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ABSTRACT

The flowering response of three plant species Fuchsia
hybrida, Pharbitis nil, and Spathiphyllum ‘Petite’ has
been examined after treatment with synthetic and
natural gibberellins (GAs) including GA,, GA;, GAs,
2,2-dimethyl GA,, various of their 3a-hydroxyl
epimers, the methyl ester of GA5, a 15B3-hydroxyl
GA,5, and some 16,17-dihydro derivatives. Of neces-
sity, application techniques differed between species
and dose responses cannot be compared. However,
comparisons across species were possible on the ba-
sis of their differential responses to the various GAs.
Flowering was inhibited and, in an inverse way,
stem elongation promoted when GA; or GA5 was
applied to Fuchsia or, at high doses, to Pharbitis. The
increased stem growth was apparently responsible
for inhibition of flowering because epimerization of
the hydroxyl at C-3 of GA; or modification of GA; to

16,17-dihydro GAs5 created compounds that were
growth inactive and that no longer inhibited flow-
ering. However, the response of Pharbitis was more
complex because both these GAs and their deriva-
tives promoted flowering at doses subthreshold for
growth. For Spathiphyllum, only promotion of flow-
ering was evident with any GA, and the structural
variants were slightly active or inactive. Thus, there
are at least two antagonistic actions of GA on flow-
ering and for Pharbitis either inhibition or promotion
can be shown. The possibility is discussed that the
inhibitory action of GA on flowering involves diver-
sion of assimilate away from the shoot apex and into
the elongating stem.
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INTRODUCTION

Although applied gibberellin (GA) promotes flower-
ing of some plants, including the grass Lolium temu-
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lentum (Evans 1964), for other species it may be in-
hibitory, as for Fuchsia (Sachs and Bretz 1961) and
citrus (see Monselise and Goldschmidt 1982). A
mixed response is found with Pharbitis nil, where GA
promotes flowering when applied before a photoin-
ductive short day, but it inhibits if applied 24 h later
(King and others 1987; Ogawa 1981). Aside from
providing a documentation of species differences,
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such contrasts offer an opportunity to examine a
possible inhibitory effect of GA, whereby enhanced
growth of vegetative tissues would indirectly block
flowering.

The responses of Bougainvillea illustrate how an
indirect action of GA; could lead to inhibition of
flowering. Applied GA inhibits flower development
of intact plants but has no effect on isolated inflo-
rescence meristems lacking a stem (Steffen and oth-
ers 1988). Apparently, GA by promoting stem elon-
gation of intact Bougainvillea plants causes a diver-
sion of essential photosynthetic assimilate away
from the shoot apex, and this leads to inhibition of
flowering.

In this study, natural and synthetic gibberellins
have been used in an examination of the possible
antagonism between flower initiation and stem
elongation. These GAs should provide some distinc-
tion between stem elongation and floral activity, es-
pecially because, with the grass Lolium temulentum,
they variously: (i) stimulate elongation but not flow-
ering; (ii) stimulate flowering but not elongation;
(iii) stimulate both elongation and flowering; or (iv)
inhibit elongation but promote flowering (see Evans
and others 1990; 1994a, b). Three plant species have
been examined: Fuchsia hybrida because gibberellins
inhibit its long day flowering response (Sachs and
Bretz 1961); Pharbitis nil, a short day plant that
shows both inhibition and promotion of flowering
by GAs (King and others 1987; Ogawa 1981) and
Spathiphyllum because it is not daylength responsive,
but GA; induces its flowering (Henny 1981).

