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Abstract. The objectives of this study were to characterize strawberry cultivars grown
under two production systems for gloss at harvest as a proxy for freshness and assess
cultivar differences regarding the loss of gloss and changes in desiccation scores dur-
ing refrigerated postharvest storage. Nine strawberry cultivars were grown in an an-
nual plasticulture system for 3 years, harvested twice weekly, and packaged for
refrigerated storage. Four of these cultivars also were grown in a low tunnel produc-
tion system and harvested, packaged, and evaluated similarly. In both cases, berry
gloss was measured at harvest and again after 1 and 2 weeks of refrigerated storage.
Subjective desiccation scores were assigned to the berries during refrigerated storage.
For both traits, effects were primarily determined by the interaction between the cul-
tivar and time of measurement relative to harvest. For either gloss or desiccation,
there was no evidence of differences in cultivar rankings based on the production sys-
tem or packaging event. Cordial and Sweet Charlie were among cultivars that did not
show loss of gloss or changes in desiccation scores during storage; therefore, they
would not be good choices for studies that test alternative postharvest storage proto-
cols. Keepsake and USDA Lumina were among the glossiest cultivars and those with
the highest gloss levels and desiccation scores after both 1 week and 2 weeks of refrig-
erated storage. The variability of these traits among cultivars indicate that improve-
ment can be made when developing new cultivars.

Strawberries (Fragaria ×ananassa Duch-
esne ex Rozier) are considered highly perishable
produce (Mitcham 2002), thus underscoring the
importance of freshness to the marketability of
this crop. When packaged in containers for
market, the freshness of berries can be

inferred from several traits, such as fruit
gloss, calyx appearance, shriveling, softness,
and decay, as reported by Collins and Perkins-
Veazie (1993). Macnish et al. (2012) reported
that aroma, turgidity, sheen, bruising, water
soaking, softening, water loss, and fungal de-
cay are important traits. However, Ares et al.
(2009) reported that odor, gloss, fruit color,
shriveling, and sepal browning are important
traits.

Some studies have developed subjective rat-
ing scales for freshness that require rating a
group of berries separately for each freshness
proxy (Ares et al. 2009), whereas others have
combined proxies into a single rating scale (Col-
lins and Perkins-Veazie 1993; Macnish et al.
2012). Berries may be evaluated for freshness
using proxies together or separately, but such
proxies are not necessarily mutually exclusive
or infallibly connected (Ares et al. 2009; Lewers
et al. 2019). For instance, anecdotal observa-
tions indicated that rotted berries often (but not
always) lose integrity and leak juices into the
container. Existing approaches to assess berry
freshness may be limited, especially those that
mix freshness proxies such as gloss and decay

on a single scale. However, it is not clear
whether subjective scores based on multiple
proxies of berry degradation provide an accurate
quantification of the freshness continuum.

Glossiness is broadly considered a desirable
trait of fresh produce in general and strawberries
in particular. Indeed, the glossiness of multiple
crop products in the context of postharvest pro-
tocols (G�omez-Contreras et al. 2021; Macnish
et al. 2012; Velickova et al. 2013) and crop ge-
netics (Cockerton et al. 2021; Huang et al.
2022) has been evaluated. For strawberries,
gloss has been rated subjectively (Community
Plant Variety Office, Office Communautaire
des Vari�et�es V�eg�etales 2009; RosBREED
2010). Furthermore, strawberry gloss, as vi-
sualized in cropped black and white as well
as color photographs, has been directly asso-
ciated with freshness by evaluation panels
(Arce-Lopera et al. 2012).

