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SUMMARY. Strawberries (Fragaria ·ananassa) are one of the major high-value crops
in North America. There is increasing interest in commercial strawberry production
for local markets in Virginia and surrounding states, but information on the per-
formance of newer cultivars is extremely limited. We tested 10 commercially avail-
able June-bearing cultivars [Benicia, Camarosa, Camino Real, Chandler,
Strawberry Festival, Flavorfest, FL Radiance, Treasure, Sweet Charlie, and Win-
terstarTM (FL 05-107)] and two day-neutral cultivars (Albion and San Andreas) for
their spring and summer fruiting capacity in Virginia production systems in a ran-
domized, replicated study, at three on-farm locations. Data were collected on veg-
etative growth, yield performance, fruit quality, sweetness, and fruit diameter.
Cultivars with the highest total yields averaged across all three locations were
Benicia, Camino Real, Chandler, and Camarosa. ‘Camino Real’ had the highest
marketable yield at all three locations, not significantly different from ‘Chandler’,
and ‘Benicia’ and ‘Camarosa’ had the highest marketable yield at two of the three
locations. ‘Flavorfest’ and ‘Sweet Charlie’ had the highest total soluble solids
concentration for the harvest season. Overall, for all locations, ‘Benicia’ and
‘Camino Real’ had the largest fruit diameter, and ‘Strawberry Festival’ had the
smallest fruit diameter.

T
he south-Atlantic region,
which includes the Common-
wealth of Virginia, is the third-

largest producing region for fresh
market strawberries following Cali-
fornia and Florida (Samtani et al.,
2019). The most recent agriculture
census for the Commonwealth of
Virginia indicated 296 farms growing
strawberries on 391 acres [U.S. De-
partment of Agriculture (USDA),
2019]. Strawberry production in the
state is predominantly targeted to-
ward direct markets (Christman and
Samtani, 2019; Samtani et al., 2019).
Most strawberry acreage in Virginia is
grown using the annual hill plasticul-
ture (AHP) production system,
where plug plants are transplanted in
the fall for harvest in the spring
(Christman and Samtani, 2019). Sim-
ilar to surrounding states (Delaware,
Maryland, the Carolinas, and West
Virginia) the AHP strawberry
growers in Virginia have mainly
grown three cultivars: Chandler and
Camarosa, developed by the Univer-
sity of California, Davis, and Sweet
Charlie, developed by the University
of Florida (Hokanson and Finn,
2000; Poling et al., 2005). These
three cultivars were bred for the

commercial pre-pick and shipping
markets for their intended geographic
locations, but have been adapted for
you-pick/direct to consumer markets
in the mid-Atlantic and the south-
Atlantic region of the United States.

The phenotypic response of
strawberry cultivars changes depend-
ing on the climatic and geographic
area in which they are grown
(Antunes et al., 2010; Kaps et al.,
2003). Most strawberry cultivars in
the United States are released from
California and Florida public and
private breeding efforts. Strawberry
crop sustainability and profitability
in other regions of the country can

be improved by evaluating and adopt-
ing cultivars for specific climatic con-
ditions of each region. Grower
adoption of strawberry cultivar is
driven by factors such as processing
and marketing practices, resistance to
insect and disease pests, and higher-
quality fruit (Shaw and Larson,
2008).

Studies on evaluation of straw-
berry cultivars or cultural systems has
been limited in the midsouthern
United States (Ballington et al.,
2008; Gu et al., 2017). The objective
of this research was to evaluate yield
and fruit quality characteristics of
newer strawberry cultivars grown in
the AHP system in coastal Virginia
climatic conditions (USDA Plant
Hardiness zones 7 and 8).

Materials and methods
On-farm studies were initiated in

Fall 2013, to evaluate commercially
available strawberry cultivars Albion,
Benicia, Camarosa, Camino Real,
Chandler, Strawberry Festival, Fla-
vorfest, FL Radiance, San Andreas,
Sweet Charlie, Treasure, and Winter-
star� (FL 05-107). Strawberry plug
plant material was supplied by the
North Carolina State University
breeding program, except for ‘Flavor-
fest’, which was provided by Kube-
Pak (Allentown, NJ), and ‘Camarosa’
and ‘Chandler’, from Aarons Creek
Nursery (Buffalo Junction, VA).
Studies were established at three
locations in the coastal plain of Vir-
ginia: in the City of Chesapeake (lat.
36.836045�N, long. 76.398461�W;
USDA Plant Hardiness Zone 7b), in
the City of Virginia Beach (lat.
36.714832�N, long. 76.016372�W;
USDA Plant Hardiness Zone 8a),
and Westmoreland County (lat.
38.130043�N, long. 77.047534�W;
USDA Plant Hardiness Zone 7a). All

