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Abstract. In west–central Florida, strawberries (Fragaria ·ananassa Duch.) are har-
vested from early December to late March. The peak harvest occurs at the end of the
season and lasts ’’1 month, usually from late February to mid-March. As the peak
harvest progresses and temperatures increase, fruit become smaller and the soluble
solids content (SSC) of fruit declines. The main objective of this study was to determine
whether the progression of peak harvest results in a decline in SSC independent of
temperature. In 2007 and 2008, recently opened flowers were tagged in the field on the
first week into the peak bloom (WPB) and for 3 additional weeks thereafter. Three days
after tagging, plants were transplanted to one of two constant temperature environments
(15 or 22 8C). At maturity, the weight, SSC, and fruit development period (FDP) of tagged
fruit were recorded. Fruit SSC was lower at the higher temperature (5.2% at 22 8C versus
6.5% at 15 8C) in both years. In 2007, SSC was not correlated with WPB, and in 2008,
SSC was positively correlated with WPB at constant temperatures. In addition, the
coefficient of determination (r2) for a regression of SSC on mean temperature over the
period 8 days before harvest was 0.73 for fruit harvested from fields between 2003 and
2009. These results indicate that rising temperature is a major factor responsible for the
late-season decline of SSC in strawberry fruit in a subtropical production system.

The Florida strawberry industry, valued
at $362 million during the 2009–2010 season,
is concentrated in subtropical west–central
Florida on �3600 ha (U.S. Department of
Agriculture, 2011). During a typical season,
transplants are set in the field in early October
and fruit is harvested from the beginning of
December to late March. Total fruit yield as
well as the average size and the SSC of fruit,
which impact perception of fruit quality
(Jouquand et al., 2008), fluctuate over the course
of the season (MacKenzie and Chandler, 2009).
There are typically two or three cycles in which
yields rise and then fall (Chandler et al., 1994).
Larger primary fruit predominate at the begin-
ning of cycles, whereas smaller fruit predom-
inate later in the cycles (MacKenzie and
Chandler, 2009). Fruit size is largely dependent
on the predominant order of fruit ripening at
any one time (Dana, 1980; Janick and Eggert,
1968). The period lasting from late February to
mid-March usually corresponds to the highest
yielding cycle and is often described as the
peak harvest (Legard et al., 2005). The fruit
from the peak harvest result from flowers
produced during the period from late January
to mid-February, and this period is usually
described as the peak bloom.

Soluble solids content is the collective con-
centration of sugars, acids, and other substances
dissolved in the cell sap. In strawberry, sugars
comprise 80% to 90% of the SSC (Perkins-
Veazie, 1995). Fruit SSC is usually satisfactory
for consumers until a point during the month of
March when low SSC decreases fruit quality
and contributes to growers’ decisions to quit
harvesting. Rising temperatures may explain
the decline in fruit SSC at the end of the season
(Wang and Camp, 2000). However, other fac-
tors such as the age of plants, the predominant
order of harvested fruit, and increasing yield
correlate with the progression of the peak
harvest and could affect fruit SSC indepen-
dently. The ratio of fruit weight to leaf weight
has been shown to increase over time, and an
increased sink:source ratio could help explain
the decline in fruit SSC (Olsen et al., 1985).
Although fruit SSC was positively correlated
with the incidence of solar radiation in other
production systems (Hoppula and Karhu, 2006;
Watson et al., 2002), fluctuations in photosyn-
thetically active radiation (PAR) are not likely
to have a major effect on fruit SSC in Florida
because plant exposure to PAR is increasing
late in the season when fruit SSC is declining.

The primary objective of this study was to
test the hypothesis that the progression of the
peak harvest results in a decline of fruit SSC
independent of temperature. This hypothesis
was tested over two seasons by moving plants
from the field to constant temperature and
light environments at different times during

the peak bloom period that precedes the peak
harvest. Trends in fruit weight and fruit de-
velopment period over time under the con-
trolled environments were also determined.
A second objective was to determine the po-
tential for predicting fruit SSC from atmo-
spheric temperature alone using temperature
and fruit SSC data collected during six seasons
in Florida.

