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Abstract. In greenhouse and field studies, benzyladenine (BA) and gibberellic acid (GA3)
applied together as a foliar spray increased runner production in dayneutral strawberries
(Fragaria ×ananassa Duch.) but not when applied separately. Runner production in-
creased linearly with increased BA concentration to 1800 mg•L –1. At high dosages, GA3-
treated plants produced elongated internodes that, in the field, led to fewer daughte
plants. In Florida, daughter plants derived from plants sprayed with the growth regulators
increased yield by up to 10% in fruiting experiments. To induce runnering in the field and
greenhouse, a treatment with BA at 1200 mg•L –1 and GA3 at 300 mg•L –1 is recommended.
Chemical names used: N-(phenylmethyl)-1H-purine-6-amine (benzyladenine); gibberel-
lic acid A3; gibberellic acids A4 and A7.
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Dayneutral strawberries produce flowe
and fruit continually during the growing sea
son and, therefore, produce stolons (runne
sparsely (Pritts and Dale, 1989). In propag
tion fields, this behavior results in fewer daug
ter plants than in June-bearing strawberri
More daughter plants can be obtained if co
stored, tissue-cultured plants are us
(Cameron et al., 1985; Scott et al., 198
However, this enhanced effect of tissue c
ture declines after about 2 years.

Growth regulators (PGR) can induce ru
ners to form either by stimulating dorma
buds to grow or by preventing flower bu
initiation (Pritts et al., 1986; Reid, 1983
Gibberellic acid (GA3) has increased runne
production inconsistently (Reid, 1983). Cyt
kinins, such as benzyladenine (BA) an
tetrahydropyranyl-benzyladenine (PBA) als
have shown inconsistent results when appl
alone (Kender et al., 1971; Pritts et al., 198
Waithaka and Dana, 1978). When used
combination, cytokinins and GA3 markedly
enhanced stolon formation on the everbear
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‘Geneva’ and ‘Ozark Beauty’ (Kender et a
1971; Waithaka and Dana, 1978) and on 
June-bearing ‘Nyoho’, ‘Morika-16’, and
‘Hokowase’ (Kahangi et al., 1992). We are n
aware of any such studies on dayneutral cu
vars.

This study was done to test the individu
and possibly synergistic effects o
benzyladenine and gibberellic acid on runn
production in dayneutral strawberries, to pr
duce a practical application for use comm
cially, and to test for any residual effect of t
growth regulators on runner plant performan

Materials and Methods

Preliminary experiments were done in
heated greenhouse at the Horticultural Exp
ment Station, Simcoe, Ont., to assess the
fects of various concentrations of growth reg
lators on runner production. Commercial-sc
trials were carried out in the strawberry prop
gation fields of Strawberry Tyme Farm
Simcoe, Ont. Daughter plants from the co
mercial trials were fruited at the Univ. o
Florida, Agricultural Research and Extensi
Center, Dover. The growth regulators us
were proprietary formulations (Abbott Labo
ratories, North Chicago, Ill.) of BA (ABG
3062), GA3 (ProGibb), equimolar GA4 and
GA7 (GA4+7, ABG-3035), and equimolar GA4+7

and BA (Promalin). Single plants were spray
to runoff with 25 mL of the treatment solutio

Type of PGR, greenhouse (Expt. 1). This
initial study was to test effect of several grow
regulators on runner production in the gree

rs
-
rs)
a-
h-
s.

d-
ed
).
l-

-
t

d
.
r
-
d
o
ed
6;
in

ng

d
-
tra.
in
tal
by

l-
,

3Y

, 1100

138

r

house. The concentrations used were base
those used in previous strawberry growth re
lator studies (Kender et al., 1971; Pritts et 
1986).

Field-grown ‘Tribute’ plants were potte
into 1.9-L pots in a 1 peat : 1 sand : 1 soil m
(by volume) in Sept. 1989. The plants were
least four generations away from tissue c
ture. On 1 Mar. 1990, the plants were spra
with various growth regulators. Five plan
were sprayed for each treatment and t
placed in a heated greenhouse in 16-h day
a completely randomized design. The last fu
expanded leaf was tagged on one crown
each pot before being sprayed so that 
origin of new runners could be determined

The growth regulator treatments (a.i. mg•L–1)
were 1) none (control); 2 and 3) BA alone
300 or 600; 4 through 7) GA3 or GA4+7 each, at
100 or 200; and the combinations, 8 and
GA3 at 100 with BA at 300 or 600; and 10 a
11) GA4+7 at 100 with BA at 300 or 600.

