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Abstract

Flowering response of the buds on the main stem and that of the axillary shoots located below the first
flower bud of the main stem of Pharbiiis seedlings were examined in relation to their development.

The position of the node bearing the first flower buds on the main stem for 5-, 7- and 9-day-old plants
was the second, third and fifth nodes, respectively, and the number of the flower buds decreased with the
increase in plant ages.

A largest number of flower buds was produced on the axillary shoots from the cotyledonary, first and
second nodes for 5-, 7- and 9-day-old plants, respectively. This suggests that the axillary shoots
elongating when they are induced are massive sinks of the floral stimulus.

Gibberellin Az (GAy) and zeatin applied to the plumule before the inductive dark period, and the
exposure to low temperature (20°C) after the dark period, both the treatments resulted in an increase in
the number of flower buds not only on the main stem but also on the axillary shoots, increasing the position
of the nodes of flowering axillary shoots to the upper nodes on the main stem. The sensitivity of the
axillary shoots to the floral stimulus may be stimulated by GAy and zeatin, and the floral-induced state at
their apex may last longer at lower temperature,
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1. Introduction

In many photoperiodically responsive plants, the floral stimulus generated in the induced leaf will bring about
flower initiation at the shoot apex*”. The floral stimulus from the induced cotyledons of Pharbitis seediings
causes flowering in the upper axillary buds on the main stem and finally in the apical bud as a terminal flower.
The number of flower buds formed on the main stem is usually dependent on the flower inducing stimulation
generated in the cotyledons®, which decreases with their increasing age”. In others, flowering response of
cotyledonary buds released from plumular dominance in 6-day-old to 9-day-old seedlings was much greater than
that of the main stem®, suggesting that number of flower buds on the main stem is determined by the sensitivity
of plumular apex which decreases also with the increasing age of plants?.

The position of node bearing the first flower bud on the main stem rises gradually with increasing in plant age
when induced to flower”. The question of whether the axillary buds at the lower nodes than the node of the
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first flower bud on the main stem can respond to the floral stimulus.
Application of gibberellin Az (GA3) to the plumule of Pharbitis seedlings before the inductive dark period

34 The application to the cotyledons with cytokinins such as kinetin and

stimulates the flowering response
benzyladenine (BA) is also effective in stimulation of the flowering, but that to the plumules is not*!®,
Exposure to a low temperature (20°C) after floral induction promotes also flowering®®.

In the present experiments, flowering response of the buds on the main stem and that of the axillary buds or
shoots from the lower nodes than the node of the first flower bud to the floral stimulus from induced cotyledons of
Pharbitis seedlings of different ages was studied. The effects on their flowering response of GAz and zeatin
application to the plumules before the inductive dark period and those of exposure to various temperatures after

the dark period were also examined.

II. Materials and Methods

Seedlings of Pharbitis nil Choisy, cv. Violet were grown under day-light of fluorescent lamps (80 zmol
m~ %) at 28°C for 5, 7 and 9 days after planting the germindting seeds in vermiculite and perlite (1:1 v/v).
The number of leaf primordia of all axillary buds including the cotyledonary one, and the lengths of the axillary
buds and of the foliage leaves on the main stem were measured under a binocular microscope.

The flowering response of axillary shoots of different plant-ages was examined by exposing the plants to a
16-h inductive dark period at 28°C.  An aqueous solution of GA; or zeatin containing 0.01% Tween-20 was
applied twice to the plumule (0.25 pg/plumule per each treatment) with a glasscapillary tube twenty-four hours
and immediately before the dark treatment. For control plants distilled water with 0.01% Tween-20 was
applied.  After the inductive dark treatment, the plants were grown under continuous fluorescent light keeping
at 20°, 24° and 28°C.  The plants were watered daily and supplied with nutrient solution twice a week. About
two weeks later, the main stem was cut off just below the node bearing the first flower bud and the lower axillary
buds were allowed to grow. The number of nodes bearing flower buds on the main stem cut out was recorded.
About one week after cutting, when the axillary shoots developed from the topmost axillary bud had elongated to
an appropriate length, the shoots were cut out just below the node of them and the number of flower buds
detected on thesre axillary shoots was counted. This procedure was repeated, and the number of flower buds
on the axillary shoots one by one downwards to the cotyledonary node was recorded. The first flower bud of
these axillary shoots was always formed on their first node. Control plants of different plant ages were treated
with GA and zeatin without exposure to the inductive dark period, and then grown at various temperatures. In
this instance no flower buds were formed on the main stem as well as on the axillary shoots developed from the
lower nodes. Two or three pots with 14 to 21 seedlings in total were used for each treatment. Flowering is
expressed as the mean number of flower buds & standard error.