MATERIALS AND METHODS
Fuchsia Cultivation and Treatment

Plants of Fuchsia hybrida (cv. Lord Byron), grown
from cuttings, were maintained at a temperature
of 24/19°C day/night in natural daylight of 10 h/d
in shuttered cabinets in the Canberra phytotron
(Morse and Evans 1962). The 8-cm diameter cylin-
drical plastic pots were filled with a 1:1 mixture of
perlite and vermiculite and irrigated twice daily with
a modified Hoagland’s nutrient solution in the
morning and water in the afternoon. At 3—-4 weeks
the growing point was pinched to induce branching,
and when 10-12 cm in height the 3-4 branched
plants were moved to an artificially illuminated
cabinet at 24/19°C and a 10-h photoperiod (PFD of
200 pmol m=2 s~!) from a combination of metal ha-
lide and quartz halide lamps. After a further 3
weeks, when the plants were about 25 cm high,
floral induction and GA treatments began. A total of

four florally inductive, continuous-light long days
were given, each involving the 10-h short day ex-
tended with a 14-h exposure to a low irradiance
from incandescent lamps (15 pmol m=2 s7!). Stem
length, recorded daily, was measured from a
marked, partially expanded leaf. Sometimes there
were chance differences in the starting stem lengths,
and these could be removed by presenting stem
elongation as an increment. Flowering was recorded
after 21 d. Gibberellins were applied to the shoot tip
in a 10-pL drop of 10% (v/v) ethanol in water. Con-
trol plants were treated with 10% ethanol alone.
There were 10 to 16 plants per treatment, and val-
ues are presented as averages + SEM.

Spathiphyllum Cultivation and Treatment

Plants of Spathiphyllum cv. ‘Petite’ were supplied as
plug stock by Newports Nursery (Winmallee, NSW).
After 6 leaves had formed, they were transplanted
into 12-cm diameter pots filled with perlite vermicu-
lite (50:50) and fertilized daily with a modified
Hoagland’s nutrient solution followed by watering
each evening. The plants were grown in a glass-
house of the Canberra phytotron at a temperature of
24/19 (avg, 20.7°C) in a 16-h photoperiod. Natural
sunlight intensities were reduced by 60% using a
layer of shade cloth. Humidity was maintained un-
der these enclosures using a misting period of 30 s
every 10 min during the day. At the time of chemi-
cal treatment, the plants were 6—8 weeks from trans-
plantation and had formed an average of 11.0 + 1.4
leaves on the main shoot. Lateral shoots appeared
later. Gibberellins were applied in 95% ethanol as a
single spray of about 5 mL per plant. Control plants
were treated with 95% ethanol alone. Flower open-
ing was recorded at weekly intervals. There were
6-8 plants per treatment, and values are presented
as averages + SEM.

Pharbitis Cultivation and Treatment

Experiments were conducted with Pharbitis nil,
Choisy, strain Violet, a normal height line, and Ki-
dachi, a gibberellin-responsive dwarf line. Germina-
tion and growing conditions were as described be-
fore (King and others 1987). The seedlings were
grown in continuous light, and when 5 d old were
exposed to a single florally inductive short-day dark
period of 13 h. Hypocotyl and petiole lengths were
recorded daily after the short day, and stem elonga-
tion and flowering response were recorded after 10
d. Gibberellins were applied once to the cotyledon-
ary petioles in 5 pL of 95% (v/v) ethanol in water
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(that is, a total of 10 uL/plant). Control plants were
treated with 95% ethanol alone. There were up to
14 and sometimes more plants per treatment. Values
are presented as averages = SEM or the value of the
least significant difference is shown.

CHEMICALS

Most of the gibberellins were provided by L.N.
Mander (RSC, ANU) and included GA,, GA;, GAs,
2,2-dimethyl GA,, exo 16,17-dihydro GA;, exo
16,17-dihydro GA5, and exo 13-0-acetyl-16,17-
dihydro GAs. Synthesis of the C-16,17 modified gib-
berellins is described in Evans and others (1994a).
The 3a-OH epimer of active gibberellins can be syn-
thesized simply but may be contaminated with up to
1% of the 3B3-OH epimer. Therefore, some treat-
ments involved pure 3a-epimer synthesized directly
by the procedures described in Seto and others
(1998). Synthesis of C-3 methoxy GAs was by Seto.