Materials and Methods

Plant material. Experiments were con-
ducted on ‘Strawberry Festival’ strawberry
plants grown using the annual plasticulture
system at the University of Florida Gulf Coast
Research and Education Center in Balm, FL,
during two seasons (2006–2007 and 2007–
2008). The soil at this location is characterized
as a Myakka fine sand with �1.5% organic
matter. Beds were 91.5 m long, 71 cm wide,
15 cm high at the edges, and 18 cm high in the
center and were covered with a single layer of
black, high-density polyethylene mulch. The
distance between bed centers was 1.2 m. Each
bed contained two rows of plants spaced
38 cm apart within rows and 28 cm apart be-
tween rows. The beds were fumigated with
a mixture of methyl bromide and chloropic-
rin before transplanting in October. Bare-root
transplants from Quebec, Canada, were set in
October and irrigated with overhead sprinklers
for 10 d during daylight hours to facilitate
establishment. Once established, plants were
irrigated and fertilized exclusively through a
single drip tape per bed. Fruit were harvested
from plants twice weekly from the beginning
of December to the date when plants were
moved to a constant temperature environment
in 2007 and 2008.

Effects of peak harvest progression on
fruit soluble solids content . During the 2006–
2007 and the 2007–2008 seasons, flower counts
were monitored to determine the beginning of
the peak bloom period that precedes the late-
season peak harvest cycle. On the first Friday
of the peak bloom, 26 Jan. 2007 for the 2006–
2007 season and 8 Feb. 2008 for the 2007–2008
season, 48 plants with recently opened flowers
on a single bed were marked with a stake. A
weatherproof plastic tag was placed around the
stem of open flowers (two to six flowers/plant)
on 12 of the 48 plants on 26 Jan., 2 Feb., 9 Feb.,
and 16 Feb. in 2007 and 8 Feb., 15 Feb., 22
Feb., and 29 Feb. in 2008. Within each season,
these dates correspond to the Friday of Weeks
1, 2, 3, and 4 of the peak bloom (WPB). The
majority of anthers on tagged flowers displayed
no signs of senescence, indicating the maxi-
mum time that the flowers could have been
open was less than 2.5 d (MacKenzie and
Chandler, 2009). Plants with tagged flowers
were left in the field for 3 d to facilitate
pollination and then transplanted to 7.7-L (10
Standard) pots (Belden Plastics, Roseville,
MN). Soil surrounding the roots comprised
most of the pot volume. The remaining vol-
ume was filled with soilless potting mix (2
Mix; Conrad Fafard Inc., Agawa, MA).

Potted plants were placed overnight in a
growth room with a 12-h day/night cycle at
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15 �C. The next day, six of the 12 plants were
moved to a 22 �C growth room with a 12-h day/
night cycle. Immediately after transplanting,
some visible loss of turgor was observed, but
this was not evident 20 h later. Growth rooms
containedfluorescent lighting(180mmol�m–2�s–1

photosynthetically active photon flux), which
produced net photosynthetic activity �50% of
the maximum possible rate at normal atmo-
spheric CO2 levels (Chabot, 1978; Ferree and
Stang, 1988). Plants were watered when needed
and monitored daily for ripe fruit. Ripeness was
defined as the stage at which the fruit became
fully colored from tip to calyx.

When a tagged fruit ripened, the harvest
date was recorded, the fruit was weighed, and
the SSC (%) of the fruit juice was measured at
room temperature with a digital refractometer
that was standardized with deionized water
(Atago Co., Tokyo, Japan). To obtain juice for
SSC measurements, each fruit was pressed
in a potato ricer, and the expressed juice was
filtered once through 1.5-mm wire mesh. The
FDP of each fruit was the number of days from
tagging to harvest. Untagged fruit that ripened
between transplanting and when the final tag-
ged fruit was harvested were also harvested
and the number recorded. This gave an esti-
mate of the total number of flowers and green
fruit on the plant at the time of tagging. The
mean weight of the tagged fruit was multiplied
by the total number of tagged and untagged
fruit to construct an estimated yield variable
for the constant temperature environment,
which was used as a covariate in the analysis.

Concurrent with the controlled tempera-
ture experiments, plants of ‘Strawberry Festi-
val’ that remained in the field were harvested
during the peak bloom period to determine
trends in marketable yield (g/plant), mean fruit
weight (g), and SSC in the field. Yield data
from plants grown in four replicate plots (10
plants/plot) are reported for four consecutive
1-week intervals each season. The first harvest
interval corresponded to when the first set of
tagged flowers would have ripened had they
remained in the field as determined by a yield
model taking into account atmospheric tem-
perature (MacKenzie and Chandler, 2009).
This harvest occurred 28 d after tagging in
2007 and 24 d after tagging in 2008. Soluble
solids content and fruit weight were recorded
for 10 randomly selected fruit during each
sampling interval.