II1. Results

Fig. 1-a shows the growth of axillary shoots developed from the cotyledonary node and the first fo fifth
nodes, and the length of the foliage leaves on the main stem (3.0 mm4-0.21 in plumule length);"oﬁf 5-day-old
seedlings. The axillary shoots from the cotyledonary node had three or four leaf primbrdia. n only a few
plants, axillary buds were detected on the second node, but an axillary bud was not on the third and higher nodes.
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flower buds of 5-day-old Pharbitis seedlings
when treated with distilled water (open), GAj
(closed) and zeatin (dotted) before a 16-h induc-
tive dark period, and grown at 20°, 24° and
28°C after the inductive dark period. Vertical
bars on the histograms present standard errors.

from the cotyledonary (Co), first and second
nodes of 5-day-old Pharbitis seedlings when
treated twice with GA; (@), zeatin (&) and
distilled water (O) before a 16-h inductive dark
period, and grown at 20°, 24° and 28°C after the
inductive dark period.

Fig. 1-b shows the range of the nodes bearing flower buds on the main stem of 5-day-old plants when exposed to
the inductive dark period preceded by water, GA; and zeatin treatments and followed by exposure to different
temperatures.. In all treatments flower buds were formed at the third and higher nodes to the terminal on the

main stem. Fig. 1-c shows the number of flower buds on the axillary shoots from the cotyledonary, first and

second nodes.

The control plants without application of GAy and zeatin produced flower buds only on the

cotyledonary shoots. The axillary shoots from the first and second nodes did not producé flower buds at any

temperature examined. However, application of GAj and zeatin stimulated flowering and produced flower buds

even on the axillary shoots from the first and second nodes. GA3 was more effective than zeatin. The lower

the temperature, the greater was the number of flower buds produced.

Fig. 2-a shows the growth of axillary shoots developed from the cotyledonary to sixth nodes and the length
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of the foliage leaves on the main stem (7.7 mm+0.57 in plumule length) of 7-day-old seedlings. The axillary
shoots of the first node were elongating with three or four leaf primordia and the axillary shoots of the third node
had with only one leaf primordium. No axillary buds were detectable on the fourth node and above. Fig. 2-b
shows the range of the nodes bearing flower buds on the main stem of 7-day-old plants exposed to the inductive
dark period. The flower buds were formed at the fourth and higher nodes. The treatment with GAz and
zeatin and that with lowering temperatures increased the number of flower buds.  Fig. 2-c shows the number of
flower buds produced on the axillary shoots from the cotyledonary to third nodes. Control plants grown at 28°C
produced flower buds on only the axillary shoots from the first node. The application of GA; and zeatin
increased the number of flower buds on the axillary shoots and was besides effective in producing flower buds on
the shoots from the second node.

Fig. 3-a shows the growth of axillary shoots from the cotyledonary to sixth nodes and the length of the
foliage leaves on the main stem (12.5 mm 1.5 in plumule length) of 9-day-old plants. The axillary shoots with
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Fig. 2-b. Range of the nodes of the main stem bearing Fig. 2-¢c. Number of flower buds on the axillary shoots

flower buds of 7-day-old Pharbitis seedlings from the cotyledonary (Co), first, second and
when treated with distilled water (open), GAs third nodes of 7-day-old Pharbitis seedlings
(closed) and zeatin (dotted) before a 16-h induc- when treated twice with GA; (@), zeatin (&)
tive dark period, and grown at 20°, 24° and and distilled water (O) before a 16-h inductive
28°C after the inductive dark period. Vertical dark period, and grown at 20°, 24° and 28°C