Modern development of commercially avail-
able gloss meters, rather than the use of subjec-
tive scoring, have offered the opportunity to
measure gloss objectively (Mitcham et al. 1996).
Gloss meters developed for industrial use were
adapted for produce after determining how best
to measure gloss on curved and relatively matte
surfaces. For instance, the initial development
used a gloss meter on flattened peelings of fruits
and vegetables to determine that a light angle of
60� relative to the object surface was more reli-
able than 45� (Nussinovitch et al. 1996). Since
that discovery, various types and brands of gloss
meters using a 60� light angle have been used
successfully to measure gloss of the curved surfa-
ces of apples, eggplants, tomatoes, (Mizrach
et al. 2009; Ward and Nussinovitch 1996), and
strawberries coated with films (G�omez-Contreras
et al. 2021).

New strawberry cultivars are usually de-
scribed as having berries that are “glossy” or
“very glossy” at harvest, without any associated
metric (Amyotte et al. 2022; Lewers and Enns
2022; Lewers et al. 2017, 2019; Whitaker et al.
2018). In fact, few new strawberry cultivars are
released with any information about their fresh-
ness characteristics during postharvest refriger-
ated storage (Lewers and Enns 2022; Lewers
et al. 2019; Whitaker et al. 2017). Strawberry re-
search could benefit from the objective evalua-
tion of gloss as a genotypic trait at harvest as
well as a freshness proxy during refrigerated
postharvest storage. In this study, we leveraged
the aforementioned technical developments of
gloss meters to quantitatively assess gloss of
strawberries as a trait at harvest and as a post-
harvest freshness proxy. We further assessed a
subjective desiccation score as a second freshness
proxy. The objectives of this study were to char-
acterize strawberry cultivars grown under two
production systems for gloss at harvest and assess
cultivar differences in the loss of gloss and
changes in desiccation scores during refrigerated
postharvest storage as two independent freshness
proxies.

Materials and Methods

Field establishment
As part of an established strawberry breeding

project, strawberry plants of multiple cultivars
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and breeding selections were grown in replicated
plots on the North Farm of the US Department
of Agriculture, Agricultural Research Service
(USDA-ARS) Henry A. Wallace Beltsville Agri-
cultural Research Center at Beltsville, MD, USA
(lat. 39�01048.4200N, long. 76�56007.9900W,
49.4 m elevation), on Downer-Hammonton com-
plex loamy sand and Russet-Christiana complex
fine sandy loam soils (USDA Natural Resources
Conservation Service 2023). Plantings were es-
tablished annually in pairs of fields using two
production systems: an annual plasticulture sys-
tem (Black et al. 2002) and a low-tunnel system
(Lewers et al. 2020). Both systems used raised
beds with trickle irrigation lines 7 cm under the
plastic mulch. The annual plasticulture system
used black plastic mulch, and the low tunnel sys-
tem used white plastic mulch. The low tunnels
were covered with Kool Lite Plus 0.152-mm-
thick polyethylene film (Klerks Hyplast Inc.,
Chester, SC, USA). The fields assigned to a pro-
duction system in a given year contained three
beds each that were used to compare cultivars in
replicate (three beds 5 three replicates). Each
bed contained space for multiple plots of six
plants per plot. Each cultivar was randomly as-
signed to be planted in one plot per bed. Plug
plants grown from runner tips pegged in early
July were planted in early August each year in
six-plant plots and fruited the following May.
Irrigation was automated to apply water from
the trickle irrigation lines during the late after-
noon of the harvest day (Monday and Thurs-
day) if the soil moisture was less than 70%.
Imidacloprid systemic insecticide (AdmireV

R

Pro; Bayer Crop Science, Research Triangle
Park, NC, USA) was applied through chemiga-
tion one month after planting. Etoxazole acari-
cide (ZealV

R

SC Miticide; Valent U.S.A., LLC,
San Ramon CA, USA) was applied to the field
the first week of November. No pesticides
were used in the fruiting year.