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.4047 acre(s) ha 2.4711
0.3048 ft m 3.2808
3.7854 gal L 0.2642
0.0094 gal/acre m3�ha–1 106.9066
2.54 inch(es) cm 0.3937

25.4 inch(es) mm 0.0394
1.1209 lb/acre kg�ha–1 0.8922
0.0254 mil(s) mm 39.3701

28.3495 oz g 0.0353
33.9057 oz/yard2 g�m–2 0.0295
(�F – 32) O 1.8 �F �C (�C · 1.8) + 32
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three locations provided preplant soil
amendments, drip irrigation, frost
protection, spring fertility, and pest
control on an as-needed basis. Soil
samples from each location were sub-
mitted to the Virginia Tech Soils
Testing Laboratory, Blacksburg, VA,
before the establishment of study.
Lime and fertilizer dosage were ap-
plied as per recommendations of the
soil testing laboratory and based on
standard commercial practices for the
region (Poling et al., 2005). The
study at all locations was done in
a randomized complete block design
with three replicates. Additional
background information about each
location can be found in Tables 1
and 2.

Plant stand counts and visual
plant health ratings were collected
monthly for each replicate beginning
on 6 Nov. 2013 (Chesapeake), 30
Oct. 2013 (Virginia Beach), and 28
Oct. 2013 (Westmoreland County).
The plant health visual ratings used
a scale of 0 = all plants dead in
a replicate to 10 = all plants in a rep-
licate looking healthy and vigorous.

We were unable to completely char-
acterize our health ratings, as these
are influenced by both abiotic and
biotic factors affecting crop produc-
tion. Also, changes in plant growth
and development over the period of
the growing season make following
a standard rating chart difficult. In
our study, attributes including smaller
crop leaf canopy, foliar diseases, yel-
lowing and browning of foliage,
resulted in a lower plant health
rating. Plant leaf canopy diameter
measurements were taken for all
plants in the spring season on 20
Mar. 2014, in the cities of Chesapeake
and Virginia Beach and on 11 Mar.
2014 in Westmoreland County.

Harvest for the season began as
soon as ripe fruit was present in the
spring and ended when all short-day
cultivars had no marketable fruit left
on the plant. Fruit by replicate on all
crop plants were harvested two to
three times per week during the har-
vest period. In Chesapeake, harvest
began on 1May 2014 and ended on 6
June 2014; in Virginia Beach, the
harvest period was from 2 May 2014
through 12 June 2014; and in West-
moreland County, harvest began on 8
May 2014 and ended on 2 June 2014.
Total yield, marketable yield, non-
marketable yield, average fruit diam-
eter, and total soluble solids (TSS)
concentration were calculated over
the whole season. At each harvest,
fruit were separated into marketable
and nonmarketable categories in the
field. Marketable fruit comprised fruit
that was 90% to 100% red in color on
the external surface with calyx at-
tached, and free of mold, diseases,
insect, bird, or animal bites. ‘Camino
Real’ was picked at a deeper red stage
due to its dark external fruit color
(Shaw and Larson, 2002). Unmarket-
able fruit represented misshapen, dis-
eased, or deformed fruit and small
fruit less than 10 g in weight. Small
fruit were placed individually on the
weighing scale to determine their
category. Cumulative weights of mar-
ketable and nonmarketable fruit per
replicate were calculated for the sea-
son and divided by the number of
plants per replicate, and then
expressed as yield per plant. Fruit
diameter was measured once each
harvest week, on five marketable
berries per replicate, using a digital
Vernier caliper (Neiko 01407A Elec-
tronic Digital Caliper; Neiko Tools,

Wenzhou, China). Readings (milli-
meters) were recorded at the widest
point on the berry, which was usually
just below the proximal end. After
measuring fruit diameter, berry caly-
ces were removed, and the five fruit
from each replicate were placed in
a labeled, polyethylene freezer bags.
These freezer bags were transported
from the field site in coolers with
freezer packs and placed in a labora-
tory freezer at –14.5 �C. After the
harvest season, freezer bags, each
containing five berries, were removed
from the freezer, thawed, crushed,
and sieved to separate the juice from
the pulp. TSS concentrations (%)
were determined with a refractometer
(MA 871; Milwaukee Instruments
Inc., Rocky Mount, NC) at 21 �C.

