvest to
occur 2 weeks earlier than in 1997-98. The
second peak harvest in 1998-99 was also
extremely early (18 January) and did not
produce much fruit. The third peak oc-
curred during March of the 1998-99 season
and accounted for the majority of fruit

harvested. A third peak did not occur in
1997-98.

Cultivar effects on total marketable yield
were extremely significant (P < 0.0001)
during the early and late periods both sea-
sons (Table 1). In 1997-98, Camarosa had
significantly higher marketable yield than
the other cultivars during the early period,
and Rosa Linda had the highest yields
during the late period (Table 2). During the
1998-99 season, the yield of Rosa Linda
was significant higher than other cultivars
during both early and late periods. Sweet
Charlie had the lowest marketable yield
during the early period both seasons de-
spite the high early yield characteristics of
the cultivar (9).

Marketable yields were affected by plant
spacing during the early period and whole
season in 1997-98 and during all three
periods in 1998-99 (Table 1). Plant spacing

had a highly significant linear correlation
with marketable yield both seasons. Higher
marketable yield occurred at narrower
spacings than at wider spacings during the
early period and whole season in 1997-98
and during all three periods in 1998-99
(Table 2). Marketable yields at the widest
spacing (45.7 cm) were 31 and 34% lower
than at the narrowest spacing (22.9 cm) for
the early period in 1997-98 and 1998-99,
respectively. Marketable yields at the 45.7-
cm spacing were 7 and 22% lower than at
the 22.9-cm spacing for the whole season
in 1997-98 and 1998-99, respectively.

Weather conditions during the two
growing seasons were markedly different
(Fig. 3). Precipitation was 68 cm higher
than the 30-year average in 1997-98 and 26
cm lower in 1998-99. Average tempera-
tures were marginally higher than the 30-
year average in 1997-98 (18.3°C versus
18.1°C) but substantially higher in 1998-99
(19.8°C). Interestingly, the average daily
leaf wetness duration was higher during
1998-99 (11.9 h versus 7.7 h) despite the
lower precipitation that season (Fig. 3).

DISCUSSION
Wider within-row plant spacing reduced

the incidence of Botrytis fruit rot compared
with narrower spacings. Levels of suscep-
tibility to Botrytis fruit rot differed among
the three cultivars evaluated in this study.
Sweet Charlie had the highest mean inci-
dence, followed by Camarosa and Rosa
Linda. Plant spacing also affected market-
able yield significantly. Narrower spacings
produced higher yields during the early
period and whole season than did the wider
spacings.

Plant spacing may affect Botrytis fruit
rot in several ways (7). Direct effects on
host density include changes in the number
of target hosts available to intercept in-
oculum and the spatial relationship be-
tween the hosts and spore dispersal gradi-
ents. Plant density can affect the splash-
dispersal of conidia of Colletotrichum
acutatum in strawberry (3). Because con-
idia of B. cinerea are primarily wind dis-
persed, the effect of plant density on spore
dispersal and deposition would likely be
diminished compared with C. acutatum.
Indirect effects also may cause a reduction
in disease. Changes in plant size due to
spacing may affect fungicide application
and harvesting efficiency. Increased plant
density could reduce the efficacy of fungi-
cide applications by obstructing plant cov-
erage. Because captan was applied weekly
during the season, the increase in Botrytis
incidence with tighter plant spacing could
have been related to reduced fungicide
coverage. Increased plant density also
could affect fruit harvest late in the season,
when plants were larger and harvest was
more difficult (1). In narrower plant spac-
ings, more fruit may escape timely har-
vesting and contribute to increased levels
of inoculum. Modification of microclimate

Fig. 2. Weekly marketable yields averaged from four within-row spacings for the 1997-98 and 1998-
99 seasons.
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also has been suggested as the cause of
disease reduction from wider plant spac-
ings in other host-pathosystems (2,7,15);
however, it is extremely difficult to evalu-
ate the influence of canopy microclimate
on disease. English et al. (10) found that
removal of leaves around grape clusters
reduced Botrytis bunch rot (B. cinerea),
but differences in microclimate variables
within the canopies were not sufficient to
explain the control.

Although spacing affected the weekly
incidence of Botrytis fruit rot during the
late period both seasons, the spacing effect
was cubically correlated with incidence
during the 1997-98 season and linearly
correlated during the 1998-99 season. En-
vironmental factors may be the primary
cause of differences in spacing effect be-
tween the two seasons (Fig. 1). Mean tem-
peratures were lower the first season (18.3°C)
than during the second season (19.8°C).
Precipitation was also dramatically differ-
ent in frequency and accumulation. Cumula-
tive precipitation was much higher during
the 1997-98 season (15.5 cm) than during
the 1998-99 season (1.9 cm), and there was
a total of 55 significant rain events (≥0.025
cm/day) the first season compared with
only 30 the second season.