RESULTS

Gibberellins, Flowering and Stem Elongation
of Fuchsia

Our preliminary studies of flowering of Fuchsia, cv.
Lord Byron, confirmed earlier findings of Sachs and
Bretz (1961). All plants flowered after exposure to a
minimum of 2 long day (LD) photoperiods. Four LD
of 24 h light each day consistently led to the forma-
tion of 4 to 5 flowers per plant. For flowering the
photoperiod had to exceed 14 h, and plants in short
days remained vegetative for many months.
Gibberellin (GA5) applied at the time of LD expo-
sure inhibited flowering of Fuchsia (Figure 1; as also
reported by Sachs and Bretz 1961; Sachs and others
1967). A GA; dose of 30-100 ng/plant approached
saturation for inhibition of flowering (Figures 1, 2).
These findings with GA; were confirmed in six fur-
ther experiments. In one data set shown in Figure 2
the response to a 1-ng dose has been disregarded
because it did not fit with the other data in that
experiment nor with the trends found in the other
six experiments. The higher GA; doses increased
stem elongation by up to 25 to 30% (Figures 1, 2).
The synthetic gibberellin, 2,2-dimethyl GA, in-
hibited flowering better than GA; (Table 1, Exp. II).
Of the three GAs used in Table 1, 2,2-dimethyl GA,
gave the greatest stimulation of stem elongation
(data not shown), and it was the most effective for
inhibition of flowering. However, epimerization of
the C-3 hydroxyl group led to inactivity of this GA.
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Figure 1. Stimulation of stem elongation and inhibition
of flowering of Fuchsia after a single application of differ-
ent doses of GA; to the shoot tip on the day of commenc-
ing exposure to 4 long days. Twenty-one days after treat-
ment, the number of flowers per plant and stem length
were measured. Over this period stem length of the un-
treated control plants increased from [25 to 170. The GA
treatment only enhancing this by about 30%. There were
12-14 replicates. Bars show least significant differences
(LSD p = 0.05). Lines fitted by eye or to the data points.

Stem elongation was weaker with GA;, and it was
also marginally less active as an inhibitor of flower-
ing than 2,2-dimethyl GA,. GA, showed no inhibi-
tion of flowering at 30 ng/plant (Table 1), and this
dose did not lead to significant promotion of stem
elongation (data not shown). In another experi-
ment, GA, was slightly inhibitory to flowering at
100 ng/plant (2.4 + 0.4 vs. 4.3 = 0.4 flowers per
plant).

The inhibitory etffect of GA; on flowering was lost
with methylation of the carboxyl group (Table 1) or
with epimerization of the 3-hydroxy from the f to
the a configuration, both for GA; (Figure 2) as also
for 2,2-dimethyl GA, (Table 1). When analyzed by
GC-MS the sample of 3-epi GA; contained about 1%
of GA5. Such contamination would account for the
onset of inhibition by 3-epi GA; applied at a dose
100- to 1000-fold greater than the threshold value
for GA5 of about 1-5 ng per plant. Experiments re-
ported later used high-purity samples of 3-epi GA;.

Over a wide dose range, 16,17-dihydro GA5 did
not inhibit flowering, although GA5 was inhibitory
(Figure 2), nor did it affect stem elongation (data not
shown). These findings contrast dramatically with
those for the long-day grass Lolium (Evans and oth-
ers 1994b), where the 16,17-dihydro form of GA4
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Figure 2. Gibberellin dose response for inhibition of
flowering and promotion of stem elongation of Fuchsia: (a,
¢) effects of GA; or 3-epi-GA; on stem elongation and
flowering; (b, d) inhibition of flowering by GA; and GA4
compared with 16,17-dihydro GA5. Values are means =+
SEM. Where no SE bars are evident, they were smaller
than the symbol (7 = 10-14).

Table 1. Inhibition of long day-induced
flowering of Fuchsia cv. Lord Byron by natural and
synthetic gibberellins in three experiments.