Harvest, evaluation, and packaging
Harvest began as early as May the year af-

ter planting at a rate of two harvests per week
and continued until all berries were har-
vested, which extended, at most, until mid-
June. The start and end of harvest, as well as
its duration, varied between cultivars. A har-
vest event started in early morning, with plots
harvested in the same order at each harvest
event, and continued until all plots were har-
vested and data were collected. Some har-
vests were completed by noon, and others
continued for 12 h. At each harvest event,
berries were harvested into two containers
per plot, one for rotted berries and one for
“ripe” nonrotted berries. A “ripe” berry was
defined as any berry that would likely be
overripe (i.e., showing physical nonpatho-
genic degradation of flesh or skin) by the
next harvest 3 or 4 d later. If the berries from
a nonrotted container were considered mar-
ketable (Lewers and Enns 2022), then they
were visually examined to select individual
undamaged berries of excellent symmetry
and comparable size, condition, and ripeness.
Up to 12 of these were placed in a labeled
clear plastic egg carton with the tip up and

calyx down. While still in the field, and im-
mediately after selection, the single berry in
the top left position of each container was
measured to determine gloss with a micro-
gloss 60� XS surface gloss meter, which has
its own internal light source (BYK Gardner,
Geretsried, Germany). The instrument was set
to report gloss units (GUs). Each selected berry
was measured multiple times at the glossiest
part of the berry, specifically on the shoulder
and near the calyx; the largest GU reading was
recorded. Egg cartons were closed and placed
in a heavy-duty plastic egg crate that held up
to 15 egg cartons. The crates were protected
from the sun, excess heat, and rain until the
day’s harvest was complete, and again when
all harvested berries were packaged. Crates
were transported to a walk-in cooler set at
1.5 �C, stacked up to two crates high, and then
covered with a clean plastic trash bag. The
cooler did not have relative humidity control,
and the relative ambient humidity was not
measured.

Postharvest evaluation
Berries were evaluated again after 1 week

and 2 weeks of refrigerated storage after har-
vest. At each evaluation, the top left berry in
a carton was measured to determine gloss, as
described in the previous paragraph. Addi-
tionally, all berries in an egg carton were vi-
sually examined and assigned a subjective
desiccation score at both 1 and 2 weeks after
harvest. The desiccation score was recorded
using a scale from 9 (no sign of desiccation
for any of the berries) to 1 (all berries
shrunken and hard). A score of 7 indicated
that most berries in the container had some
slight wrinkling but still looked attractive
enough to be marketable. A score of 5 indi-
cated that most berries were clearly wrinkled,
and some showed signs of flesh cell degrada-
tion. A score of 3 indicated that most berries
were wrinkled and had shrunk from desicca-
tion. If a container had a mix of berries merit-
ing two different scores, then the container
was assigned an intermediate score.

Data selection
All gloss measurements and subjective

evaluations at and after storage were con-
ducted by the same person every year (K.L.).
A subset of data from 3 years (2022–24)
and nine cultivars were selected for analyses.
Selected cultivars were those with data for at
least 2 of the 3 years. Cultivars chosen from
the USDA-ARS breeding program at Belts-
ville, MD, USA, were Cordial (USPP33636;
Lewers and Enns 2022), Earliglow (Scott and
Draper 1975), Flavorfest (Lewers et al. 2017),
Keepsake (USPP30578; Lewers et al. 2019),
and USDA Lumina (USPP36100). ‘Earliglow’,
‘Flavorfest’, and ‘Keepsake’were commercially
grown at the time of the study, whereas ‘Cor-
dial’ and ‘USDA Lumina’ were recently re-
leased and were being propagated by nurseries
to increase plant numbers before sales. ‘Camar-
osa’ (USPP8708) and ‘Chandler’ (USPP4481P)
from the breeding program at The University of
California, ‘Galletta’ (USPP19763) from the

breeding program at North Carolina State Uni-
versity, and ‘Sweet Charlie’ (USPP8729) from
the breeding program at the University of
Florida commercially grown in the mid-Atlantic
United States were also included. ‘Camarosa’
was unavailable in 2022. ‘Sweet Charlie’
was unavailable in 2023. All nine cultivars
were evaluated in the annual plasticulture
system. ‘Camarosa’, ‘Chandler’, ‘Flavorfest’,
and ‘Keepsake’ were also evaluated in low
tunnels.

