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STRAWBERRY PLUG TRANSPLANTS: REGULATION OF GROWTH AND PRODUCTION

Eric B. Bish and Daniel J. Cantliffe

runners utilize assimilate from the mother plant thereby po
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tentially decreasing early fruit production and contributing
to flowering irregularity. The challenge for transplant pro
ducers is to develop a strawberry transplant that has the prop
er balance of vegetative and reproductive growth for high
quality early fruit production that can be sustained through
out the season. Plug transplants have several distinct advan
tages over bare-root strawberry transplants (Poling and
Parker, 1990). These advantages include the ability to be me
chanically transplanted, the use of less water for establish
ment, minimal root damage during transplanting which
provides rapid root establishment, and plant survival that is
greater thus giving a more uniform stand and potentially
greater yields.
Many growth retardants have been evaluated on strawber
ry plants including chlormequat (Thakur et al., 1991), daminozide (Eftimov, 1988), paclobutrazol (Tonutti et al., 1986)
flurprimidol (Archbold, 1986), and maleic hydrazide (Denisen, 1956). Chlormequat applied to 'Tioga' strawberry at 1000
mg/liter increased flower number and fruit weight whereas
crown height, leaf number and leaf area were reduced
(Thakur et al., 1991). Flurprimidol applied to containerized
strawberry plants of 'Allstar', 'Guardian' and 'Cardinal' at 0,
50,100, 250, 500 or 1000 mg/liter significantly reduced mean
petiole length, runner number per plant and runner length
with increasing concentration (Archbold, 1986). Flower
number, however, was reduced in 'Allstar' by increasing
flurprimidol concentration. Flurprimidol applied to fieldgrown ribbon row plants was not as effective as paclobutrazol
at 250 mg/liter in suppressing runner production.

University of Florida, IFAS
Gainesville, Florida 32611-0690
Craig K. Chandler
Gulf Coast Research and Education Center
University of Florida, IFAS
13138 Lewis Gallagher Rd.

Dover, Florida 33527
Additional index words. Fragaria x ananassa, containerized

transplants, tray plants, propagation, stand establishment,
transplant conditioning, paclobutrazol.
Abstract. A gibberillic acid (GA) biosynthesis inhibitor, pa
clobutrazol, was used to determine if reduction of early vege
tative growth would increase early fruit production and
flowering regularity of 'Sweet Charlie' plug transplants. Pa
clobutrazol was applied to shoots of six-week-old transplants,
two weeks before transplanting at 0, 50,100, 200, and 400 mg/
liter. Increasing paclobutrazol concentration decreased petiole
length and reduced runner growth. Paclobutrazol application
increased early and total season fruit production. Therefore,
decreasing endogenous GA levels in plants may lead to de
creased vegetative growth resulting in greater early fruit pro
duction. Although paclobutrazol is not labeled for strawberry
production in the United States, selection of strawberry variet
ies that have reduced early vegetative growth and examination
of environmental influences on vegetative growth may help de
velop increased early season fruit production in Florida's win
ter production system.

Florida produced greater than 13.8 million flats1 of straw
berries on 2430 hectares (6,000 acres) in the 1994-95 season,

an average yield of over 5700 flats per hectare (Freie and
Pugh, 1996). The majority of Florida's production is harvest
ed between December and April with peak production occur
ring in March and April. The average value of fruit ranges
from more than $15 per flat in November and December to
less than $6 per flat in March and April. However, only 10%
of Florida's strawberry production occurs in November and
December when the crop value is highest. More than 70% of
Florida's production occurred in March and April when fruit
value was at or below the production cost of $7 per flat (Smith

Paclobutrazol is a gibberellin biosynthesis inhibitor that
can be soil or foliar applied. Paclobutrazol was applied as a
soil treatment to 'Nyoho' strawberry at 0, 0.01, 0.04, 0.09, 0.15
or 0.25 mg a.i./pot, plants were then transferred to a growth
chamber for 21 days in order to induce flower buds, then
plants were transferred to a greenhouse (Nishizawa, 1993). As
paclobutrazol concentration increased, the length and num
ber of runners decreased; however, the numbers of lateral
crowns and flower clusters increased. Experiments have been
conducted with annual field strawberry plantings in Tennes-

and Taylor, 1993).