The number of runners per plant was 
corded weekly. At the end of the experime
16 May 1990, the tagged crowns were exa
ined to see whether the buds at the nodes
runnered, flowered, or remained dormant.

PGR concentrations, greenhouse (Ex
2). Since the first experiment showed th
‘Tribute’ would produce runners when grow
regulators were applied to plants, this expe
ment was designed to find out whether 
single growth regulators worked at high
concentrations or whether a combination w
needed, and whether repeat applications
creased the effect.

For one growth regulator treatment w
wanted to use a GA/BA formulation [Promal
(GA4+7) + BA] that was already registered o
some crops for ease of future registration 
strawberries. According to Expt. 1 and t
literature (Kender et al., 1971), GA3 appeared
more effective than GA4+7, so we used GA3 +
BA as a parallel series to Promalin. The tre
ments (a.i. mg•L–1) used were none (control
BA alone at 600, 1200, or 1800; BA and GA4+7

combined, i.e., Promalin at 600, 1200, or 18
of each constituent; and BA and GA3 com-
bined, each at 600, 1200, or 1800. The gro
regulators were applied once or twice w
separate controls for each.

The same ‘Tribute’ plants used in the fir
experiment were split, repotted, allowed 
resume their normal floriferous growth hab
and then used for this experiment. On 12 F
1991, 10 plants were treated, five of these w
sprayed again with the same treatment on
Feb. 1991. All plants were then placed in
heated greenhouse with 16-h days in a co
pletely randomized design.

The last fully expanded leaf was tagged
one crown in each pot before being spray
The number of runner plants per crown w
counted on 15 Apr. 1991 and the tagged cro
examined.

PGR concentration on ‘Selva’, greenhou
(Expt. 3). As the most commonly propagate
dayneutral strawberry cultivar was ‘Selva
we tested the effect of the growth regulators
this cultivar before initiating field tests. Be
cause the internodes elongated at high con
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Fig. 1. Runner plant production in ‘Tribute’ dayneutral strawberry on 15 Apr. 1991 after treatment with BA
and GA3 in various combinations once (12 Feb. 1991) or twice (12 and 26 Feb. 1991) (Expt. 2). The BA
alone and BA and GA4+7 treatments did not differ from the control and are not presented. The regression
lines given differ significantly from each other.
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trations, slightly lower concentrations we
used to find suitable ones for the field. Al
GA3 alone was used to check that the respo
is not just a response to GA3.

Cold-stored ‘Selva’ plants were planted
pots on 12 Mar. 1991 in the greenhouse 
treated on 9 Apr. 1991. Five pots were used
treatment and completely randomized with
the greenhouse. The number of runner pla
per crown were counted on 30 May 1991.

The treatments (a.i. mg•L–1) used were none
(control); GA3 at 600, 900, or 1200; BA at 60
900, or 1200; and GA3 and BA combined, eac
at 600, 900, or 1200.

PGR combinations and concentration
field (Expt. 4). This experiment was to dete
mine runnering using growth regulators und
field conditions and to check carry-over e
fects on yield. The concentrations of grow
regulators used were those that gave optim
runnering in Expt. 3.

Runner plants of ‘Selva’ were grown fro
freshly dug, overwintered plants and plante
May 1991. They were grown in a commerc
propagation field according to the guidelin
of the Ontario Strawberry Plant Propagati
Program (Dale and Vandenberg, 1989).

The PGR treatments (a.i. mg•L–1) were
none (control); GA3 at 600 or 900; BA at 600
or 900; and GA3 + BA each at 600 or 900
Applications were made once (7 June 1991
twice (on 7 June and 5 July 1991). There w
five replications of each treatment laid out
a randomized complete-block design. Pl
consisted of 10 plants covering 3 m of row a
1 m between plots. All plots were in a sing
row.

Plants were dug on 2 Oct. 1991, cold sto
overnight, and cleaned and sorted the follo
ing day. The number of saleable runner pla
per plot was counted and the crown diame
of 10 runner plants per plot measured.
saleable plant was one that had a minim
crown diameter of 8 mm and at least 10 ro
≥75 mm long.

Twenty-five saleable plants per plot we
then shipped to Florida, where the plots w
replanted in a randomized complete-blo
design and grown according to the Flori
cultural system. Yield and fruit weight we
recorded throughout the harvest season.