Flowers per plant

Treatment Dose Exp. I Exp. II
Control (4 LD) 43+04 3.6+0.2
GA, 30 ng/plant 0.7+04 2.0+0.8
2,2-dimethyl GA, 30 ng/plant 0 0.3+0.3
2,2-dimethyl-3-

epi GA, 30 ng/plant 3.5+£0.5 3.0+0.3
16,17-dihydro-2,

2-dimethyl-3-

epi GA, 30 ng/plant — 3.0+ 04
GA, 30 ng/plant 5207 —

Exp. III

Control (4 LD) 49 +0.4
GA, 100 ng/plant 0.8 £ 0.4
GA; methyl ester 100 ng/plant 4.5 +0.5

All plants were exposed to 4 LD beginning at the time of a single application of 10
uL of various gibberellins to the shoot tip. The control was treated with the same
aqueous:ethanol (90:10, v/v) solution. Values are means + SEM (n = 10-14)

both promotes flowering and inhibits growth. With
Fuchsia, this same GA5 derivative was apparently in-
active (Figure 2).

Table 2. Effect of GAs on flowering of
Spathiphyllum “Petite.”

Flowers/  Weeks to
Treatment plant flowering
a
Control (ethanol) 0 >18 (0/8)
GA, (400 mg L) 6.8+1.1 11 (8/8)
GAs (400 mg L") 44+09 14 (8/8)
exo 16,17-dihydro GA,
(400 mg L™Y) 0402 >18(3/8)
b
Control (ethanol) 0.3+0.3 >18 (1/6)
GA, (500 mg L") 93x0.6 12 (6/6)
exo 16,17—dihydro GA4
(500 mg L) 0303 >18(1/6)
158—0OH GA, (500 mgL™")  55%0.9 11 (6/6)
exo 13—-0-acetyl-16,17—
dihydro GAS (500 mg L™') 0 >18 (0/6)
c
Control (ethanol) 0 >18 (0/5)
GA, (500 mg L") 10.5+04 11 (5/5)
GA, (500 mg L™ 0.8+0.3 18 (3/5)
GA, (1000 mg L") 82+1.0 13 (5/5)

GA was applied once to leaves in ethanol (95%) using an atomizer. Three experi-
ments (a, b, ¢) are shown. Final assessment of flowering was made after 18 weeks.
Values are means + SEM and the number of plants flowering is shown in paren-
theses.

Gibberellins and Flowering
of Spathiphyllum

After a single spray ([6 mL/plant) of GA5 at 400 mg
L~ in 95% ethanol, the first flowers appeared at 11
weeks (Table 2). Plants aged anywhere from 4 to 16
weeks old at the time of GA; treatment always flow-
ered 11 to 12 weeks after treatment, despite large
differences in their size (data not shown). Control
plants sprayed with 95% ethanol alone had not
flowered by 18 weeks; first flowers were evident at
26 weeks (Table 2). Flower induction must have
been rapid (within 3-5 weeks) because we found
only a small further production of leaves (up to 3) by
the time of conversion of the apex to flower forma-
tion. Ogawa (1993) reported a similar timing of flo-
ral initiation after GA; treatment.

Both GA; and GA; were effective for flowering of
Spathiphyllum (Table 2), and GA5 was at least twice
as active as GA,. Of the various derivatives tested,
addition of a hydroxyl group to C-15 had little effect
despite the enhanced floral activity of this com-
pound relative to GA; when it was applied to the
grass Lolium temulentum (Evans and others 1990).
The 16,17-dihydro derivative of GA5 was essentially
inactive, and its 13-0-acetyl derivative had no effect.
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Figure 3. Effect on stem length and flowering of Pharbitis
nil of various doses of GA5 or 16,17-dihydro GA, applied
once to the cotyledonary petioles 14 h before a 13-h short
day. Two strains were examined, the dwarf, Kidachi, and
the tall, Violet. Values of the least significant ditference
(LSD) shown at p = 0.05. Where no SE bars are evident,
they were smaller than the symbol (z = 10-14).

Although GA; was active at 150 mg L™}, in the same
experiment the pure 3a-epimer of GA; was inactive
at a 2000 mg L~! dose (data not shown).