DATA ANALYSIS. Data were
checked for normality of residuals
before running the analysis of vari-
ance (ANOVA). A two-way analysis
of location by cultivar was performed
using JMP Pro software (version 13;
SAS Institute, Cary, NC) for the de-
pendent factors including plant can-
opy diameter, crop yields, fruit
diameter, and TSS. Canopy readings
were averaged across subsamples be-
fore statistical analysis (Purdue Uni-
versity, 2017). For each replicate,
fruit diameter, and TSS readings were
averaged for the whole harvest season
and ANOVA was run on the season
average. Data were analyzed sepa-
rately by location when the location
by cultivar interaction was significant
for a dependent factor at a = 0.05. If
the interaction was not significant,
data were pooled to evaluate the
significant main effects. Apparent dif-
ferences amongmeans were evaluated
using the Fisher’s protected least sig-
nificant difference test.

Results and discussion

PLANT HEALTH RATINGS AND

CROP STAND COUNT. Qualitative
health ratings were performed for all
cultivars 1 month after transplanting.
At this time, at all farms, average
health ratings for the season were in
the 7.0 to 9.2 range for all cultivars,
except Flavorfest, which averaged
a health rating of 6.5 in Virginia
Beach and Chesapeake, and 6.3 at
Westmoreland County. At trans-
planting, ‘Flavorfest’ plug plants
exhibited symptoms of angular leaf
spot (Xanthomonas fragariae). These
symptoms subsided by late November
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and did not negatively influence plant
health rating after that date. By March,
Albion was the only cultivar that had an
average health rating between 6.0 and
7.0, which was attributed to smaller
plants relative to other cultivars. Gu
et al. (2017) also reported a smaller
canopy diameter for ‘Albion’ compared
with other cultivars. The initial plant
stand (listed in Table 1) and the final
plant stand (data not shown) for the
season remained unchanged.

CROP CANOPY. Both location and
cultivar affected plant canopy diameter.

In general, plants at the Chesapeake
location had the greatest canopy di-
ameter (25.5 cm), significantly more
than those in Westmoreland County
(22.4 cm) and Virginia Beach (15.0
cm). Plants at the Virginia Beach
location had the smallest canopy di-
ameter. The cause of location effect is
not very clear considering the earlier
planting date and wider plant spacing
at Virginia Beach than at Chesapeake
(Table 2); but, other environmen-
tal and cultural practices including
irrigation, fertigation, and rowcover

management may have influenced
crop canopy.

Similar to observations by Gu
et al. (2017), crop canopy diameter
was lowest for ‘Albion’ in our study
(Table 3). Canopy diameter for
‘Flavorfest’, ‘Strawberry Festival’, and
‘Camino Real’ were larger than for
‘Albion’, but similar to each other.
Both Camino Real and Albion were
described as relatively compact culti-
vars at their times of release (Shaw and
Larson, 2002, 2006). Canopy size for
other cultivars in our study was not

Table 1. Farm-specific preplant fumigation or herbicide treatment details for the strawberry cultivar trials in the 2013–14
growing season in the cities of Chesapeake and Virginia Beach and Westmoreland County, VA.

Location Preplant treatment
Treatment

date

Treatment
rate

(lb/acre)z
Treatment
equipment Predominant soil type

No./
cultivar/
replicatey,x

City of
Chesapeake

1,3-dichloropropene
(63.4%) +
chloropicrin
(34.7%) (Telone
C-35;
TriEst Ag Group,
Greenville, NC)

24 Aug.
2013

135 Three knives system on
a Reddick mulch layer
(TriEst Ag Group,
Greenville, NC)

Bojac fine sandy loam
(coarse-loamy, very
deep, well drained,
parent material: loamy
and sandy fluvial and
marine sediments), in
0% to 10% slope

20 plantsw

City of Virginia
Beach

1,3-dichloropropene
(39%) +
chloropicrin
(59.6%) (Pic-
Clor60;
TriEst Ag Group)

1 Sept.
2013

120 Two knives system on
a Reddick mulch layer
(TriEst Ag Group)

State loam (fine-loamy,
very deep, well drained,
parent material:
Alluvium), normally
found in 0% to 10%
slope

30 plantsv

Westmoreland
County

Napropamide
(Devrinol�
50-DF; United
Phosphorus, Inc.,
King of
Prussia, PA)

