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ABSTRACT. In strawberry (Fragaria ×ananassa), initial bare-root crown diameter
and early-season flower cluster removal have been two factors suspected of
influencing fruit yield and size. This study evaluated the effect of these two
factors on the day-neutral strawberry varieties Monterey and Cabrillo. Bare-root
crowns with three different diameters were categorized into small (< 0.5 cm),
medium (> 0.5 to 1 cm), and large (> 1 cm) at planting. Each of the crown
diameter treatments was split into two plots for flower removal or no flower
removal in the early season and data on canopy diameter, fruit yield, and fruit
size collected in the subsequent months of production. The study was conducted
over two growing seasons (2019–20 and 2020–21). No difference was found in
plant canopy diameters measured in February, ~3 months after planting, between
any of the treatments in either year. Although early-season flower removal and
some crown sizes resulted in lower fruit yield in March and April, none of these
treatments resulted in any fruit yield or size differences in subsequent months
nor in season end totals.

California is the leading pro-
ducer of fresh market straw-
berries (Fragaria ×ananassa)

in the United States, with a production
value of more than $2 billion in 2021,
representing some 79% of the strawber-
ries consumed in the United States and
exporting 16% of the total state produc-
tion, mostly to Canada, Mexico, Japan,
and Hong Kong (Agricultural Market-
ing Resource Center 2021).

The Central Coast region consist-
ing of Watsonville and Salinas is the
leading strawberry production district
in California. Ground preparation starts
in midsummer, followed by soil fumi-
gation in August and early September,
and then bedding, placement of pre-
plant fertilizer, and drip irrigation tape

in late September and early October,
followed by plastic mulch placement
shortly thereafter. Planting is done dur-
ing the last week of October through
mid-November. Plants are maintained
through the winter, and harvest gener-
ally commences in late March or early
April of the following year and contin-
ues on through August or September
(Bolda et al. 2021) after which the field
is rotated to vegetable production for
at least 1 year.

Although fruit quantity and size
are a priority to the grower, the plant
itself is the critical element in deter-
mining both of these characteristics.
Two important aspects of plant manage-
ment for fruit production for growers,
yet not well understood for the day-
neutral varieties grown on the Central
Coast of California, are the role of ini-
tial bare-root crown diameter at trans-
planting time and the management of

flowering, in particular the early re-
moval of the flower clusters, in shifting
and enhancing fruit yield and size to
take advantage of more lucrative mar-
ket times.

Strawberry crowns are compressed
stems that produce the flowers, leaves,
and roots. Bare-root crowns are subse-
quent generations of genetically identi-
cal daughter plants arising from stolons
from the main mother plant. These are
grown at high elevation in northern
California in plant nurseries during
summer and early fall and compose
nearly the entire plant stock of Califor-
nia strawberry production (University
of California 2008). Bare-root crowns
grown for transplants intended for plant-
ing in the Watsonville-Salinas area are
harvested from the middle of October
through early November, then shipped
in refrigerated trucks and stored locally
for a requisite period of time, usually
from 7 to 14 d, at 1 �C to obtain suffi-
cient cold conditioning (University of
California 2008).

There is a substantial variation in
crown sizes harvested in the California
nurseries, from crowns of only a few
millimeters diameter and few roots,
others being �1 cm diameter and
with abundant root formation, and
ranging up to crowns of substantial
root development and diameters greater
than 1 cm diameter (Bolda MP, unpub-
lished data). Given the wide variation
in crown sizes provided by nurseries
to California growers every season, of
which up to a third can be of very small
size (<0.5 cm) with few roots (Bolda
MP, unpublished data), it would be a
useful question to answer for growers
how these different bare-root crown
sizes ultimately perform in the field.

A larger crown size, being gener-
ally representative of the first or second
daughter plants produced, has more
roots, more leaves, more starch reserves,
and more early-stage flower buds
because it is more developed than
later produced smaller daughter plants

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
102.7902 acre-inch(es) m3 0.0097
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
(�F � 32) � 1.8 �F �C (�C × 1.8) 1 32
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(University of California 2008). Be-
cause several studies have indicated
positive correlations of crown size and
total fruit production (Bartczak et al.
2010; Menzel and Smith 2012; Takeda
et al. 2004) with other strawberry varie-
ties in other growing regions, it would
be valuable to investigate such a correla-
tion on the Central Coast of California
with other varieties.