Gibberellins, Flowering and Stem Elongation
of Pharbitis nil

Flowering of Pharbitis nil, strain Kidachi, is promoted
by low doses of GA; and GA5 but inhibited at high
doses (Figures 3, 4) as we have reported previously
(King and others 1987). Relative to the response to
GA,, a higher dose was required for promotion of
flowering by GAs, a less growth-active GA (Figure 3
compare Figure 4). Furthermore, for promotion of
flowering there was increased tolerance to high GA4
doses before it became inhibitory.

The later the time of GA application relative to
the time of exposure to a single inductive short day,
the greater the inhibition (for example, 14 h before
vs. 2 h after the short day, Figure 4). Thus, a gibber-
ellin could show considerable promotion of flower-
ing over a wide dose range with an early application
(Figures 3, 4) but a much-restricted promotion at
the later application time. Likewise, at either time,
the more growth active a gibberellin (for instance,
GA; vs. GAs) the narrower its dose tolerance (Fig-
ures 3, 4).

The threshold GA dose was similar for onset of
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Figure 4. Effect on flowering and stem elongation of
Pharbitis nil, strain Kidachi, of various doses of GA; or
3-epi GA;. Application was (a,c) 14 h before or (b, d) 2 h
after exposure to a 13-h inductive short day. Values are
means + SEM for at least 14 replicate seedlings. Where no
SE bars are evident, they were smaller than the symbol.

inhibition of flowering of Pharbitis and for stimula-
tion of stem elongation. Compelling evidence of this
relationship is seen for both GA; (Figure 4) and GA4
(Figure 3). The findings with 3-epi GA; point in the
same direction, but this derivative was so weakly
active on growth that when applied before the pho-
toinductive treatment a sufficient dose for inhibition
was not reached even at the highest dose used (Fig-
ure 4). The epimer therefore promoted flowering at
substantially higher doses than were tolerated for
GA5. Overall, with the onset of elongation, there
was a clear switch from promotion to inhibition of
flowering.

Both the 16,17-dihydro GA5 derivatives tested
here promoted flowering of the dwarf strain Kidachi
(Figure 2, Table 3) but, at the doses used, there was
little or no effect on stem elongation and we could
not establish whether there was an inverse relation-
ship between flowering and enhanced stem elonga-
tion. However, the tall strain, Violet, is more sensi-
tive to gibberellin (King and others 1987; Ogawa
1981), and it did show stimulation of stem elonga-
tion by high doses of 16,17-dihydro GA5 (Figure 3).
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Table 3. Effect of the 16,17-dihydro functional
group on the action of various gibberellins on stem
elongation and flowering of Pharbitis nil cv.
Kidachi.

Stem length Flowers/

Treatment (mm) plant

Control 10+ 3 5.1 £0.2
GA, 231 +35 4.0+0.3
GA, 128 + 34 4.6 +0.3
16,17-dihydro GA, 27 %2 6.2+0.2
15B3-OH GA, 521 + 22 3.6 £0.2

exo 15B-OH-16,17-dihydro GA; 13 +1 6.6 0.2

GA treatments were given 12 h before a 13-h inductive dark period interrupting
continuous light. GA dose was 5 ug/plant to the cotyledonary petioles. Values are
means + SEM (n = 15).

Thus, we imagine that in Kidachi it would be pos-
sible to inhibit flowering and promote stem elonga-
tion at very high doses of 16,17-dihydro GAs. The
100-fold difference between the dwarf and tall
strain, Kidachi and Violet in their threshold GA;
dose for elongation (Figure 3) may be due to
changes in either or both GA sensitivity and biosyn-
thesis. However, not all of this difference is specific
to the dwarf phenotype. Dwarf/tall near-isogenic
lines showed a less than fivefold difference in the
threshold for GA; promotion of elongation (King
and others 1987). Also, here, with application of
GA; rather than GAs there was little evidence of a
differential response between dwarf and tall lines
(Figure 4 compare Figure 3).