24 Sept.
2013

8 Bed top application with
a Rain-Flo mulch layer
(Rain-Flo Irrigation,
East Earl, PA)

Pamunkey fine sandy loam
(fine-loamy, deep, well
drained, parent
material: weathered
igneous and
metamorphic rocks),
normally found in 0% to
15% slope

20 plantsu

z1 lb/acre = 1.1209 kg�ha–1.
yExperimental design was randomized complete block design with three replications.
xAll locations used 1.25 mil (1 mil = 0.0254 mm) black embossed virtually impermeable film and 10mil, 0.5 gal/h (1.89 L�h–1) with 12-inch (1 inch = 2.54 cm) emitter spaced
dripline (Chapin; Jain Irrigation, Inc., Watertown, NY) placed 0.5 inch below soil line at top of bed. All locations had bed dimensions of 30 inches wide by 8 inches high.
wException being ‘Flavorfest’ established at 15 plants per replicate.
vException being ‘Flavorfest’ established at 20 plants per replicate.
uException being ‘Benicia’ established at 16 plants per replicate and ‘Flavorfest’ at 15 plants per replicate because of fewer healthy plug plants.

Table 2. Strawberry planting date, plant spacing, and frost protection strategies for three on-farm locations in coastal
Virginia during the 2013–14 growing season.

Location
Planting
date

Plant spacing
(inches)z,y

Row spacing
(ft)x,w Frost protection strategy

City of Chesapeake 3 Oct. 2013 12 · 12 5 Overhead irrigation, 3498 gal/acre (32.7 m3�ha–1)
per hour

City of Virginia
Beach

29 Sept. 2013 16 · 14 6 1.2 oz/yard2 (40.69 g�m–2) rowcover (Du Pont
5131, Typar T-518; DuPont, Wilmington, DE)

Westmoreland
County

27 Sept. 2013 14 · 12 5 1.2 oz/yard2 rowcover (Atmore Industries, Atmore,
AL)

zFirst number is distance between plants, and the second number is distance between rows on the bed.
y1 inch = 2.54 cm.
x1 ft = 0.3048 m.
wRow orientation at all locations was east-west.
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different. Torres-Quezada et al. (2015)
found no cultivar effects on canopy
diameter at 6 and 18 weeks after trans-
planting of bare-root transplants for
Florida cultivars Florida Radiance,

Strawberry Festival, and Winterstar�
(FL 05-107). In our study, for the
whole season yield, there was a nega-
tive correlation with yield and spring
canopy diameter readings for all the

cultivars (correlation data not shown).
For ‘Albion’, ‘Camarosa’, and ‘Straw-
berry Festival’, a lower canopy size did
not necessarily result in a lower yield
in a California study (Samtani et al.,
2012). The size of crop canopy during
the spring season may not be a very
good predictor of yield potential in the
strawberry crop.

FRUIT YIELD AND QUALITY

PARAMETERS. Harvest season lasted 7
weeks in Virginia Beach (2 May
through 12 June), 6 weeks in Ches-
apeake (1May through 6 June), and 5
weeks in Westmoreland County (5
May through 2 June). Crop yield for
the season was influenced by cultivars.
Cultivar yields from Benicia, Camino
Real, and Chandler were higher than
those for Treasure, Flavorfest, Straw-
berry Festival, Winterstar� (FL 05-
107), Florida Radiance, Sweet Char-
lie, and Albion (Table 3). Total yield
for ‘Albion’, ‘Florida Radiance’, and
‘Sweet Charlie’ were lower than for all
other cultivars except ‘Strawberry
Festival’ and ‘Winterstar�’ (Table
3). ‘Camino Real’, ‘Albion’, ‘Straw-
berry Festival’, and ‘Sweet Charlie’
had the highest ratio of marketable to
nonmarketable yield. Shaw and Lar-
son (2002, 2006) described ‘Camino

Table 3. Strawberry cultivar effect on spring season crop canopy diameter and total yield, marketable to nonmarketable yield
ratio, length of harvest season averaged across locations in Virginia during the 2014 harvest season.