Combination of GA3 and BA, field (Expt.
5). Evidence from the greenhouse indica
that the combination of GA3 and BA stimu-
lated runnering, but in the field in 1991, few
saleable plants were produced on mother pl
treated with the combination than on the co
trols. However, we believed that the interno
elongation shown by plants treated with hi
concentrations of GA3 was masking the stimu
latory effects in the field. The low concentr
tions of GA3 used in Expt. 1 indicated that th
stimulatory effect could be achieved, and elo
gated internodes avoided, with lower G3
concentrations. Also, the previous experime
indicated that runner production could be 
creased with higher BA concentrations. Th
experiment was designed to find out wh
would be an acceptable combination of lo
GA3 dose with higher BA concentrations th
in Expt. 4.
HORTSCIENCE, VOL. 31(7), DECEMBER 1996
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The design was a similar randomized co
plete-block design as in Expt. 4 with ‘Selv
plants sprayed once or twice, except that
PGRs (a.i. mg•L–1) used were none (control
BA at 900 or 1200, alone or in combinati
with either 100 or 300 GA3. Plants were set 1
May 1992 and sprayed either once (22 J
1992) or twice (22 June and 20 July 199
Plants were dug on 23 Sept. l992, stored at °C
overnight, and cleaned the following da
Plants produced from the single-applicati
plots were shipped to Florida for yield trials
in Expt. 4.

Experiment 5a. This experiment  was don
to confirm the findings of Expt. 5 on th
concentrations of BA and GA3. Since the sec
ond spray of PGRs reduced saleable run
plant production, it was omitted from th
experiment.

The experiment was a randomized co
plete-block design similar to that of Expt. 
also with ‘Selva’ plants, except that there we
eight replications of 10 plants each. Pla
were sprayed only once, as follows (a.i. mg•L–1):
none (control), BA alone at 900 or l200, G3
alone at 100 or 300, and all four combinatio
of BA with GA3.

Plants were set 17 May 1993, sprayed
17 June 1993, dug on 20 Sept. 1993, c
stored at 2 °C overnight, and cleaned th
following day.

Statistical analyses. Plot values or mean
were used for analysis of greenhouse exp
ments. In the field experiments, the data w
-
’
he
,
n

ne
).
 
.
n
s

er

-
,
re
ts

s

on
ld

ri-
re

reduced to plot means, which were used fo
subsequent analyses.

Data were tested, as appropriate, by an
sis of variance (ANOVA) with mean separ
tion by Duncan’s multiple range test or b
regression analysis. The regression model u
was similar to that described by Elfving a
Allen (1987), where the response (Yijk) to the
ith timing at the jth concentration and the k
block was

Yijk= a + tk + b1iXj + b2iX2
j + eijk,

where Xj is the jth growth regulator concentr
tion; tk is the effect of block k; a represents t
mean response without growth regulator 
plications; b1i and b2i are the linear and qua
dratic polynomial regression coefficients, r
spectively; and eijk is the random error term
Graphically, the model represents a serie
curves, one for each timing, radiating from
common intercept, a.

When the quadratic coefficients (b2i) were
not significantly different from zero, the mod
was refitted with these terms set to zero. Wh
two or more curves were not significant
different from one another, a common cur
was fitted. For the final curves fitted, th
standard errors of the linear (SEb1) and qua-
dratic (SEb2) polynomial regression coeffi
cients were calculated. All analyses were c
ried out using either the ANOVA or Gener
Linear Models (GLM) procedures of the SA
program package, version 6.03 (SAS In
Cary, N.C.) .
1191
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Fig. 2. Runner plant production in ‘Selva’ dayneutral strawberry on 30 May 1991 after treatment with BA
and GA3 in various combinations on 9 Apr. 1991 (Expt. 3). The regression line for GA3 and BA differs
significantly from that for the other treatments (not shown).

Fig. 3. Saleable plant production of ‘Selva’ strawberry on 2 Oct. 1991 after treatment once or twice with BA
and GA3 in various combinations (Expt. 4). Circles are means for BA, diamonds for GA3 and squares
for GA3 + BA. Open symbols are means for sprayed once, closed symbols twice. The regression lines
given are for BA alone sprayed once and twice and for GA3 alone or with BA, sprayed twice. They are
differ significantly from each other.
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Results

Experiment 1. Only GA3 at 100 mg•L–1 +
BA at 600 mg•L–1 induced significant runner
formation (1.4 per crown) in almost all plants
Among the other treatments, there were fro
0 to 0.4 runners per crown. The tagged crow
showed that the treated plants reverted to flo
ering after the initial stimulus of the GA3 and
BA.