That 16,17-dihydro GA5 promoted stem growth
of Pharbitis was unexpected as in our earlier studies
with the grass Lolium, it inhibited stem elongation
(Evans and others 1994b). No impurities caused by
either GA5 or GA,;, the logical contaminants, could
be detected by GC-MS at a limit 1000-fold greater
than that for detecting 16,17-dihydro GA5. Thus,
this sample of 16,17-dihydro GA5 was pure, and it is
clearly active for growth but at a 50- to 100-fold
higher dose than for GA5 (Figure 3).

As for the studies with Fuchsia, the 3-epi GA; con-
tained a low level of GA; as a contaminant. How-
ever, by using an alternative synthetic approach
(Seto and others 1998), pure 3-epi GA; was pro-
duced and differential flowering and stem growth
responses were confirmed (Figure 5). Additional
variants of the functional group at C-3 were also
synthesized (Seto unpublished), and, as shown in
Figure 5, these compounds were often more growth
promoting than GA; and, conversely, did not pro-
mote flowering but were more inhibitory. At the

dose used (2 pg/plant), GA; gave a flowering re-
sponse no different from control when applied 14 h
before darkness, but this dose was probably on the
threshold of being inhibitory given the tradeoffs be-
tween dose and timing of application (Figure 4).

DiscussioN

In general, gibberellins promote flowering of long
day plants (see Pharis and King 1985), but for the
long day plant Fuchsia they are very potent inhibi-
tors (Sachs and Bretz 1961) as we have confirmed
here (Figures 1, 2 and Table 1). This inhibition of
flowering by GA is apparently linked to promotion
of stem elongation (Figures 1, 2). Most cogent is the
comparison between growth-inactive GAs and their
growth-active counterparts. For example, over a
wide range of doses, the 3a-hydroxy epimers of gib-
berellins do not inhibit flowering (Figure 2, Table 1),
and they are essentially growth inactive (Figure 2,
compare to Evans and others 1994a and ref.
therein). Likewise, 16,17-dihydro GAs;, a potential
growth retardant, had no effect on stem elongation
of Fuchsia (data not shown) and showed none of the
floral inhibition observed for its natural counterpart,
GA; (Figure 2).

The use of a set of GAs, which, for growth, are
variously active (for instance, GA,;, GA;, GA,, 2,2-
dimethyl GA,), inactive (e.g., GA epimers) or
growth retardants on grasses (for example, 16,17-
dihydro GA5; Evans and others 1994b), has pro-
vided a focus for comparing the different species
used in this study. Such a comparison of growth and
flowering responses across GAs but within a species
provides a valid way to analyze species distinctions
despite the very much greater (1000-fold) threshold
dose required for response of Spathiphyllum com-
pared with the other two species. As an aside, we
have no explanation for the dose differences be-
tween species but consider it likely that for Spath-
iphyllum in particular there are limitations on GA
uptake and delivery to the shoot apex.

With Pharbitis, inhibition of flowering at high GA
doses was associated with enhanced stem elonga-
tion, as with Fuchsia, but, with either species, inhi-
bition was lost (Figures 2-5 and Table 3) on treat-
ment with GA derivatives that we had found previ-
ously to be growth inactive or growth retardive for a
monocotyledonous species (for example, see Evans
and others 1994a, b). In fact, our evidence that
16,17-dihydro GA5 can promote growth of Pharbitis
(Figure 3) but inhibit that of Lolium indicates that
this GA derivative may act not only to block GA
biosynthesis (Junttila and others 1997) but may also



Gibberellin, Flowering and Elongation 443

3-O-methy GA3 —

[ 2h post SD

3, 13-di-O-methyl GA3

GA3

3-epi GA3

iso GA3

3-O-methyl 3-epi GA3

Control m

1 1 L 1 ] L Il 1

14h pre SD

1
0 5 10 15 20 25 30 35 40 45 50 55 60 0.0 1.0 2.0 3.0 4.0 5.0

Stem length (mm)

Flowers/plant

Figure 5. Effect on flowering and stem elongation of Pharbitis nil, strain Kidachi, of a single application of 2-pg per plant
of various structural variants of GA;. Values are means = SE for at least 14 replicate seedlings.

act directly on growth, albiet in an attenuated fash-
ion relative to GA5. Overall these findings with Phar-
bitis and Fuchsia indicate that GA-enhanced growth
is involved in the GA-induced inhibition of flower-
ing.