None of the previously cited work
and observations applies to the day-
neutral varieties, being that those varie-
ties are less responsive to daylength
(Galletta and Bringhurst 1989), which
compose a large portion of the straw-
berries planted in California, especially
on the Central Coast. As opposed to
the short-day varieties, day-neutral va-
rieties do not need photoperiods of
less than 14 h for flower initiation
(Galletta and Bringhurst 1989), and
they flower and fruit continuously
without regard to photoperiod. There-
fore, in addition to the question re-
garding effect of bare-root crown size
on strawberry productivity, there is
also the question of early-season flower
cluster removal from day-neutral varie-
ties, which do not need photoperiods
of a set length to initiate flowers and
subsequently produce fruit.

Flowers arise from the crown and
represent a sink for plant energy re-
serves, and their removal can increase
the proportion of leaf area to inflores-
cence number and result in a more vig-
orous plant (Nicoll and Galletta 1987).
Flower removal is frequently practiced
by California strawberry growers to de-
lay fruiting and with the intention to
promote vegetative growth, and costs
in the area of $200 to $400 per acre
(Bolda MP, unpublished data).

The effect of early flower removal
on strawberry plant performance in the
field has not been empirically evaluated
in California. Flower removal in the early
part of the season has been shown in
work done in Delaware (Ernest and
Johnson 2015) to delay fruiting and re-
sulted in greater fruiting later in the sea-
son. Other work (Takeda and Hokanson
2003) showed that removal of flowers in
the first weeks of growth resulted in
higher yields and fruit weight later in the
season in several day-neutral varieties and
one short-day variety grown hydroponi-
cally. In another study (Portz and Non-
necke 2010), larger fruit resulted after
removal of flowers and runners in the
varieties Albion and Tribute, but not

in Seascape. However, other work
(Demirsoy et al. 2019) on the day-
neutral strawberry variety Albion and
the short-day variety Sweet Anne with
four regimens of flower removal, in-
cluding one with no removal, found
no significant differences in total fruit
yield or plant biomass between any of
the treatments. Work exploring the
effect of the removal of strawberry
flowers in the short-day variety Elsanta
(Cross and Burgess 1998) found that
although smaller plants resulted in re-
duced yield in proportion to the flower
buds removed, the larger plants of the
study compensated for the removal by
producing larger fruit from the remain-
ing buds and the production of more
buds overall.

Because the number of flowers has
been positively correlated to crown size
(Nicoll and Galletta 1987), the relation
of these two factors is an important part
of this study, along with their observa-
tion independent of one another. The
purpose of this study was to evaluate
the interaction of bare-root crown
size at planting and early-season flower

cluster removal and subsequent plant
performance in the day-neutral straw-
berry varieties Cabrillo and Monterey
on the Central Coast of California.

Material and methods
The research was conducted in

two major commercial strawberry pro-
duction areas in California (Watsonville
and Salinas) for 2 consecutive years
(2019–20 and 2020–21). In all cases,
strawberry plots were planted as an
annual crop; planted in the fall, grown
through the winter and summer of
the following year, and then removed
in the following fall. The management
of the test plots resembled the fertil-
ity, irrigation, and pest control practi-
ces common to the Central Coast
of California strawberry industry.
After transplanting, plots were im-
mediately irrigated using overhead
sprinklers delivering �1 acre-inch of
water, and subsequently irrigated as
needed with overhead for the next
month, after which plots were irrigated
with drip irrigation as needed, about
twice per week.

Table 1. Strawberry plant canopy diameters 16 and 11 weeks after planting
(WAP) in response to three bare-root crown diameters [small (< 0.5 cm), me-
dium (> 0.5 to 1 cm), large (> 1 cm)] and early-season flower removal or no re-
moval in the strawberry variety Cabrillo.