In a statistical analysis of the constant
temperature experiments using data from both
years combined, the independent variables
year, WPB, temperature, plant (year · WPB ·
temperature), year · temperature, year · WPB,
WPB · temperature, and year · temperature ·
WPB were used to explain variation in the
dependent variables FDP, fruit weight, and
SSC. Additional analyses were performed
examining data from each year separately
when interactions with year were evident. For
these analyses, the independent variables
were WPB, temperature, plant (WPB · tem-
perature), and WPB · temperature. All inde-
pendent variables were fixed effects, except
the variables plant (year · WPB · tempera-
ture) and plant (WPB · temperature), which

were random effects. The nested plant effect
was included in models to account for corre-
lation of measurements from plants assigned
to each of the 16 possible season · WPB ·
temperature combinations. The dependent
variable SSC was modeled with and without
estimated yield as a covariate. The models
that included the covariate were estimated
on a plant mean basis and therefore did not
contain the nested plant terms. Effects were
described as significant if P > F was less than
0.05. In all analyses, the linear, quadratic, and
cubic components of variation attributable to
WPB were evaluated by polynomial contrast.
The statistical analyses were conducted using
PROC MIXED in SAS 9.1 (SAS Institute,
Cary, NC) with covariance parameters esti-
mated by restricted maximum likelihood.

Construction of a model to predict fruit
soluble solids content based on air tempera-
ture. To construct a model to predict fruit
SSC based on air temperature, fruit SSC was
measured on 26 dates over six seasons (2003–
2004, 2006–2009) in Florida between 1 Jan.
and 30 Mar. Some SSC measurements were
obtained from the literature. Mean SSC for
fruit grown in Dover, FL, on four dates in 2003
and 2004 was published by Del Pozo-Insfran
et al. (2006) and mean SSC in Wimauma,
FL, on five dates in 2006 and 2007 was
published by Jouquand et al. (2008). In 2007
and 2008, mean SSC was obtained from the
concurrent field experiment previously de-
scribed. In 2009, SSC was measured on nine
dates separated by 1 week beginning on 2 Feb.

Means on each date were determined from at
least eight fruit with the exception of a mean
for 23 Feb. 2009 that was calculated from three
fruit. Mean SSC readings were correlated with
mean 60-cm aboveground temperature over
periods ranging from 1 to 21 d before harvest.
Mean temperature during the 8-d period before
harvest had the highest coefficient of determi-
nation (r2) and was selected for inclusion in
the model. Subsequently, mean solar radiation
values over intervals from 1 to 21 d were eval-
uated in a multiple regression analysis along
with the mean 8-d temperature before harvest.
Temperature and solar radiation data were
obtained from a weather station directly adja-
cent to the plots, which was part of the Florida
Automated Weather Network (University of
Florida, 2009). All regression analyses were
done using the statistics program SAS 9.1
(SAS Institute).

Results and Discussion

Trends in yield, fruit weight, and soluble
solids content in the field. In 2007 and 2008,
there was a steady increase in marketable
yield during the peak harvest despite a decrease
in average fruit weight (Fig. 1). In 2007, SSC
decreased over this same period from a mean
of 9.0% at 1 WPB to 5.6% at 4 WPB (P <
0.001). In 2008, the range in SSC was much
narrower, from 7.0% at 1 WPB to 6.5% at 4
WPB, and the change was not significant (P =
0.101) (Fig. 1). In 2008, an advective freeze
event occurred 5 weeks before flowers were