Cultivarz Cultivar origin
Canopy diam

(cm)y
Total yield
(g/plant)x

Marketable/
nonmarketable fruit

(ratio)
Harvest

season (d)

Albion University of California, Davis,
CAy

17.2 ew 347.5 ew 4.0:1 35.3

Benicia University of California, Davis, CA 22.6 ab 656.7 a 2.0:1 33.7
Camarosa University of California, Davis, CA 21.6 abc 571.9 abc 3.1:1 34.0
Camino Real University of California, Davis, CA 20.4 cd 641.1 ab 4.7:1 35.3
Chandler University of California, Davis, CA 21.5 abc 626.2 ab 2.8:1 35.3
Flavorfest United States Department of

Agriculture, Agricultural
Research Center, Beltsville, MD

19.2 d 480.6 cd 2.2:1 31.0

Florida Radiance University of Florida, Gainesville,
FL

21.8 abc 355.7 e 1.5:1 35.3

San Andreas University of California, Davis, CA 21.0 bc 556.6 bc 1.4:1 34.0
Strawberry
Festival

University of Florida, Gainesville,
FL

20.6 cd 388.4 de 4.1:1 35.3

Sweet Charlie University of Florida, Gainesville,
FL

22.7 a 354.5 e 4.3:1 35.3

Treasure P. Chang, Naples, FL 21.6 abc 489.2 c 2.1:1 35.3
Winterstar�
(FL 05-107)

University of Florida, Gainesville,
FL

21.3 abc 386.8 de 1.6:1 34.0

zCultivars evaluated were short-day types except for Albion and San Andreas, which were day-neutral types. The day-neutral cultivars were treated as short-day cultivars.
y1 cm = 0.3937 inch.
x1 g = 0.0353 oz.
wMeans with the same letter within a column are not significantly different according to Fisher’s protected least significant difference test at P £ 0.05.

Table 4. Effect of location and cultivar on marketable yield of 12 strawberry
cultivars in annual hill plasticulture production system in the 2013–14 growing
season in the cities of Chesapeake andVirginia Beach andWestmorelandCounty,
VA.

Cultivarz

City of
Chesapeakey

City of Virginia
Beach

Westmoreland
County

Marketable yield (g/plant)x

Albion 218.9 dew 467.4 de 145.8 e
Benicia 313.6 ab 572.1 cd 420.6 a
Camarosa 318.6 ab 648.0 bc 333.6 abc
Camino Real 363.1 a 839.2 a 383.6 ab
Chandler 339.4 a 753.5 ab 284.2 bcd
Flavorfest 251.5 bcd 513.0 de 219.9 de
Florida Radiance 156.7 e 257.6 g 229.8 cde
San Andreas 222.0 de 467.4 de 274.0 cd
Strawberry Festival 218.6 de 479.7 de 237.4 cde
Sweet Charlie 301.5 abc 417.9 ef 141.4 e
Treasure 239.3 cd 470.6 de 284.1 bcd
Winterstar� (FL 05-
107)

185.9 de 341.1 fg 180.7 de

zCultivars evaluated were short-day types except for Albion and San Andreas, which were day-neutral types. The
day-neutral cultivars were treated as short-day cultivars in our study.
yThe location by cultivar interaction was significant (P = 0.001). Data are analyzed separately for each location.
x1 g = 0.0353 oz.
wMeans with the same letter within a column are not significantly different according to Fisher’s protected least
significant difference test at P £ 0.05.
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Real’ and ‘Albion’ as having lower
cull rates. In our trial, fruit rot caused
by botrytis (Botrytis cinerea), anthrac-
nose (Colletotrichum acutatum), and
sunscald were the primary biotic and
abiotic factors limiting marketable
yield at all locations. Anthracnose
fruit rot was observed during the
harvest of weeks 3 and 4 at all loca-
tions. The heaviest infections of an-
thracnose fruit rot were observed on
‘San Andreas’ and ‘Benicia’ in the
City of Chesapeake (data not shown).
Throughout the harvest period, at all

locations, some sunscald was found
on all cultivars, with the heaviest
damage on ‘San Andreas’ fruit at all
three locations (J.B. Samtani, per-
sonal observations). These observa-
tions are reflected in the marketable
to nonmarketable yield ratio pre-
sented in Table 3.

There was a significant location
by cultivar interaction for marketable
yield for the season (Table 4). Data
for each location were analyzed sepa-
rately. In the City of Chesapeake,
the highest marketable yield was

observed in ‘Camino Real’ and
‘Chandler’. Other cultivars including
Benicia, Camarosa, and Sweet Charlie
had statistically similar yields to
Camino Real and Chandler. In the
City of Virginia Beach, the highest
yielding cultivars were Camino Real
and Chandler. ‘Camarosa’ yield was
similar to ‘Chandler’, but lower than
‘Camino Real’. ‘Florida Radiance’ was
the lowest yielding cultivar in the
Virginia Beach location and was
similar to ‘Winterstar�’ (FL 05-107)
yield. InWestmorelandCounty, Benicia

Table 5.Marketable harvest yield byweek in 2014 of select strawberry cultivars in annual hill plasticulture production system
at three on-farm locations in coastal Virginia.