Experiment 2. Only the GA3 + BA combi-
nations promoted runner production (data n
shown). Plants treated with GA3 + BA in-
creased their runner production as the PG
concentration used increased (Fig. 1). A sim
lar effect was found when GA3 + BA were
sprayed twice, but the effect decreased at hig
concentrations.

Runners induced by GA3 + BA originated
from above and below the tagged node. Abo
the tagged node, the internodes of the cro
itself elongated and the terminal node of th
crown often became a runner.

Plants treated with GA4+7 did not produce
more runners than the nontreated controls.

Experiment 3. Although plants sprayed with
any of the PGRs produced more runner pla
than the nontreated controls, only those trea
with GA3 plus BA gave a significant linea
response to increased dosage (Fig. 2). Aga
the GA3 treated plants produced marked
elongated internodes.

Experiment 4. Regression analysis for num
ber of saleable plants showed significant li
ear interactions between PGR concentrati
and combination and number of sprays (F
3). Plants treated with BA alone produce
more runner plants than the controls, where
those treated with GA3 either alone or with BA
had similar runner plant counts as the contro
when sprayed once and significantly few
when sprayed twice. All plants that wer
sprayed twice had runner plants that we
smaller than the controls (Fig. 4).

All plants treated with GA3 produced elon-
gated internodes. Runner plants on such int
nodes were frequently unable to root and gro
since the erect, elongated main stem held 
runner plants above the soil.

All runner plants derived from plants treate
with the PGRs applied either once or twice h
significantly improved marketable yield an
berry weight than the controls. Marketab
yield was 7.7, 8.3, 8.3 kg/plot, (P ≤ 0.05), and
mean berry weight 14.4, 14.9, 15.0 g (P ≤
0.001) for 0, 600, 900 mg•L–1 of growth regu-
lators, respectively. The marketable yield an
mean berry weight of runner plants spray
with the three growth regulator combination
at the two timings, and their interactions d
not differ significantly.

Experiment 5. All PGR-treated plants had
more runner plants and smaller crown diam
eters than the control (Table 1). Plants trea
with BA produced significantly more runne
plants when also treated with GA3. There also
were significant effects of the number of spra
on the number of saleable plants, total numb
of plants, crown diameter, and percent sa
able plants (Table 2). There were no signi
cant interactions between number of spra
HORTSCIENCE, VOL. 31(7), DECEMBER 19961192
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Fig. 4. Diameter of saleable plants of ‘Selva’ strawberry in field plots on 2 Oct. 1991 after treatment
with BA and GA3 in various combinations (Expt. 4). The means for only GA3 twice or in combination
with BA (common regression line) differ significantly from the other means. The diameters of p
treated with only BA did not differ from the nontreated controls.
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Table 2. Various characteristics of ‘Selva’ runner plants after being sprayed once or twice with dz

combinations of BA and GA3 in 1992 (Expt. 5).

Plant characteristics
Saleable/ Runner plants/ Crown

mother plant mother plant diam Saleabl
Sprays (no.) (total no.) (mm) (%)
Once 14.7 30.5 10.9 48
Twice 12.2 32.7 10.4 38
Probability 0.0029 0.069 0.034 0.0001
zThe combinations of PGR’s (a.i. mg•L–1) used were: none, BA at 900 or 1200, alone or in combination w
either 100 or 300 GA3.

Table 1. Means for two characteristics of ‘Selva’ strawberry plants following application of BA and3

in various combinations, once or twice, in 1992 (Expt. 5).

Growth regulator Runner plants/ Crown
BA GA3 mother plant diam

(a.i., mg•L–1) (total no.) (mm)
0 0 24.9 11.6
900 31.3 11.0
1200 30.8 10.4
900 100 32.1 10.6
1200 32.3 10.3
900 300 35.0 10.0
1200 34.7 10.5
Significance levels (P values)

None vs. other treatments 0.0001 0.000
BA 0.8800 0.6100
GA linear 0.0140 0.1700
GA residual 0.9200 0.7800
BA × GA linear 0.9600 0.0690
BA × GA residual 0.8200 0.9800
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 twice

lants

and growth regulator treatments. When th
plants were sprayed with growth regulato
twice more plants were formed, but a small
percentage was saleable because they 
smaller diameters than when sprayed onc
This result is consistent with increased pla
density giving smaller diameter plants.