Crown size Flower removal

Plant canopy diam (cm)i

16 WAP 11 WAP

Large crowns Flowers not removed 14.2 18.4
Large crowns Flowers removed 16.9 18.7
Medium crowns Flowers not removed 15.3 16.0
Medium crowns Flowers removed 16.4 16.9
Small crowns Flowers not removed 15.3 17.6
Small crowns Flowers removed 16.7 17.8
Significance NSii NS
i 1 cm 5 0.3937 inch.
ii Nonsignificant at P 5 0.05 according to Fisher’s protected least significant difference test.

Table 2. Strawberry plant canopy diameters at 13 and 10 weeks after planting
(WAP) in response to three bare-root crown diameters [small (< 0.5 cm), me-
dium (> 0.5 to 1 cm), large (> 1 cm)] and early-season flower removal or no re-
moval in the strawberry variety Monterey.

Crown size Flower removal

Plant canopy diam (cm)i

13 WAP 10 WAP

Large crowns Flowers not removed 19.0 17.7
Large crowns Flowers removed 18.3 18.0
Medium crowns Flowers not removed 17.8 17.9
Medium crowns Flowers removed 17.4 17.1
Small crowns Flowers not removed 19.2 17.5
Small crowns Flowers removed 18.3 18.7
Significance NSii NS
i 1 cm 5 0.3937 inch.
ii Nonsignificant at P 5 0.05 according to Fisher’s protected least significant difference test.
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In both Watsonville and Salinas,
before planting, strawberry bare-root
crowns were sorted into three groups,
each of which roughly composes one-
third of each 1000-transplant box
purchased by the grower (Bolda MP,
unpublished data), based on crown
diameter. The strawberry crowns, which
are generally round, were measured
with a caliper (Empire Slide Pocket
Caliper; Empire Level Manufacturing
Co., Mukwonago, WI, USA), and sorted
by diameter into those larger than 1 cm,
those between 0.5 and 1 cm, and those
defined as small, being very narrow in di-
ameter (less than 0.5 cm), and having
only two to three roots. Once sorted,
crowns were immediately planted into
pre-punched holes in the plastic mulch
followed by packing soil around them
and irrigating them in the standard
manner (University of California 2008).

Variety Cabrillo, grown in Salinas:
In both years, strawberry transplants of
the variety Cabrillo were planted into
beds 52 inches wide and covered with a
1.5-mil flat silver plastic film (EcoPoly,
Hollister, CA, USA). The soil for both
years is classified as a Chualar sandy
loam (fine-loamy, mixed, superactive,
thermic Typic Argixerolls). In year 1,
bare-root transplants were harvested
from Macdoel, CA, USA on 4 Nov
2019, held at �1 �C until 13 Nov
2019 when crowns were removed from
refrigeration and planted. The location
of the field was northeast of Salinas (lat.
36.73�N, long. 121.65�W). In year 2,
bare-root transplants were harvested
from Macdoel on 29 Oct 2020, held at
�1 �C until 9 Nov 2020 when crowns
were removed from refrigeration and
planted. Location of the field was
northwest of Salinas (lat. 36.73�N,
long. 121.71�W) and is a soil classified
as a Chualar sandy loam.

Variety Monterey, grown in Wat-
sonville: In both years, strawberry
transplants of the variety Monterey
were planted into beds 54 inches wide
and covered with a 1.5-mil flat silver
plastic film (TRM Manufacturing,
Torrance, CA, USA). The soil of the
fields for both years is classified as a
Baywood loamy sand (sandy, mixed,
thermic Haploxerolls). In year 1,
bare-root transplants were harvested
from Macdoel, CA, on 28 Oct 2019,
held at �1 �C until 6 Nov 2019 when
crowns were removed from cold stor-
age and planted. Location of the field
is in the area west of Watsonville (lat.T

ab
le

3.
Fr

ui
t
yi
el
d
an

d
si
ze

by
m
on

th
in

20
20

in
re
sp
on

se
to

th
re
e
ba

re
-r
oo

t
cr
ow

n
di
am

et
er
s
[s
m
al
l
(<

0.
5
cm

),
m
ed

iu
m

(>
0.
5
cm

to
1
cm

),
la
rg
e
(>

1
cm

)]
an

d
ea
rl
y-
se
as
on

fl
ow

er
re
m
ov

al
or

no
re
m
ov

al
in

th
e
st
ra
w
be

rr
y
va
ri
et
y
M

on
te
re
y.