Fig. 1. Mean marketable yield (g/plant), fruit weight (g/fruit), and soluble solids content (%) of ‘Strawberry
Festival’ fruit harvested from plants growing in the field in 2007 and 2008. Fruit harvest in the field was
timed to coincide with the ripening of fruit from flowers tagged in the controlled temperature experiment.
Flowers were tagged on dates ranging from 1 to 4 weeks since the beginning of peak bloom and are
described by the variable weeks into peak bloom (WPB). Error bars represent SEs.
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tagged. This freeze event on 3 Jan. 2008 lasted
10 h, and ambient air temperatures declined
to –2.6 �C. Plants were overhead-irrigated to
protect them from damage during this period.
However, high winds made the frost protec-
tion ineffective and damage to the foliage of
plants was obvious. Such events occur approx-
imately once or twice each decade. Leaves
contain the largest amount of nonstructural
carbohydrates in strawberry, and the leaf area
of the plant expands after a bloom is initiated
(Schaffer et al., 1986). Damage to the canopy
before bloom and subsequent recovering after
the bloom was initiated could possibly help
account for the absence of a significant de-
crease in SSC in the field in 2008. In addition,
8-d mean temperatures for the periods before
fruit harvest were more uniform in 2008 than
in 2007. In 2007, the minimum 8-d mean tem-
perature was 11.6 and it ranged from 17.5 to
20.3 for other harvest dates. In 2008, the min-
imum 8-d mean temperature was 16.8 and it
ranged from 18.4 to 21.1 for other harvest dates.
For both years, WPB 1 had the lowest 8-d mean
temperature.

Effect of weeks into peak bloom on fruit
soluble solids content in a constant temper-
ature environment. A negative relationship
between fruit SSC and WPB under a constant
temperature environment would support the
hypothesis that the progression of the peak har-
vest results in a decline of fruit SSC indepen-
dent of temperature. This was not observed.
There was a significant year · WPB interac-
tion indicating that the trend was different

between years (Table 1). When years were
analyzed separately, WPB did not have a sig-
nificant effect on fruit SSC in 2007 (Table 1;
Fig. 2A). In 2008, the effect was significant
and there was a positive linear correlation
between WPB and SSC (Table 1; Fig. 2A).
Other factors affecting fruit SSC were tem-
perature and year (Table 1). Mean SSC values
were lower at 22 �C (5.35% in 2007 and
4.97% in 2008) than they were at 15 �C (6.6%
in 2007 and 6.4% in 2008). This was consis-
tent with Wang and Camp (2000) who showed
that fruit SSC was negatively correlated with
post-bloom air temperature. Although mean
SSC was lower at both temperatures in 2008,
there was no evidence for a year · temperature
effect (Table 1). The PAR in the growth rooms
was lower than ideal (180 mmol�m–2�s–1 pho-
tosynthetically active photon flux), possibly
resulting in reduced net photosynthesis during
fruit development and reduced SSC. However,
this potential reduction would occur at all tem-
perature regimes and time points and would
not be expected to affect the conclusions of
the study. Immediately after transplanting, the
plants underwent a brief loss of turgor but
thereafter resumed normal growth and devel-
opment. The potential impacts of such stress
on fruit SSC are not known and are unlikely to
have impacted the observed trends.

Temperature may cause a decline in fruit
SSC by altering the balance of physiological
processes in plant and fruit tissues. Sugar con-
centrations in fruit are dependent on rates of
uptake by the fruit tissue, fruit photosynthesis,

and fruit respiration. Uptake is dependent on
carbohydrate supply and the expression and
activity of sugar transporters and/or sugar-
metabolizing enzymes in the fruit (Forney
and Breen, 1986; Saur, 2007). Sucrose uptake
was positively correlated with temperatures up
to 40 �C in tissue disks cut from fruit (Forney
and Breen, 1986), but it is not clear if pro-
longed exposure could alter the expression of
enzymes required for transport or if substrate
concentrations in source tissues are reduced
in response to higher temperatures. Fruit res-
piration is also positively correlated with
temperature and may be more responsive to
temperature changes than sugar transport
(Haller et al., 1941). The contribution of fruit
photosynthesis to sugar accumulation in fruit
is not likely to be significant (Blanke, 2002).
Between 15 and 25 �C (common daytime
temperatures in Florida during the strawberry
fruiting season), net photosynthesis was not
very sensitive to temperature in Fragaria vesca,
and at higher temperatures, net photosynthesis
declined (Chabot, 1978). This indicates that

Table 1. Mixed model analysis of variance P values for effects of year, temperature, and weeks into the
peak bloom (WPB) on fruit weight, fruit development period (FDP), and soluble solids content (SSC)
of ‘Strawberry Festival’ fruit from plants after transplantation from a field to a constant temperature
environment at different times during the season.