For each plot, data from the first four
packaging dates were used for statistical anal-
yses. As was expected, packaging dates for
early-season cultivars Earliglow, Galletta, and
Sweet Charlie occurred earlier than those for
later-season cultivars Keepsake and Cordial.
Overall, packaging dates used for data analyses
reflected berry yields of premium quality for
each cultivar. Specifically, packing dates ranged
from 5 to 31 May in 2022, 11 to 25 May in
2023, and 6 to 23 May in 2024.

Statistical analyses
A general linear mixed model was fitted

to each response variable of interest assuming
a Gaussian distribution. Specifically, gloss
unit data were fitted in the natural logarithmic
scale for variance stabilization. Modeling of
desiccation score data effectively implemented
a normal approximation.

Model specification: Comparison of nine
cultivars grown in plasticulture only. For both
response variables, the linear predictor in the
statistical model included fixed effects of the
cultivar, packaging event for the plot (first to
fourth for the year), evaluation relative to har-
vest (i.e., at harvest and 1 and 2 weeks after
harvest), and all two-way and three-way in-
teractions. The following linear predictors
were also considered: the random effects of
year and bed within the year as overarching
blocking structures for the cultivar; the ran-
dom effect of plot (identified by the cross-
product of year, bed, and cultivar), which
was fitted to identify the experimental unit
for the cultivar and the blocking structure for
repeated measures on the packaging date re-
corded at the plot level; and the random effect
of berry (identified by the cross-product of
year, bed, cultivar, and packaging date) to
recognize the unit of repeated measures at
evaluation relative to harvest Finally, a ran-
dom effect of harvest date (i.e., calendar
date) was fitted to accommodate a nonorthog-
onal blocking structure resulting from com-
monality of environmental conditions at the
calendar date of harvest. The statistical model
described directly reflected the data genera-
tion process, including multiple blocking ar-
rangements and a total of three different sizes
of experimental units called for by factors in
the treatment structure, namely cultivar, pack-
aging event, and evaluation relative to harvest.

Model specification: Comparison of four
cultivars grown in competing production sys-
tems. For both response variables, the linear
predictor in the statistical model included
fixed effects of productions system, cultivar,
packaging event, evaluation relative to harvest,
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and all two-way, three-way, and four-way in-
teractions. The random effect of field (identi-
fied by the cross-product between year and
production system) was also included in the
linear predictor to recognize the experimental
unit for production system. The random effect
of bed nested within the field was fitted to rec-
ognize the blocking structure in which cultivars
were planted. The random effect of plot was
identified by the cross-product of year, produc-
tion system, bed, and cultivar, and it identified
the experimental unit for the cultivar and the
blocking structure for repeated measures for
packaging events recorded at the plot level.
Furthermore, the random effect of berry was
identified by the cross-product of the year, pro-
duction system, bed, cultivar, and packaging
date to recognize the unit of repeated measures
for evaluations relative to harvest. This model
specification reflects four different sizes of ex-
perimental units called for by factors in the
treatment structure, namely production system,
cultivar, packaging date, and evaluation week
relative to harvest.

Model fitting. In all cases, model assump-
tions were evaluated using studentized resid-
uals obtained from the fitted model. For each
response, a few datapoints were flagged as
unusually extreme based on studentized re-
siduals of a magnitude larger than the t test
critical value obtained by an extremely con-
servative Bonferroni adjustment for the total
number of observations considered (Kutner
et al. 2005). Upon closer evaluation, these da-
tapoints corresponded to observations of gloss
and desiccation scores 2 weeks after harvest
and reflected berries that had severely degraded
physically in storage. Therefore, these data-
points were excluded from the final analyses.