C
ro

w
n
si
ze
,

fl
ow

er
re
m
ov

al

M
ar

yi
el
d

(k
g·
ha

2
1
)i

M
ar

fr
ui
t

si
ze

(g
)i

A
pr

yi
el
d

(k
g·
ha

2
1
)

A
pr

fr
ui
t

si
ze
(g
)

M
ay

yi
el
d

(k
g·
ha

2
1
)

M
ay

fr
ui
t

si
ze
(g
)

Ju
n

yi
el
d

(k
g·
ha

2
1
)

Ju
n

fr
ui
t

si
ze

(g
)

Ju
l

yi
el
d

(k
g·
ha

2
1
)
Ju

l
fr
ui
t

si
ze

(g
)

A
ug

yi
el
d

(k
g·
ha

2
1
)

A
ug

fr
ui
t

si
ze

(g
)

Se
p

yi
el
d

(k
g·
ha

2
1
)

Se
p

fr
ui
t

si
ze

(g
)

T
ot
al

yi
el
d

(k
g·
ha

2
1
)

A
vg

fr
ui
t

si
ze

(g
)

L
ar
ge

cr
ow

ns
,

fl
ow

er
s
no

t
re
m
ov

ed

80
7
ab

18
.4

d
36

76
a

39
.9

14
08

2
39

.0
19

39
8

26
.2

11
66

2
23

.4
19

16
2

25
.6

87
01

23
.7

77
48

8
28

.0

L
ar
ge

cr
ow

ns
,

fl
ow

er
s

re
m
ov

ed

65
c

40
.0

a
30

25
ab

44
.4

14
39

7
36

.1
20

29
4

25
.7

11
98

8
25

.3
18

51
3

24
.7

87
07

23
.3

76
98

9
31

.5

M
ed

iu
m

cr
ow

ns
,

fl
ow

er
s
no

t
re
m
ov

ed

53
8
b

21
.7

cd
16

20
c

39
.1

12
33

9
39

.4
20

14
6

26
.0

12
17

9
24

.1
19

47
2

24
.7

82
84

24
.6

74
57

8
28

.9

M
ed

iu
m

cr
ow

ns
,

fl
ow

er
s

re
m
ov

ed

13
2
c

30
.7

b
12

56
c

42
.2

10
68

7
40

.5
19

83
2

20
.7

13
28

3
24

.5
17

61
4

24
.3

83
74

24
.0

71
17

9
30

.1

Sm
al
lc

ro
w
ns
,

fl
ow

er
s
no

t
re
m
ov

ed

96
2
a

24
.3

c
22

61
bc

40
.9

12
59

6
34

.8
21

03
5

26
.5

12
83

4
25

.4
21

86
9

25
.5

80
40

20
.6

84
73

0
29

.7

Sm
al
lc

ro
w
ns
,

fl
ow

er
s

re
m
ov

ed

56
c

34
.5

ab
14

47
c

42
.7

12
98

9
38

.6
20

05
6

25
.2

11
55

7
24

.2
18

30
7

24
.6

76
16

23
.7

72
02

8
31

.2

Si
gn

ifi
ca
nc

ei
i

*
*

*
N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

i
1
kg

·h
a�

1
5

0.
89

22
lb
/
ac
re
,
1
g
5

0.
03

53
oz

.
ii
V
al
ue

s
fo
llo

w
ed

by
di
ffe

re
nt

le
tt
er
s
m
ea
n
tr
ea
tm

en
ts

ar
e
si
gn

ifi
ca
nt
ly

di
ffe

re
nt

(P
5

0.
05

)
ac
co
rd
in
g
to

Fi
sh
er
’s
pr
ot
ec
te
d
le
as
t
si
gn

ifi
ca
nt

di
ffe

re
nc
e
te
st

w
ith

in
w
ee
ks

af
te
r
pl
an
tin

g;
N
S
5

no
ns
ig
ni
fi
ca
nt
,
*
5

si
gn

ifi
ca
nt
.