The contrary observation, that flowering of Phar-
bitis was promoted at a low dose of a growth active
GA or with a high dose of a less active GA, agrees
with our previous findings (King and others 1987
and see Ogawa 1981). However, such promotion oc-
curred at GA doses that did not stimulate stem elon-
gation (Figures 3-5). Hence we suggest this argues
for a second and positive or florigenic role for GA in
regulating flowering of Pharbitis, a florigenic role
also seen with Spathiphyllum, where GAs promoted
flowering (Table 2). A florigenic action was also evi-
dent in our previous studies with the long-day plant,
Lolium temulentum, where these various GAs showed
only promotion of flowering, and, moreover, stem
growth was not part of this flowering response
(Evans and others 1994a, b).

How gibberellins could inhibit flowering of one
plant species (for instance, Fuchsia), be promotory
for others (for example, Lolium and Spathiphyllum),
and show both promotion and inhibition (for in-
stance, Pharbitis) highlights a complex control of flo-
ral initiation and development. Promotory re-
sponses to GAs, at least for Lolium, could indicate a

distinctive response perhaps involving increased ac-
tivity at the shoot apex of transcriptional regulators
including the GAMYB gene (Gocal and others 1999).
On the other hand, for inhibition of flowering, our
evidence of an inverse relationship with stem
growth indicates a mechanism related to competi-
tion in the allocation of photosynthetic assimilate.
Certainly with Fuchsia, there is a parallel between
inhibition of its flowering by GA and reduction in
apex sucrose content after GA treatment (King and
Ben-Tal, in press). This same response would ex-
plain why GA inhibits flowering of the long-day
plant Pisum (Barber and others 1958) and particu-
larly because assimilate is considered important in
its flowering responses (Weller and others 1997).
Even promotion of flowering of Pharbitis by low GA
doses could be explained in terms of apex sucrose
levels were GA able to enhance import in the ab-
sence of potential competition by stem growth.

As an aside, it is interesting that the 16,17-
dihydro GAs inhibits stem elongation of Lolium
(Evans and others 1994b) but is inactive with Fuch-
sia or promotory at high doses with Pharbitis. We
have shown that in Lolium, 16,17-dihydro GA5 acts
as a growth retardant by blocking at least one enzy-
matic step in the biosynthesis of native growth-
active GA (Junttila and others 1997). However, it is
also clear that 16,17-dihydro GA5 does retain some
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ability to stimulate elongation (Figure 3), so that its
action on both GA perception and on GA biosynthe-
sis needs to be examined in the future if we are to
provide a complete understanding of the growth-
retardant action of this novel GA derivative. The
consequences for flowering and growth caused by
changes at C-3 of GA; (Figure 5) are also interesting
and require further analysis.

Overall, when a gibberellin treatment promoted
stem growth or was at a threshold dose for this re-
sponse, flowering of Fuchsia and Pharbitis was inhib-
ited. No such inverse relationship was found in our
earlier studies with Lolium where use of these same
gibberellins showed that flowering could be un-
coupled from stem elongation. Possibly in Lolium
GAs have a direct effect on flowering, as is evident
also for Spathiphyllum. By contrast, with Fuchsia and
Pharbitis, at high GA doses stem growth may com-
pete for photosynthetic assimilates to the detriment
of flower development at the shoot apex. The cor-
ollary for Lolium and, perhaps Spathiphyllum, is that
they are less dependent on assimilate during flow-
ering, and/or that any stem growth associated with
early events of flowering is not sufficient to compete
with the apex for available photosynthetic assimi-
lates.
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