Variance components were estimated us-
ing the restricted maximum likelihood. The
Kenward-Roger’s approach (Kenward and
Roger 1997) was used to estimate the degrees
of freedom and adjust the standard error esti-
mates. The estimated least square means and
corresponding 95% confidence intervals (CIs)
were determined at the appropriate level of in-
ference. Relevant pairwise comparisons be-
tween treatment groups were conducted using
the Bonferroni adjustment to avoid inflation of
the type I error rate caused by multiple com-
parisons. All statistical models were fitted us-
ing the GLIMMIX procedure of SAS (version
9.4; SAS Institute, Cary, NC, USA).

Results

Gloss
The glossiness of berries of the nine culti-

vars grown in plasticulture using black plastic
mulch and without low tunnels differed ac-
cording to a two-way interaction between the
cultivar and the evaluation relative to harvest,
namely at harvest and 1 week and 2 weeks af-
ter refrigerated storage (P 5 0.033) (Fig. 1).
That is, the relative ranking of cultivars dif-
fered depending on the timepoint relative to
harvest at which berries were evaluated for
glossiness. There was no evidence of any ef-
fect of packaging event (P 5 0.682) or for
any interaction between packaging event and

cultivar (P 5 0.812), timepoint relative to
harvest (P 5 0.496), and three-way interac-
tion (P5 0.594).

A comparison of cultivars on the day of
harvest (Fig. 1) showed that berries of USDA
Lumina were the glossiest, with an estimated
mean of 4.1 GU (95% CI 5 3.4–4.8 GU),
followed closely by those of Galletta, Flavor-
fest, and Keepsake, which were estimated at
3.6 GU (95% CI, 3.0–4.2 GU), 3.1 GU (95%
CI, 2.6–3.7 GU), and 3.0 GU (95% CI,
2.6–3.6 GU), respectively; however, none of
them significantly different from the others.
Berries of ‘Chandler’ were the least glossy,
with an estimate of 1.7 GU (95% CI, 1.4–2.0
GU), but its glossiness was not significantly
different from that of berries of ‘Camarosa’,
‘Cordial’, ‘Earliglow’, and ‘Sweet Charlie’,
which were estimated at 2.1 GU (95% CI,
1.7–2.5 GU), 2.2 GU (95% CI, 1.8–2.6 GU),
2.2 GU (95% CI, 1.7–2.9 GU), and 2.5 GU
(95% CI, 2.1–3.1 GU), respectively. Culti-
vars with berries that exhibited glossier skin
on the day of harvest generally lost gloss dur-
ing the 2-week postharvest refrigerated stor-
age (Fig. 1). Specifically, ‘USDA Lumina’
and ‘Flavorfest’ berries lost gloss in the first
week after storage (P 5 0.001), whereas
‘Galletta’ and ‘Keepsake’ berries lost gloss
primarily during the second week of storage
(P 5 0.001 and P 5 0.003, respectively).
Yet, ‘USDA Lumina’, ‘Galletta’, and ‘Keep-
sake’ berries remained at the top of the culti-
var scale for gloss units from harvest and
throughout the 2 weeks of refrigerated stor-
age. Additionally, ‘Chandler’, ‘Camarosa’,
and ‘Cordial’ berries were consistently ranked
at the bottom of the cultivar scale for gloss,
both at harvest and throughout postharvest
storage. For ‘Camarosa’ berries, gloss loss was
apparent only after 2 weeks of storage (P 5
0.002). ‘Sweet Charlie’, ‘Earliglow’, ‘Cordial’,
and ‘Chandler’ berries, which were ranked at
the bottom of the scale at harvest, showed no

significant loss in gloss after harvest and
throughout the 2 weeks of refrigerated storage.