Source of variation dfnum, dfden
y Wt (g)x FDP (d)w SSC (%)v

2007 and 2008 combined
Estimated yield 1,76 — — 0.701
Year (2007 versus 2008) 1,77 0.522 0.382 0.035
Temperature (22 versus 15 �C) 1,77 0.610 <0.001 <0.001
WPB (Levels 1, 2, 3, and 4) 3,77 <0.001 0.002 <0.001
Year · temperature 1,77 0.169 0.010 0.653
Year · WPB 3,77 0.635 0.083 <0.001
Temperature · WPB 3,77 0.611 0.569 0.718
Year · temperature · WPB 3,77 0.204 0.660 0.529

2007z

Estimated yield 1,38 — — 0.593
Temperature (22 versus 15 �C) 1,39 <0.001 <0.001
WPB (Levels 1, 2, 3, and 4) 3,39 0.015 0.177
Temperature · WPB 3,39 0.915 0.596

2008z

Estimated yield 1,37 — 0.983
Temperature (22 versus 15 �C) 1,38 <0.001 <0.001
WPB (Levels 1, 2, 3, and 4) 3,38 0.012 <0.001
Temperature · WPB 3,38 0.379 0.678

zFDP and SSC values from 2007 and 2008 were analyzed separately as a result of significant year ·
temperature and year · WPB effects.
ydfnum and dfden indicate the number of df for the numerator and denominator error terms used to derive
F statistics. Degrees of freedom for the denominator in the SSC model including the covariate are 76
for years combined and 38 for 2007 and 37 for 2008.
xs2

plant(year · temperature · transplant date) = 4.339 and s2
residual = 9.113 for years combined.

ws2
plant(year · temperature · transplant date) = 1.220 and s2

residual = 5.972 for years combined. For years analyzed
separately: s2

plant(temperature · transplant date) = 1.194 and s2
residual = 5.981 for 2007 and s2

plant(temperature ·

transplant date) = 1.246 and s2
residual = 5.963 for 2008.

vs2
residual = 0.490 for years combined. For years analyzed separately: s2

residual = 0.466 for 2007 and
s2

residual = 0.526 for 2008.

Fig. 2. Soluble solids content (%) (A), fruit weight
(g/fruit) (B), and fruit development period
(days) (C) of ‘Strawberry Festival’ fruit from
plants after transplantation from a field to each
of two constant temperature environments on
four dates separated by 1 week at the end of the
2007 and 2008 seasons. For each transplant
date, the number of weeks that had passed since
the beginning of the peak bloom is given by the
variable weeks into peak bloom (WPB). Error
bars represent SEs.
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at higher temperatures, increased net photo-
synthesis during the day will not compensate
for increased respiration at night and that con-
centrations of nonstructural carbohydrates in
leaf tissues should decline. Sugar uptake to
fruit tissues was shown to be unsaturated at
concentrations present in plant tissues (Forney
and Breen, 1986; Macı́as-Rodrı́guez et al.,
2002); therefore, a reduction in the concen-
tration of source sugars should contribute to
reduced fruit SSC.

Previous studies reporting a negative
correlation between temperature and SSC in
strawberry either examined this phenomenon
at one developmental stage (Wang and Camp,
2000) or did not consider changes in crop load
over time (Hoppula and Karhu, 2006). During
both years of our study there was a dramatic
yield increase for ‘Strawberry Festival’ in the
field as peak harvest progressed (Fig. 1). In-
creased fruit load may potentially affect fruit
SSC by decreasing the source:sink ratio. How-
ever, because there was no decline in SSC
underconstant temperatures, sucha conclusion
cannot be made from this study. In the growth
room experiment, the estimated yield cova-
riate did not affect SSC and its inclusion did
not change the significance level of any factors
in the model.

Effect of weeks into peak bloom on fruit
weight and fruit development period. In anal-
yses using data from 2007 and 2008 combined,
there was a linear, negative association be-
tween fruit weight and WPB that was similar
during both years (Table 1; Fig. 2B). Although
fruit were larger on average, a similar decline
in fruit weight during the peak harvest was
reported for ‘Strawberry Festival’ in the field,
and the decline was attributed to lower-order
fruit ripening later (Fig. 1; MacKenzie and
Chandler, 2009). Temperature did not affect
fruit weight. Although some studies report
a correlation between fruit weight and tem-
perature, results are not consistent. Hortyński
et al. (1994) found that fruit weight was posi-
tively correlated with temperature during early
fruit development and negatively correlated
with temperatures at ripening. During other
periods, temperature had little impact on fruit
weight. Le Mière et al. (1998) showed that
average berry weight was negatively corre-
lated with temperature. The present study
differed from these studies in that only tem-
perature during fruit development beginning
3 to 5 d after flowers opened was altered, and
the fruit that were compared underwent anthe-
sis at about the same time. This could explain
why no effect of temperature was observed.