344 � August 2023 33(4)



36.90�N, long. 121.82�W). In year 2,
bare-root transplants were harvested
from Macdoel on 31 Oct 2020, held
at �1 �C until 10 Nov 2020 when
crowns were removed from cold stor-
age and planted. Location of the field
is west of Watsonville (lat. 36.90�N,
long. 121.82�W).

The experiment was laid out in a
split-plot design in a randomized com-
plete block, with each block consisting
of one replicate of each treatment. Rep-
licate plots of 40 plants of one crown
size were split into two subplots, one
for removal of flowers and the other for
no flower removal, resulting in each
replicate plot consisting of 20 plants. In
each field of the study, two blocks were
consecutive on a bed, and the next two
blocks in the bed next to it. For statisti-
cal analysis, the factors of growing year,
crown size, and flower removal and
their interactions were tested for signifi-
cance (P< 0.05), and the measured pa-
rameters of plant canopy diameter, fruit
yield, and fruit size were compared by
factorial analysis of variance using a
mean comparison test (ARM version 9;
GDM Solutions, Inc., Brookings, SD,
USA). Treatment means were com-
pared using Fisher’s protected least sig-
nificant difference test (P< 0.05).

In year 1, any visible flowers,
flower clusters, and forming fruit were
removed by hand from the plants in
plots designated to be “no flowers” on
8 Jan, 22 Jan, and 21 Feb 2020 at the
Monterey site and 9 Jan, 23 Jan, and
21 Feb 2020 at the Cabrillo site, and
in year 2 of the study, visible flowers,
flower clusters, and forming fruit were
removed from the Monterey site on 5
and 18 Feb 2021, and on 4 Feb,
18 Feb, and 3 Mar 2021 at the Cabrillo
site. To evaluate early-season plant vigor,
on 19 Feb 2020 for both varieties, and
on 4 and 5 Feb 2021 for the Monterey
plots and Cabrillo plots, respectively, the
canopy diameters of 20 plants were
taken by measuring once across the
widest breadth of each plant with a
ruler marked in millimeters.

Harvesting for both years was
done once or twice per week as per
commercial practice, meaning all the
fully mature and market-quality fruit of
at least an approximate 20 g in weight
were picked out of each 20-plant treat-
ment replicate, weighed in grams, and
counted. Fruit size for each harvest
date was determined by dividing the
total weight of all fruit from eachT
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replicate plot and dividing by the num-
ber of fruit counted. Note that in
2021, fruit size was not measured until
May in the Cabrillo site and until April
in the Monterey site because number
of fruit was too low for meaningful
analysis until these months. Fruit size
and yield for each variety and each year
was evaluated by month and are pre-
sented as such.

Results and discussion
There was no significant variation

in plant diameters between any of the
treatments in Monterey when mea-
sured at 13 and 10 weeks after planting
(WAP) in 2020 and 2021 (Table 1),
respectively. Likewise, in the variety
Cabrillo there was no variation in plant
diameters 16 and 11 WAP in 2020
and 2021 (Table 2), respectively.

That all plant diameters were statis-
tically the same in size by late winter
points to a similar rate of vegetative
growth of all three bare-root crown sizes
once planted. This similarity in canopy
sizes from different bare-root crown
sizes several months after transplant has
been observed a study similar to this one
(Torres-Quezada et al. 2015).

There was a significant interac-
tion between growing year and total
fruit yields for both varieties in this
study, and thus data were analyzed by
growing season (Tables 2–6).

There was no significant interac-
tion between crown size and flower
removal in any variety or year, and
there was no consistent differential re-
sponse of any crown size to presence
or absence of flowers in any month or
in season totals.