The Florida strawberry industry currently uses bare-root
transplants for stand establishment. Bare-root transplants are
non-uniform in size and flowering, are often infected with
pathogens, and require extensive overhead sprinkler irriga
tion for optimum establishment in the field. In Florida, straw
berry plug transplants have been reported to be an alternative
to problematic bare-root transplants (Bish, 1996a). However,
excessive runner growth has occurred with plug transplants
that are planted for Florida's early winter production. These
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Figure 1. Strawberry ('Sweet Charlie') plug leaf petiole length as influ
enced by paclobutrazol. ***SignifIcant at P<0.001.
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see. Foliar sprays of paclobutrazol (0, 75, 150, 300, 600 or
1200 mg/liter) to 'Cardinal' 35 days after planting reduced

the number of runners, decreased runner length and the
amount of biomass partitioned into daughter plants was re
stricted with increasing concentration (Deyton et al., 1991).

Paclobutrazol (mg/liter)

Figure 2. Strawberry ('Sweet Charlie') runner growth as influenced by pa

The annual production system used consisted of planting in
August but fruit production in this system does not occur un
til the following May. In the annual strawberry production sys
tem in Florida, plants are transplanted in October and fruit
production begins in November. Therefore, application of
paclobutrazol may differentially affect plants in the Florida
system. The objective of this study was to determine if pa
clobutrazol applied to strawberry plug transplants could de
crease vegetative growth and thus increase early fruit yields in
the Florida winter production system.

clobutrazol. '^'Significant at P<0.05.

Materials and Methods

Strawberry, Fragaria x ananassa Duch., plug transplants
were propagated from second generation ramets of micro-
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Figure 3. Average strawberry ('Sweet Charlie') early season fruit production as influenced by paclobutrazol. Treatment means with the same letters, within
the same month, are not significantly different at the 5% level according to Duncan's Multiple Range Test.
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propagated plantlets of the cultivar 'Sweet Charlie' (Nourse
Farms, Inc.; South Deerfield, Massachusetts). Micropropagat-

ed plantlets were planted on 3 March, 1995 in a horizontal
trough system which was developed at the University of Flori
da for runner plant propagation (Bish et al., 1996b). The
photoperiod was extended to 16 hours with low pressure so
dium halide lamps. Propagation consisted of selecting daugh
ter plant 'tips' that were grown in a glass greenhouse (35/25
C day/night, 30% shade cloth) at the University of Florida,
Gainesville FL. Tips were rooted in trays (Speedling Todd 100
Styrofoam trays 18.8 cm3 cell volume) starting 1 August, 1995
under mist irrigation (12 seconds of mist every 6 min.) for 1
week. This small volume tray was used to decrease variability
associated with differences in tip size. The rooting medium
consisted of a 1:1 vermiculite:perlite mix (Airlite Processing
Corporation; Vero Beach, Florida). Tips were grown for two
weeks in the flats, resulting in rooted tips that were of uniform
size (Bishetal., 1996c).
Daughter plant rooted tips were transplanted on the 15

August 1995 into polyvinyl chloride pipe, 5.4 cm inside diam

eter and 13 cm depth which corresponded to a 300 cm3 cell
volume. The cell bottoms were sealed with nylon screen and
filled with a 1:1 vermiculite:perlite medium. Twenty-eight
cells were grouped together (4 cells by 7 cells) to form an ex
perimental unit (tray). Trays were then arranged in a ran
domized complete-block experimental design with one tray
of each treatment per block for each of three replications.
Plants were subirrigated with a nutrient solution on a capil
lary mat in order to maintain uniform soil moisture levels.
Two weeks prior to transplanting, 19 September 1995, con
tainerized plants received a foliar application of paclobutra
zol (Uniroyal Chemical Company, Inc. Middlebury, CT) at 0,
50, 100, 200, and 400 mg/liter to run off. The surfactant
Tween®20 (Fisher Scientific, Pittsburgh, PA) was added to
the solution. Leaf petiole length of fully expanded leaves was
measured prior to transplanting.

The plugs were planted at the University of Florida's Gulf
Coast Research and Education Center in Dover, FL. The soil
type was a well drained Seffner fine sand. Pre-plant fertiliza
tion consisted of N, P, and K (88, 47, and 72 kg/ha, respec-
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Figure 4. Average strawberry ('Sweet Charlie') February and total season fruit production (November through February) as influenced by paclobutrazol.
Treatment means with the same letters, within the same month, are not significantly different at the 5% level according to Duncan's Multiple Range Test.
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tively). Additional N and K (132 and 108 kg/ha, respectively)

were applied during the season via drip irrigation. Planting
beds (.9 m in width) were formed on 1.2 m centers, fumigated
with methyl bromide-chloropicrin (90:10), and covered with
black polyethylene mulch. A randomized complete-block ex
perimental design was used with each treatment replicated
three times. Field plots of containerized transplants (20
plants/plot) were planted in double rows with a 30 cm plant
spacing (within and between rows) on 3 October, 1995. Fruit
were harvested weekly beginning 15 November 1995 and
graded into marketable, diseased, small (<10 g/fruit), and
malformed. Average petiole length at planting and runner
development after planting were recorded and subjected to
regression analysis (Littell et al., 1991). Harvest data were
grouped by month and subjected to analyses of variance
(General Linear Models: Littell et al., 1991). Treatment
means were separated by Duncan's Multiple Range Test, 95%
confidence level.
Results and Discussion