Fruit development period was affected by
temperature and WPB, and there was a signif-
icant year · temperature effect (Table 1; Fig.
2C). Temperature had the greatest impact on
FDP both years (15 �C FDP = 35.7 d in 2007
and 35.1 d in 2008; 22 �C FDP = 24.4 d in
2007 and 25.7 d in 2008). The observed effect
of temperature on FDP (–1.5 d/�C) was close
to that reported for a regression of FDPs on
post-flowering mean 25-d temperatures for
fruit in the field (MacKenzie and Chandler,
2009). Although WPB affected FDP, the effect
was small and there was no consistent trend

evident (Fig. 2C). There was a 3-d period
between when flowers were tagged and when
they were placed into the constant temperature
environment. Temperature differences during
this interval coupled with the relatively low
variation observed for FDP could explain why
FDP was different between different WPBs.
Also, in 2008, fruit from WPB 1 at 22 �C were
paler than other fruit when fully ripe. There
was a delay in counting these fruit as ripe that
explains the longer FDP for fruit in this cat-
egory. This would contribute to the year · tem-
perature effect and linear effect of WPB on
FDP in 2008.

A model to predict fruit soluble solids
content based on temperature. The highest
coefficient of determination for a regression
of SSC on mean temperature over an interval
preceding harvest (1 to 21 d) was for the 8-d
interval (r2 = 0.73). Solar radiation over any
of the 21 intervals failed to account for
variation in mean percent SSC when included
in a regression with the temperature variable.
The mean 8-d temperature preceding harvest
was generally higher for harvests late in the
year, although there were some exceptions.
On dates when early harvests were preceded
by relatively high temperatures and late har-
vests were preceded by relatively low tem-
peratures, there was no evidence that fruit
SSC deviated from values expected based on
the 8-d temperature (Fig. 3). These results
raise the possibility that growers could use
atmospheric temperature forecasts to inform
decisions on the pricing and marketing of
strawberry fruit. In Finland, fruit SSC was
negatively correlated with mean temperature
over the period 2 weeks before harvest and
positively correlated with radiation over this
interval (Hoppula and Karhu, 2006). Shading
has also been shown to reduce fruit sugars
(Watson et al., 2002), and some of the data in
Finland were taken from plants grown under
a polyethylene cover. Fruit harvested from
growth rooms had lower SSC values than
expected based on the regression of fruit SSC
on temperature in the field. Subsaturation
levels of PAR in the growth rooms likely
accounts for this discrepancy. In Florida,

during most daylight hours, light intensities
approached or exceeded the threshold required
for maximum photosynthesis (University of
Florida, 2009; Yoshida and Morimoto, 1997).
This would explain why no effect of solar
radiation was observed in field-collected fruit
when temperature was included in the model.

Conclusions

Despite a marked reduction of SSC in the
field in 2007, progression of peak bloom did
not result in a decrease in SSC under constant
temperatures. During an uncharacteristic sea-
son in 2008 when SSC did not decrease in the
field, SSC actually increased with the pro-
gression of peak harvest in the constant tem-
perature environment. In both seasons, we
observed lower mean SSC at 22 �C compared
with 15 �C. In addition, there was no evidence
that an increase in crop load lowers SSC at
constant temperatures. Based on these results,
we reject the hypothesis that the progression of
the peak harvest results in a decline of fruit
SSC independent of temperature and conclude
that temperature is a major factor responsible
for the late-season decline in SSC of straw-
berry fruit in a subtropical production system.
The mean 8-d temperature preceding harvest
described a large proportion of the variance in
fruit SSC and explained fruit SSC that was
uncharacteristically high or low on particular
harvest dates. The SSC decline may be ex-
plained by the sensitivity of individual com-
ponents of strawberry sugar transport and
metabolism to temperature.
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