In Mar 2020 and 2021, in Monte-
rey, all crown size treatments with no
flower removed yielded significantly
more fruit than those crowns where
flowers remained (Tables 3 and 4). In
Mar 2020 within the group of crowns
with flowers not removed, small crowns
yielded significantly more than medium
crowns with flowers, but were not sig-
nificantly higher than the large crowns,
and in Mar 2021, this effect was re-
versed and large crowns produced sig-
nificantly more fruit than small crowns
(Table 3). For both years, some signifi-
cant differences between treatments
continued into April, with both treat-
ments of large crowns being signifi-
cantly higher than both medium crown
treatments in 2020, and in 2021 large
and medium crowns with no flowers T
ab

le
5.

Fr
ui
t
yi
el
d
an

d
si
ze

by
m
on

th
in

20
20

in
re
sp
on

se
to

th
re
e
ba

re
-r
oo

t
cr
ow

n
di
am

et
er
s
[s
m
al
l
(<

0.
5
cm

),
m
ed

iu
m

(>
0.
5
cm

to
1
cm

),
la
rg
e
(>

1
cm

)]
an

d
ea
rl
y-
se
as
on

fl
ow

er
re
m
ov

al
or

no
re
m
ov

al
in

th
e
st
ra
w
be

rr
y
va
ri
et
y
C
ab

ri
llo

.

C
ro

w
n
si
ze
,

fl
ow

er
re
m
ov

al

M
ar

yi
el
d

(k
g·
ha

2
1
)i

M
ar

fr
ui
t

si
ze

(g
)i

A
pr

yi
el
d

(k
g·
ha

2
1
)

A
pr

fr
ui
t

si
ze

(g
)

M
ay

yi
el
d

(k
g·
ha

2
1
)

M
ay

fr
ui
t

si
ze

(g
)

Ju
n

yi
el
d

(k
g·
ha

2
1
)

Ju
n

fr
ui
t

si
ze

(g
)

Ju
l

yi
el
d

(k
g·
ha

2
1
)
Ju

l
fr
ui
t

si
ze

(g
)

A
ug

yi
el
d

(k
g·
ha

2
1
)

A
ug

fr
ui
t

si
ze

(g
)

Se
p

yi
el
d

(k
g·
ha

2
1
)

Se
p

fr
ui
t

si
ze

(g
)

T
ot
al

yi
el
d

(k
g·
ha

2
1
)

A
vg

fr
ui
t

si
ze

(g
)