A subset of four cultivars, namely, Camarosa,
Chandler, Flavorfest, and Keepsake, were
also grown in a neighboring field using a low
tunnel system (Lewers et al. 2020). However,
there was no evidence of any differential ef-
fect of production system (P 5 0.119) or
packaging event (P 5 0.207) on berry gloss
for any of the four cultivars considered. A
two-way interaction was observed between
cultivar and evaluation time period relative to
harvest (P5 0.012). In addition, regardless of
the production system, gloss at harvest was
higher for berries of ‘Flavorfest’ and ‘Keep-
sake’, with estimated values of 3.1 GU (95%
CI, 2.5–3.8 GU) and 2.8 GU (95% CI,
2.3–3.4 GU), respectively, compared with
gloss of ‘Camarosa’ (P 5 0.002 and P 5
0.010) and ‘Chandler’ berries (P < 0.001 and
P < 0.001), with estimated values of 2.1 GU
(955 CI, 1.7–2.6 GU) and 1.9 GU (95% CI,
1.5–2.3 GU), respectively. After 2 weeks of
refrigerated storage, ‘Keepsake’, with an esti-
mated gloss of 2.2 GU (95% CI, 1.8–2.7
GU), still had the highest gloss of all four cul-
tivars (P # 0.041); however, gloss had de-
creased for ‘Flavorfest’ (1.7 GU; 95% CI,
1.4–2.1 GU), which had a value closer to
and not significantly different from that of
‘Camarosa’ (1.5 GU; 95% CI, 1.2–1.9 GU)
and ‘Chandler’ (1.4 GU; 95% CI, 1.2–1.7).

Desiccation
For the nine cultivars grown in annual

plasticulture with black plastic mulch and
without low tunnels, the desiccation scores of
berries in refrigerated storage differed ac-
cording to a two-way interaction between
cultivar and refrigerated storage time after
harvest (P 5 0.001) (Fig. 2). Consistent with
our findings for gloss, there was no evidence
of any effect of packaging date (P 5 0.290)
or any packaging date interaction with cultivar
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Fig. 1. Estimated gloss units (and 95% confidence intervals) of strawberries from cultivars grown in
plasticulture in Beltsville, MD, USA, between 2022 and 2024, measured on the day of harvest and
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(P 5 0.537), storage time after harvest (P 5
0.128), or their three-way interaction (P 5
0.547).

After the first week of storage, berries
from the cultivars Keepsake, Cordial, Gal-
letta, and USDA Lumina showed less desic-
cation than that of all other cultivars, as
reflected by higher mean desiccation scores,
which were estimated at 8.6 (95% CI, 8.3–8.9),
8.5 (95% CI, 8.2–8.8), 8.4 (95% CI, 8.1–8.7),
and 8.3 (95% CI, 8.0–8.6), respectively (Fig. 2).
Among these top-ranking cultivars, Cordial ber-
ries showed no evidence of further desiccation
for the remainder of the postharvest storage pe-
riod evaluated (P 5 0.2723). ‘Keepsake’ and
‘USDA Lumina’ berries showed further desic-
cation during the second week of storage (P <
0.0001 and P < 0.0001, respectively), but still
ranked among the least desiccated by the end of
the observation period. Finally, ‘Galletta’ berries
showed significant signs of desiccation during
the 2 weeks of refrigerated storage (P <
0.0001) and lost ranking by the end of the pe-
riod of refrigerated storage considered.

On the opposite end of the spectrum,
‘Camarosa’ berries showed the most desiccation
by 1 week of refrigerated storage, followed by
‘Chandler’, ‘Earliglow’, ‘Flavorfest’, and ‘Sweet
Charlie’, with estimated values of 7.7 (95% CI,
7.4–8.0), 7.8 (95% CI, 7.5–8.1), 7.9 (95% CI,
7.6–8.3), 8.1 (95% CI, 7.8–8.4), and 8.1 (95%
CI, 7.8–8.4), respectively. The second week of
postharvest storage revealed no evidence of fur-
ther desiccation for ‘Sweet Charlie’ (P5 0.133)
or ‘Camarosa’ berries (P 5 0.238), whereas
‘Flavorfest’ (P < 0.0001), ‘Earliglow’ (P 5
0.000), and ‘Chandler’ berries (P < 0.0001)
continued to desiccate during the remainder
of the storage period considered (Fig. 2).