Marketable yield (g/plant)z

Cultivar Week 1y Week 2 Week 3 Week 4 Week 5 Week 6 Week 7

City of Chesapeake
Albion 1.4 40.2 97.5 48.6 28.4 2.8 –x

Benicia 4.0 42.6 155.6 83.7 26.4 1.3 –
Camarosa 0.2 21.8 133.5 123.5 37.5 2.1 –
Camino Real 4.4 51.5 169.2 108.1 24.3 5.6 –
Chandler 9.4 28.7 129.0 125.5 43.9 2.9 –
Flavorfest 0.0 29.3 98.4 98.7 23.2 1.9 –
Florida Radiance 0.9 35.1 71.0 38.7 10.4 0.6 –
San Andreas 1.0 27.9 101.7 50.0 37.3 4.1 –
Strawberry Festival 2.3 35.9 96.6 72.4 11.1 0.3 –
Sweet Charlie 12.1 100.0 147.1 34.6 3.7 4.0 –
Treasure 4.8 20.0 91.3 92.8 27.3 3.1 –
Winterstar� (FL 05-107) 3.9 30.3 76.0 62.3 11.9 1.5 –

City of Virginia Beach
Albion 0.3 8.7 124.6 160.4 95.2 38.2 40.0
Benicia 2.1 26.8 184.0 283.3 65.9 2.6 7.4
Camarosa 0.2 6.5 144.5 330.0 148.8 12.0 6.0
Camino Real 0.2 31.2 305.5 354.8 102.7 16.7 28.1
Chandler 0.3 7.3 210.0 360.5 136.3 20.5 18.6
Flavorfest 0.0 35.0 95.5 233.9 131.8 12.9 3.9
Florida Radiance 0.3 6.6 74.0 125.9 43.7 1.2 5.9
San Andreas 0.0 12.8 139.7 210.6 96.4 3.3 4.6
Strawberry Festival 4.8 40.3 160.5 192.7 73.5 5.5 2.4
Sweet Charlie 8.3 79.1 202.4 75.4 8.8 21.6 22.3
Treasure 3.2 17.6 126.8 224.0 79.8 13.7 5.5
Winterstar� (FL 05-107) 0.0 17.9 129.7 134.9 48.7 4.3 5.6

Westmoreland County
Albion – w 16.8 62.1 37.7 21.6 7.6 –
Benicia – 96.8 189.0 119.6 15.2 0.0 –
Camarosa – 69.1 122.7 98.3 37.6 5.9 –
Camino Real – 57.5 118.9 125.4 68.4 13.4 –
Chandler – 43.5 82.0 109.0 41.1 8.6 –
Flavorfest – 2.5 87.8 86.7 37.0 5.9 –
Florida Radiance – 39.0 100.4 63.2 23.0 4.2 –
San Andreas – 44.9 123.8 65.6 31.5 8.2 –
Strawberry Festival – 103.5 74.0 46.2 12.3 1.4 –
Sweet Charlie – 51.9 58.4 26.6 2.4 2.1 –
Treasure – 62.7 127.7 71.4 20.9 1.4 –
Winterstar� (FL 05-107) – 48.6 83.5 36.7 10.6 1.3 –
z1 g = 0.0353 oz.
yWeek 1 = 1 to 3 May; week 2 = 4 to 10 May; week 3 = 11 to 17 May; week 4 = 18 to 24 May; week 5 = 25 to 31 May; week 6 = 1 to 6 June; week 7 = 7 to 13 June.
xThere was no yield in week 7 of the harvest season in City of Chesapeake.
wThere was no yield in weeks 1 and 7 of the harvest season in Westmoreland County.
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was the highest yielding cultivar, but
not different from Camarosa and
Camino Real. Yield data for the
highest yielding cultivars are pre-
sented by harvest week in Table 5.
May was the peak month of harvest.
The yield of ‘Florida Radiance’ in
our open field was not as high as
yield observed by Gu et al. (2017)
under the high-tunnel environ-
ment. ‘Florida Radiance’ can pro-
duce more flowers under long-day
conditions than traditional short-
day cultivars, thus performing bet-
ter in the protected culture environ-
ment (Whitaker et al., 2013). ‘Sweet
Charlie’ yielded moderately well at
Chesapeake location compared with