Application of paclobutrazol significantly reduced leaf
petiole length (Fig. 1). Reduction of leaf petiole length has
been suggested to increase insect pollination of strawberry

flowers because flowers are more visible (Tonutti et al., 1986).
Additionally, reduction of leaf petiole length may allow easier
harvesting of fruit and quicker drying thereby reducing

pathogen infection of fruit. However, the reduced leaf petiole
length may decrease the protective nature of the leaves to the
fruit during irrigation for freeze protection.
Runner development in the field was reduced with in
creasing concentration of paclobutrazol (Fig. 2). The 200 and
400 mg/liter rates almost stopped runner production. Ramina et al. (1985), reported a reduction of runner growth with
paclobutrazol treatment but no difference between treat
ments (0.10, 0.21, 0.42, 0.84, 1.68, 3.37, or 6.75 kg/ha). The
runners that develop in an annual production system such as
in Florida, must be removed thereby increasing production
costs. Additionally, the development of runners utilizes valu
able energy from the mother plant that could potentially be
used for flower and fruit production.

Early fruit production (December) was highest with 100
mg/liter paclobutrazol (Fig. 3). Paclobutrazol at 200 and 400
mg/liter delayed flowering and subsequent fruit develop
ment thereby resulting in the highest January fruit yields. The
majority of the fruit production in the control treatment (0
mg/liter) occurred in February (Fig. 4). Fruit value in Febru

ary ($11.00/flat) is consistently lower than values in Novem-
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Figure 5. Average strawberry ('Sweet Charlie') fruit production value as influenced by paclobutrazol. Treatment means with the same letters are not sig
nificantly different at the 5% level according to Duncan's Multiple Range Test.
'Gross income based on Orlando, FL F.O.B. shipping point prices (Fruit and Vegetable Market News, Federal-State Market News Service, USDA).
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ber and December ($15.50/flat) (Freie and Pugh, 1996).
Early fruit production therefore resulted in greater potential
gross income from paclobutrazol treatments as compared to
untreated transplants (Fig. 5).

All paclobutrazol treatments resulted in higher total
yields than the control. Ramina et al.(1985), found no straw
berry fruit production differences with application of pa
clobutrazol, perhaps attributed to a small sample size (8
plants/plot) used in that study. Our data suggested that re
duced vegetative growth of 'Sweet Charlie' plug transplants
may increase early season and total season production. Be
cause paclobutrizol is not labeled for strawberry plants and
application of sufficient paclobutrazol to stop runner produc
tion delayed fruit development, other methods of eliminating
runner growth should be studied. By altering environmental
conditions during transplant development vegetative growth
of the strawberry plant might be reduced via alteration of en
dogenous growth hormones. Additionally, breeding pro
grams can attempt to select for phenotypes with reduced
runner growth.
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Abstract. A replicated trial of eight asparagus varieties was es
tablished in winter 1991 to determine the feasibility of commer
cial production from 1-year-old crowns produced by northern
or western nurseries. Planting procedure, production practic-

es, and pest management approximated those used in estab
lished production areas. Harvest was preceded each year by
mowing and removal of fern and bed renovation in late Decem
ber. Harvest was initiated in 1992 for a 2-week period in late
January. In subsequent years harvest continued for 6 to 8
weeks beginning in mid-January to late February, depending
on the weather. Yields were generally lower than in other pro
duction areas, and there were very few of the favored large and
very large size spears. It is unlikely that asparagus production
in Florida can compete with imported product from Peru, Ecua
dor, Guatemala, and Mexico which is available during the same
time period.

Asparagus {Asparagus officinalis L.) is native to the Medi

terranean area, and has been used as an herb and vegetable
for at least 2000 years. The plant is a dioecious, herbaceous
perennial widely grown in temperate areas of the world where
distinct growing and dormant seasons occur. The dormant
season may be related to low temperature or low moisture
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availability. More recently, production schemes for tropical
climates have been developed.
Asparagus plantings are established directly from seed,
from

containerized transplants, or from

1-year-old field-

grown crowns. After a 1-to 2-year establishment period, aspar-
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