For the four cultivars grown under alter-
native production systems, there was no evi-
dence of any differential effects attributable
to the production system or packaging event
on cultivar desiccation scores during refriger-
ated storage (P 5 0.179). Regardless of the
production system or packaging event, ber-
ries from all four cultivars in this comparison,
Keepsake, Flavorfest, Chandler, and Camarosa,

showed a decrease in desiccation scores of ap-
proximately half of a point from the first week
to the second week of postharvest refrigerated
storage (P< 0.0001). ‘Keepsake’ berries main-
tained scores indicative of the least desiccation
among the four cultivars throughout the post-
harvest storage time, with no evidence for any
differences between the remaining three
cultivars at the end of either storage week
(Table 1).

Comparisons of gloss and desiccation
scores

Figure 3 shows a scatterplot of estimated
mean gloss units and estimated mean desicca-
tion scores for nine cultivars grown in annual
plasticulture after 1 week and 2 weeks of
postharvest refrigerated storage. The scatter-
plot is only intended for descriptive purposes
to illustrate the relative rankings of cultivars
for both gloss and desiccation scores simulta-
neously, however. ‘Keepsake’ and ‘USDA
Lumina’ berries showed consistently above-
average performance in terms of desiccation
scores and GU after both 1 week and 2 weeks
of refrigerated postharvest storage. ‘Camarosa’,
‘Chandler’, and ‘Flavorfest’ berries showed
desiccation and gloss performance means that
were consistently below average at both time-
points. ‘Cordial’ berries had above-average
desiccation scores but below-average mean
GUs, whereas ‘Earliglow’ berries showed
below-average desiccation scores and above-
average gloss performance throughout the 2weeks
of refrigerated storage. Regarding the remaining
cultivars, relative rankings for both outcomes
shifted throughout the postharvest refrigerated
storage period.

Discussion

It is commonly understood that produce loses
freshness during postharvest storage, and that
freshness can be assessed with multiple proxies.
During this study, we used strawberry gloss and
desiccation scores from harvest through re-
frigerated storage as proxies for freshness to
characterize and compare strawberry cultivars

grown in two production systems. Our findings
indicate that for both gloss and desiccation
scores, the effects were primarily determined by
the interaction between cultivar and time of
measurement relative to harvest. For both traits,
there was no evidence of differences in cultivar
rankings based on the production system or
packaging date.

Overall, the loss of berry gloss during the
postharvest period differed by cultivar. As a re-
sult, the cultivar ranking for gloss at harvest
changed relative to the rankings after 1 week
or 2 weeks of storage. Desiccation scores were
not measured at harvest; they were measured
only after refrigerated storage. However, desic-
cation scores showed a pattern similar to that
of gloss; changes in desiccation scores during
refrigerated storage differed between cultivars,
and cultivar rankings for desiccation scores dif-
fered depending on the number of weeks in
storage. There was no indication of any effect
of the production system on berry gloss at har-
vest or desiccation score during refrigerated
storage or for any differences between packag-
ing events. Consequently, it may be surmised
that field environmental conditions during this
study probably had a limited, if any, effect on
either berry gloss or desiccation scores.

Observations intended to inform further
cultivar development

In particular, cultivars showed substantial
variability in their gloss dynamic from harvest
(Fig. 4) and during postharvest refrigerated
storage. Specifically, cultivars such as Flavor-
fest and USDA Lumina lost a significant
amount of gloss after 1 week in refrigerated
storage, whereas others, specifically Galetta
and Keepsake, retained their gloss during the
first week of storage and lost gloss only