Virginia Beach and Westmoreland
County. Significant cultivar by en-
vironment interaction can result
fromdifferences in planting date, plant
density, and environment (Lopez-
Medina et al., 2001). Factors such as
row and plant spacing, irrigation and
fertigation, bed dimensions, and
preplant pest treatments influence
crop yield. In our study, the plants
were spaced wider in Virginia Beach
and that seemed to have a positive
response on marketable yield per plant.
In three different environments across
California, in 47 strawberry cultivars,
significant genetic differences to
powdery mildew (Sphaerotheca mac-
ularis) were demonstrated (Nelson

et al., 1996). Environmental factors
such as soil pH, available potassium,
and phosphorus fertility accounted
for a large amount of the cultivar by
environment interaction (Ortiz et al.,
2007).

There was also a significant loca-
tion by cultivar interaction effect on
berry fruit diameter. Data for each
location were analyzed separately.
There was very little separation
among cultivars at the Chesapeake
location, but Albion had the largest
fruit diameter at Virginia Beach, al-
though similar to ‘Camino Real’ (Ta-
ble 6). ‘Benicia’ had the largest fruit
diameter at the Westmoreland site,
and cultivars Strawberry Festival,
Sweet Charlie, Treasure, and Winter-
star� (FL 05-107) had the smallest
fruit diameter. Overall, for all loca-
tions, ‘Benicia’ and ‘Camino Real’
had the largest fruit diameter and
‘Strawberry Festival’ had the smallest
fruit diameter. ‘Albion’ fruit diameter
was larger at Virginia Beach and
Chesapeake sites but their fruit di-
ameter was slightly smaller relative to
the other cultivars at Westmoreland
County site.

The flavor of strawberries is de-
pendent on TSS and aroma-active
compounds, both of which can vary
significantly at each harvest (Pozo-
Insfran et al., 2006). The TSS can
be influenced by the interaction of
numerous factors, including light in-
tensity, soil and plant moisture con-
tent, fertility, and leaf to fruit ratio
(Cao et al., 2015; Carlen et al., 2007;
Choi et al., 2014). Due to the

Table 6. Interaction effect of location and cultivar on mean fruit diameter (at the widest point of the berry) of select
strawberry cultivars grown at three on-farm locations in coastal Virginia in 2014 harvest season.

Cultivarz,y
City of Chesapeake City of Virginia Beach Westmoreland County

Fruit diam (mmx)

Albion 33.3 abcw 38.3 a 33.6 c–e
Benicia 36.2 a 36.5 b 39.2 a
Camarosa 32.0 cd 33.4 de 33.8 b–e
Camino Real 35.3 ab 37.2 ab 36.1 b
Chandler 31.4 cd 34.0 cd 34.1 b–d
Flavorfest 31.2 cd 35.2 c 35.2 bc
Florida Radiance 33.6 abc 34.3 cd 33.1 c–f
San Andreas 33.4 abc 34.9 cd 35.3 bc
Strawberry Festival 29.6 d 31.9 f 29.9 g
Sweet Charlie 31.9 cd 34.1 cd 31.2 fg
Treasure 32.4 bcd 33.3 de 31.7 efg
Winterstar� (FL 05-107) 29.7 d 34.9 cd 32.2 d–g
zCultivars evaluated were short-day types except for Albion and San Andreas, which were day-neutral types.
yThe location by cultivar interaction was significant (P = 0.001). Data are analyzed separately for each location.
x1 mm = 0.0394 inch.
wMeans with the same letter within a column are not significantly different according to Fisher’s protected least significant difference test at P £ 0.05.

Table 7. Range of total soluble solids concentration [TSS (%)] of 12 strawberry
cultivars in annual hill plasticulture production system in the 2014 harvest
season in the cities of Chesapeake andVirginia Beach andWestmorelandCounty,
VA.