L
ar
ge

cr
ow

ns
,

fl
ow

er
s
no

t
re
m
ov

ed

48
2

22
.9

86
4

43
.0

79
19

25
.3

33
65

9
30

.6
30

66
8

26
.8

16
35

4
27

.8
95

28
28

.3
99

47
3

29
.0

L
ar
ge

cr
ow

ns
,

fl
ow

er
s

re
m
ov

ed

67
17

.8
14

32
39

.5
77

51
22

.8
36

10
0

31
.4

32
25

8
26

.9
15

02
4

27
.9

94
79

29
.1

10
21

10
28

.3

M
ed

iu
m

cr
ow

ns
,

fl
ow

er
s
no

t
re
m
ov

ed

33
5

23
.8

14
18

36
.0

66
36

21
.5

34
05

4
29

.1
32

25
9

26
.5

14
14

2
26

.7
93

61
27

.9
99

20
6

27
.3

M
ed

iu
m

cr
ow

ns
,

fl
ow

er
s

re
m
ov

ed

13
7

26
.4

14
72

40
.6

72
37

20
.5

35
01

6
30

.4
29

44
3

26
.3

16
06

8
28

.3
92

58
26

.9
98

63
1

27
.5

Sm
al
lc

ro
w
ns
,

fl
ow

er
s
no

t
re
m
ov

ed

43
9

23
.4

12
76

33
.6

75
88

24
.6

31
08

6
29

.7
29

67
8

27
.4

15
43

6
26

.5
98

95
28

.4
95

39
8

27
.9

Sm
al
lc

ro
w
ns
,

fl
ow

er
s

re
m
ov

ed

15
4

19
.6

12
12

30
.7

72
53

23
.6

32
06

3
31

.0
30

39
4

28
.4

14
25

5
26

.3
94

18
27

.4
94

74
8

27
.5

Si
gn

ifi
ca
nc

ei
i

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

N
S

i
1
kg

·h
a�

1
5

0.
89

22
lb
/
ac
re
,
1
g
5

0.
03

53
oz

.
ii
V
al
ue

s
fo
llo

w
ed

by
di
ffe

re
nt

le
tt
er
s
m
ea
n
tr
ea
tm

en
ts

ar
e
si
gn

ifi
ca
nt
ly

di
ffe

re
nt

(P
5

0.
05

)
ac
co
rd
in
g
to

Fi
sh
er
’s
pr
ot
ec
te
d
le
as
t
si
gn

ifi
ca
nt

di
ffe

re
nc
e
te
st

w
ith

in
w
ee
ks

af
te
r
pl
an
tin

g;
N
S
5

no
ns
ig
ni
fi
ca
nt
,
*
5

si
gn

ifi
ca
nt
.

346 � August 2023 33(4)



removed yielded significantly higher than
those in which the flowers were removed
(Tables 3 and 4). In both years in the
months after April, along with season
yield totals and fruit size averages,
no significant differences were found
(Tables 3 and 4).

In 2020, for Cabrillo, no differ-
ences were found between any treat-
ments for fruit yield or size, in any
month, nor were any statistical differ-
ences found in the season totals or fruit
size averages (Table 5). However, in
Mar 2021, in Cabrillo, treatments of
large crowns with no flowers removed
were significantly higher in fruit yield
than all other treatments, with some
continuation of this trend into April,
but with the other two treatments of
no flower removal now statistically
equivalent to it (Table 6). As with the
other tests of this study, there were no
significant differences found between
treatments in the following April, nor
any differences in the season yield to-
tals or average fruit sizes (Table 6).

In summary, although there was
some variation of production of fruit
by crown size and flower removal in
the first and second month of harvest
(Tables 3–6), for both Monterey and
Cabrillo in both years, starting in May,
the amount of fruit produced and fruit
size did not significantly vary in any
month nor did the total amount of fruit
harvested or average fruit size vary at the
end of the fruiting season. The conclu-
sion drawn from this is that initial size of
the crown at transplanting has no bear-
ing on the bulk of strawberry fruit pro-
duction for either Monterey or Cabrillo.

Variations in early yield can be
attributed to larger crowns generally
representing the earlier generations of
daughter plants and therefore have had
more time to initiate flowers than those
smaller and generally of a later genera-
tion (Galletta and Bringhurst 1989).
The lack of variation in total yield of
varying bare-root crown size at trans-
plant finds explanation in that crowns
and roots, while supplying a significant
source of carbohydrates during plant
establishment, do not represent the
highest percentage of biomass during
fruiting (Torres-Quezada et al. 2015),
which in the day-neutral strawberry
culture of the Central Coast of Califor-
nia goes on for 6 months or more
(University of California, 2008), and is
a much longer season than other areas
where the effects of differences inT
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transplant crown size have been studied
(Bartczak et al. 2010; Menzel and Smith
2012; Takeda et al. 2004).

Yields often varied in the initial har-
vest month because of the physical ab-
sence of flowers in treatments where
flower removal was done, but total yields
did not vary in any treatment or any year
in both strawberry varieties, indicating
no shift in flowering or fruiting because
of early flower removal into the later sea-
son. Because there are few to no fruit
ready for picking from where flowers
were removed only a few weeks previ-
ous, winter flower removal should result
in less fruit harvested in those plots in
the first month and sometimes the
second month of harvest, because it
normally takes from 3 to 6 weeks for
a strawberry fruit to mature (Galletta
and Bringhurst 1989). However, the
amount of fruit harvested in May,
June, July, and August is many times
that of what was harvested in earlier
months, subsequently resulting in no
significant differences in fruit totals.

This study shows that over a 2-year
period on the Central Coast in California,
differences in bare-root transplant crown
size or early-season flower removal in the
two day-neutral varieties Monterey and
Cabrillo do not result in significant differ-
ences in yield when measured over the
whole season. Still, variations in yield in
the first 2 months of production stem-
ming from these two factors may be of
use to growers seeking to modify their
production during this window of time.
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