a ab ab
c

ab
c

b
cd

cd cd d dab a c ab
c

ab
c

c c c b
c

6.0

6.5

7.0

7.5

8.0

8.5

9.0

After one week in storage After 2 weeks in storage

******
**

**

**

Fig. 2. Estimated desiccation scores (and 95% confidence intervals) of strawberries from nine cultivars
grown in plasticulture in Beltsville, MD, USA, between 2022 and 2024. On the harvest day, straw-
berries were packaged in clear plastic egg cartons for postharvest evaluations at 1 week and
2 weeks after refrigerated storage. Berries in a carton were assigned a pooled subjective desiccation
score as follows: 9 5 no sign of desiccation; 7 5 most berries had slight wrinkling that did not af-
fect marketability; 5 5 most berries were clearly wrinkled and some appeared gummy; 3 5 most
berries were clearly wrinkled and some had shrunk; and 1 5 most berries were shrunken and hard.
Letters indicate cultivar differences (P < 0.05) after 1 week (light gray) or 2 weeks (dark gray) af-
ter storage. Asterisks indicate a cultivar-specific significant decrease in the desiccation score rela-
tive to the previous week of postharvest storage (P < 0.05).

Table 1. Estimated subjective desiccation scores
and 95% confidence intervals (CIs) of strawber-
ries of four cultivars grown in plasticulture in
Beltsville, MD, USA, between 2022 and 2024.
On the harvest day, the strawberries were pack-
aged in clear plastic egg cartons for postharvest
evaluations 1 week and 2 weeks after refriger-
ated storage. All berries in a carton were as-
signed a subjective desiccation score as a group
(9 5 no sign of desiccation; 7 5 most berries
had slight wrinkling that did not affect market-
ability; 5 5 most berries were clearly wrinkled
and some appeared gummy; 3 5 most berries
were clearly wrinkled and some had shrunk;
1 5 most berries were shrunken and hard).
Cultivar means with different letters within the
same evaluation timepoint indicate mean culti-
var differences (P # 0.000).

Cultivar
Estimated mean
desiccation score 95% CI

After 1 wk in refrigerated storage
Keepsake 8.6 a 7.8–9.3
Flavorfest 8.0 b 7.3–8.7
Chandler 7.9 b 7.2–8.6
Camarosa 7.8 b 7.1–8.5

After 2 wk in refrigerated storage
Keepsake 8.0 a 7.3–8.7
Flavorfest 7.5 b 6.8–8.2
Camarosa 7.4 b 6.7–8.1
Chandler 7.3 b 6.6–8.0
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during the second week of storage. For other
cultivars, including Chandler, Cordial, Earli-
glow, and Sweet Charlie, berries showed no
evidence of gloss loss throughout postharvest
storage, but their berries did not have high

gloss at harvest. ‘Camarosa’, ‘Cordial’, and
‘Sweet Charlie’ berries showed no evidence of
changes in desiccation during their second
week in storage. Finally, cultivars such as
Keepsake and USDA Lumina showed both
high gloss and comparatively limited desicca-
tion during refrigerated storage. Conversely,
for ‘Cordial’ and ‘Sweet Charlie’, there was no
evidence for any gloss loss or for any signs of
desiccation throughout the 2 weeks of refriger-
ated storage after storage. Such phenotypic var-
iability between cultivars suggests the potential
for genetic improvement of gloss and desicca-
tion characteristics through breeding efforts.
Without selecting for gloss, there may be no
increase in gloss in newer cultivars, as was ob-
served in the University of Florida strawberry
breeding program (Whitaker et al. 2011). An
attempt to genetically map strawberry glossi-
ness using subjective scores for gloss level was
unsuccessful (Cockerton et al. 2021). However,
advances based on an objective quantification
of gloss (i.e., using a gloss meter) are promising
and warrant further investigation.

This work supports consumer intuition that
gloss indicates the freshness of strawberries
(Arce-Lopera et al. 2012), because the results
showed that berries from some cultivars lose
gloss after harvest. Also, cultivars such as
Keepsake and USDA Lumina showed gloss
loss yet comparatively limited signs of desicca-
tion in refrigerated storage during this study

and may be useful to postharvest studies look-
ing for strategies to maintain freshness. In con-
trast, cultivars like Cordial and Sweet Charlie
showed little, if any, postharvest changes in
gloss or desiccation; therefore, they would be
less suitable for postharvest studies.
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