We hypothesize that the extreme pre-
cipitation events during the 1997-98 season
could have masked the effect of plant
spacing on the incidence of Botrytis and
caused an overall increase in disease re-
gardless of spacing. The cumulative inci-
dence of Botrytis fruit rot during the 1997-
98 season was double that of the 1998-99
season. Precipitation is important in the
sporulation and dispersal of many patho-
gens. Frequent rains could have increased
the splash dispersal of inoculum, possibly
overwhelming the advantageous effects of
wider plant spacing on airborne spore dis-
persal. Because infection of flowers and
fruit, and subsequently inoculum produc-
tion, are favored by increased wetness
duration (6,21), frequent precipitation
could have diminished the effect of spacing
on wetness duration and other microcli-
matic conditions within the canopy. Al-
though the average daily wetness duration
recorded outside the canopy was higher
during the second season (11.92 h versus
7.68 h), an external sensor cannot accu-
rately estimate the effect of precipitation
on leaf wetness duration within the canopy.
The relatively large number of infected
fruit in 1997-98 probably contributed to
increased production of inoculum. High
levels of airborne and splash-dispersed
inoculum would increase the level of inter-
plot interference and diminish the benefits
of wider plant spacing. Therefore, high
levels of rainfall during the 1997-98 season
could have overwhelmed the beneficial
effects of wider spacing on the incidence
of Botrytis.

The incidence of Botrytis fruit rot during
the early period was not affected by plant

spacing either season. This was expected,
since strawberry plants in annual produc-
tion systems are small early in the season.
In Florida, small runner-produced plants
grown in Canadian nurseries are trans-
planted into fruiting fields in October. The
plants grow and produce new foliage and

flowers throughout the season. The inci-
dence of Botrytis fruit rot is most likely to
be affected by plant spacing in February
and March, when plants become large and
the canopy closes, and this is when signifi-
cant spacing effects occurred on Camarosa
in 1997-98 and on all cultivars in 1998-99.

Fig. 3. Average weekly temperatures, precipitation, and leaf wetness duration (hours) for the 1997-98
and 1998-99 seasons. The 30-year average temperature and precipitation from 1965 to 1995 also are
shown.
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Spacing had a significant effect on the
cumulative incidence of Botrytis only for
cultivar Camarosa during the late period (P
= 0.0102) and the whole season (P =
0.0023) in 1997-98 when cultivars were
analyzed separately due to cultivar ×
spacing interactions. The cumulative inci-
dence of Botrytis was not affected by
spacing for either Rosa Linda or Sweet
Charlie during these periods. This differ-
ence could be explained by the variation in
plant habits among the cultivars. Camarosa
has the largest growth habit of the three
cultivars, and this would cause a more
severe crowding of the plant canopy at the
narrower plant spacings. However, the
incidence of Botrytis was affected by
spacing for all three cultivars during the
late period and whole season in 1998-99.

Botrytis fruit rot incidence was strongly
affected by cultivar both seasons. Sweet
Charlie was the most susceptible cultivar
evaluated in this study and is grown exten-
sively in Florida (40 to 50% of acreage)
and other subtropical areas. This cultivar is
preferred by growers due to its ability to
produce high-quality, good-flavored, early
season fruit and its high level of resistance
to anthracnose fruit rot (C. acutatum) (9).
Growers frequently suffer high yield losses
to Botrytis fruit rot when using this culti-
var and rely heavily on fungicides to
minimize losses. Camarosa is the other
main cultivar grown in Florida (30 to 40%
of acreage). Camarosa is less susceptible to
Botrytis than Sweet Charlie but does not
normally produce high yield in the early
season and is extremely susceptible to
anthracnose fruit rot. Rosa Linda was the
cultivar least susceptible to Botrytis fruit
rot. This cultivar also is less susceptible to
anthracnose fruit rot than Camarosa, al-
though it is not as resistant as Sweet Char-
lie. Rosa Linda appears to be a cultivar that
should be considered by growers who wish
to minimize fruit rots and maximize mar-
ketable yields.

To increase profits, growers try to
maximize marketable yields for both the
high-value early period and the whole sea-
son. For winter strawberry producers,
prices during the early part of the season
are often two to five times higher than
during the rest of the season. Using nar-
rower plant spacings can significantly in-
crease early yield, although Botrytis fruit
rot incidence may be increased later in the
season. Despite the higher incidence of
Botrytis fruit rot at narrower spacings,
marketable yields were still higher than at

wider spacings. Higher profits from in-
creased early and total marketable yield at
narrower spacings are somewhat offset by
the increased costs associated with using
more plants. The average cost of trans-
plants used in Florida is approximately $80
per 1,000. There are 27,000 more plants
per hectare at the narrowest spacing (22.9
cm) than at the industry standard (38.1
cm), and this represents an increase in
plant costs of $2,160 per hectare. When
narrow plant spacings are used to increase
early marketable yields, growers should
consider using less-susceptible cultivars
such as Camarosa or Rosa Linda, although
even highly susceptible cultivars like
Sweet Charlie can produce high market-
able yields at narrow spacings.
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