Cultivarz

City of
Chesapeake

City of Virginia
Beach

Westmoreland
County

TSS concn (%) range

Albion 8.9–6.5 8.6–6.7 8.9–7.2
Benicia 8.4–5.4 9.9–4.4 6.9–4.9
Camarosa 8.0–5.6 8.7–5.6 9.6–6.7
Camino Real 7.8–5.5 5.3–4.8 7.7–5.7
Chandler 9.6–5.2 9.9–6.3 8.4–7.2
Flavorfest 8.5–6.5 7.6–6.8 10.4–7.2
Florida Radiance 7.1–5.3 8.0–4.5 7.5–5.4
San Andreas 7.4–5.3 6.7–5.4 7.5–6.0
Strawberry Festival 8.5–5.4 8.9–6.5 9.2–6.9
Sweet Charlie 10.5–6.5 10.3–6.9 8.6–7.3
Treasure 9.1–5.4 8.5–5.6 7.9–6.0
Winterstar� (FL 05-
107)

7.6–5.4 7.9–5.7 8.2–5.9

zCultivars evaluated were short-day types except for Albion and San Andreas, which were day-neutral types.
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complexity in understanding these
factors for each location, we ran our
statistical analysis on TSS readings
averaged across the harvest season.
We provide the range of TSS concen-
tration values in Table 7. The average
TSS concentration for the season was
influencedonly by cultivars. ‘Flavorfest’
had the highest TSS content, although
not different from ‘Sweet Charlie’ (Fig.
1). Lewers et al. (2017) reported
a higher TSS averaging 7.7% for ‘Fla-
vorfest’ over 7.3% for ‘Chandler’ from
multiyear trials in Beltsville, MD. This
is consistent with our findings of an
average TSS across all locations of 8.4%
for ‘Flavorfest’ over 7.5% for ‘Chan-
dler’. ‘Sweet Charlie’ is an early fruiting
short-day cultivar and is known for its
sweet flavor (Chandler et al., 1997). In
a trial involving five short-day cultivars,
Sweet Charlie and Strawberry Festival
had the highest TSS content under
conventional production systems, al-
though the differences among cultivars
were not always statistically different
(Macit et al., 2007).

Our findings indicate that ‘Beni-
cia’ and ‘Camino Real’ can yield as
well in different locations, production
practices, and soil types of southeast-
ern Virginia as ‘Chandler’ and

‘Camarosa’, the two most commonly
grown cultivars in Virginia. Relative
to ‘Chandler’ and ‘Camarosa’, ‘Beni-
cia’ is a more recent cultivar released
by the University of California and is
marketed for its high yield and large
fruit (Gasic and Preece, 2014). ‘San
Andreas’ and ‘Albion’ seem to be
promising day-neutral cultivars, al-
though we could not evaluate their
full potential in our trials, as we
treated them like short-day cultivars.
To evaluate the true potential of day-
neutral cultivars, and determine their
fall-bearing potential, they need to be
transplanted in fruiting fields by the
first week in September and getting
plug plants that early can be challeng-
ing for Virginia fruit producers.
Moreover, the objective of our study
was to determine alternative cultivars
to Chandler and Camarosa that
growers can adopt in coastal Virginia,
with little change to existing cultural
practices. ‘Flavorfest’ and ‘Sweet
Charlie’ produced berries with high
TSS, offering additional marketing
opportunities for direct consumer
markets.

Our findings of this study were
mostly similar to those by Gu et al.
(2017), and our regional cultivar

recommendations are similar to
North Carolina Cooperative Extension
(2020). Although, in a cultivar trial
study in North Carolina, ‘Camarosa’
did not yield as well as ‘Benicia’,
‘Camino Real’, and ‘Chandler’, per-
haps due to plant loss from disease
incidences (North Carolina Coopera-
tive Extension, 2015). Findings from
this Virginia cultivar evaluation study
have been disseminated at preplant
meetings in Virginia and the Southeast
Strawberry Expo in Pinehurst, NC, in
2014. As a result, there has been
a strong interest in ‘Camino Real’ in
the mid-Atlantic and south-Atlantic re-
gion of the United States. Growers de-
scribe ‘Camino Real’ fruit to be good
tasting and this cultivar can withstand
rain in open-field conditions. ‘Flavor-
fest’ has also seen an increase in interest
among growers in the mid-Atlantic re-
gion of the United States during this
time due to its flavor attributes. ‘Beni-
cia’, despite its high-yield attribute, lacks
in flavor, an important trait for local
food markets. Strawberry breeding in-
fluences response of cultivars to fertil-
ization practices and additional work in
determining optimum fertilizer doses
for cultivar and type is needed for the
south-Atlantic region (Dixon et al.,
2019; Santos and Chandler, 2009).
Findings from this study have helped
with diversification of strawberry culti-
vars at farm level. This has implications
for improved sustainability for locally
grown food.
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