All plants treated once with PGRs wer
similar in their total marketable yield, tota
yield, and mean berry weight to the nontreat
control (data not shown).

Experiment 5a. Plants sprayed with BA
and GA3 combined had more saleable runn
plants and more of them in total than th
controls, as did plants treated only with GA3 at
300 mg•L–1 (Tables 3 and 4).

The diameter of the runner plants wa
significantly affected by the BA treatment
only. Diameters decreased with increased B
dosage, 11.5, 10.4, and 10.6 mm for 0, 90
and 1200 mg•L–1, respectively.

Discussion

The synergistic combination of GA3 and
BA consistently enhanced runner productio
in dayneutral strawberries. This result agre
with those of Kender et al. (1971) and Waitlak
and Dana (1978), who had similar results wi
the everbearing strawberries ‘Geneva’ an
‘Ozark Beauty’.

Plants treated with GA3 and higher BA
concentrations produced more runners th
plants receiving other treatments. Our resu
suggest that doses of BA at 1800 mg•L–1 might
further increase runner formation. Braun an
Kender (1985) did not observe improved runn
production when they used BA at 50 mg•L–1

applied five times at weekly intervals. Thi
result agrees with those of Pritts et al. (198
that one high dose of BA is more effective tha
a low dose applied repeatedly.

There is an optimum dosage for GA3 when
used in combination with BA. Higher GA3

doses increased runner production but caus
significant internode elongation, which wa
detrimental to the development of runner plan
as they often did not root in the field. Previou
research showed that repeated doses of GA3 50
mg•L–1 stimulated runners to be produced 
everbearing cultivars (Braun and Kender 198
Kender et al., 1971; Waitlaka and Dana 1978
We found that GA3 between 100 to 300 mg•L–1

produce acceptable results in dayneutral cu
vars.

Repeated applications of PGRs appear
to be of little or no value under the environ
mental conditions of these trials because
second application either had no effect 
reduced the yield of runner plants. Howeve
in Expt. 5, the second dose produced mo
smaller runners that were not saleable. With
longer growing season, these could becom
larger and eventually reach acceptable sta
dards. Other researchers have used repea
applications of GA3 and BA, but did not com-
pare them with single applications (Braun an
Kender 1985; Kahangi et al., 1992; Kender 
al., 1971; Waitlaka and Dana, 1978).

Carry-over effects of the treatment appe
to be limited and may be beneficial. Flowe
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e

ith
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5
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Table 3. Significance levels for two characteristic
for BA and GA3 applied in various combinations
once to ‘Selva’ strawberry plants (Expt. 5a).

Runner plants/
mother plant

No. Total
Effect saleable no.
BA – linear (lin) 0.0003 0.7500
BA – quadratic (quad) 0.4900 0.8000
GA3 – lin 0.0001 0.0001
GA3 – quad 0.0001 0.0006
BA – lin × GA3 – lin 0.0470 0.6800
BA – quad × GA3 – lin 0.6800 0.4400
BA – lin × GA3 – quad 0.0280 0.0150
BA – quad × GA3 – quad 0.0008 0.0077

Table 4. Means for two characteristics for BA an
GA3 applied in various combinations once t
‘Selva’ strawberry plants (Expt. 5a).

Growth regulator Runner plants/mother plan
BA GA3 No. Total

(a.i. mg•L–1) of saleable no.
0 0 12.8 19.8

100 13.9 31.5
300 16.1 37.7

900 0 10.4 12.2
100 19.4 38.7
300 18.1 36.8

1200 0 13.5 26.7
100 17.6 34.2
300 20.2 36.9

0 Mean 14.3 33.0
900 15.9 32.9
1200 17.1 32.4
Mean 0 12.2 26.6

100 17.0 34.8
300 18.1 36.9
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bud initiation begins again shortly after th
application of the PGRs. In Expt. 4, there a
was a slight increase in fruit yield and ber
size from the runner plants when grown 
production fields in Florida. This response h
not been documented previously.

The combination of GA3 and BA reliably
induced runner formation in dayneutral stra
berries. We suggest that GA3 at 300 and BA at
1200 mg•L–1 is a suitable compromise. Th
treatment will be useful for plant propagato
and plant breeders who wish to increase 
runner production of dayneutral strawberrie
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