bars on the histograms present standard errors. after the inductive dark period.
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three or four leaf primordia were elongating on the first and second nodes. In some plants, axillary shoots with
a leaf primordium were on the fifth node. No axillary buds were detectable on the sixth node and above. Fig.
3-b shows the range of the nodes bearing flower buds on the main stem of 9-day-old plants exposed to the
inductive dark period. The flower buds were formed on the sixth node and above. Number of flower buds
formed on the main stem of those plants was less than that of the younger plants.  Fig. 3-c¢ shows the number of
flower buds produced on the axillary shoots from the cotyledonary to fitth nodes. The number of flower buds
was greatest on the axillary shoots from the first and second nodes, especially GAs treatment was remarkably
effective in producing the flower buds on these axillary shoots. The lower the temperature, the greater was the
promotion of flower production by GAj and zeatin,
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flower buds of 9-day-old Pharbitis seedlings from the cotyledonary (Co) to fifth nodes of
when treated with distilled water (open), GA; 9-day-old Pharbitis seedlings when treated
(closed) and zeatin (dotted) before a 16-h induc- twice with GAy (@), zeatin (&) and distilled
tive dark period, and grown at 20°, 24° and water (O) before a 16-h inductive dark period,
28°C after the inductive dark period. Vertical and grown at 20°, 24° and 28°C after the induc-

bars on the histograms present standard errors. tive dark period.
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1V. Discussion

In Pharbitis seedlings exposed to an inductive dark period, the position of the node bearing the first flower
bud on the main stem rose to the higher nodes with increasing the ages of plants when exposed to the inductive
dark period (Figs. 1, 2, 3; b). Whether an axillary bud develops into a flower bud itself or axillaty shoot may
depend on the developmental stage of the axillary bud meristem when it perceives the floral stimulus. Axillary
meristem on the node of foliage leaves smaller than about 1.0 mm long, being not yet visible bud primordium,
may develop into flower buds.  Larger buds with a visible leaf primordium could not develop into flower bud, but
could develop into axillary shoots with or without flower buds (Figs. 1, 2, 3; a vs. b and ¢). The axillary
meristem just below the node of the first flower bud in the control plants without GAz and zeatin treatments did
not produce flower buds even though the lower axillary meristem were able to produce easily the flower buds
(Figs. 1, 2, 3; ¢). This suggests that the axillary meristem at the early stage specified could not respond to the
floral stimulus. Fontaine® has reported on the changes of meristem sensitivity to the floral stimulus in
Anagallis as a function of the plastochrone stage at the apex.

The nodal position of the axillary shoots bearing flower buds was restricted to the cotyledonary node for
5-day-old plants, but it shifted upwards to the first node for 7-day-old plants and the second or third node for
9-day-old plants (Figs. 1, 2, 3; ¢). This suggests that the elongating axillary shoots with a few leaf primordia in
the plumule could be large sinks for the stimulus or very sensitive to the stimulus (Figs. 1 vs. 2 vs. 3; a and ¢).
On the other hand, the increase in number of developing axillary shoots will bring about an increase in the sink
size for the transport of the floral stimulus from the cotyledons, thus may result in a competitive decrease in the
import of the floral stimulus into the main stem, as indicated by the decrease of the number of flower buds on the
main stem with the increase of plant age (Figs. 1, 2, 3; b and Ref. 7).

Administration of GAg and zeatin to the plumule promoted further flowering not only on the main stem (Figs.
2 and 3; b), but also on the axillary shoots (Figs. 1, 2 and 3; ¢). This effect of these growth substances was
intensified when the plants were grown at the lower temperature after the inductive dark period (Figs. 1, 2 and
3; band ¢). The promotive effect of these growth substances was more evident in relatively older plants such
as 7- and 9-day-old plants when they were induced (Figs. 1 vs. 2 vs. 3; b and ¢). In the previous study
cytokinins such as kinetin and BA applied to the cotyledons promoted flowering but those applied to the plumule
did not*1?,  The difference in the flower-promoting effect of zeatin applied to the plumule seems to result from
the difference of the age of the plumule between the previous and present experiments, though further study is
necessary before any conclusion is derived.  GAj is known to stabilize the floral stimulus at the apex®®.  Thus,
GAs and probably zeatin may function to increase the sensitivity of the axillary buds or shoots to the floral
stimulus. As a result, the range of nodes bearing sensitive apices of axillary buds (shoots) in the plumule
treated with GAj or zeatin could be extended to upper nodes. The flower-induced state of the apices may last
longer at lower temperatures and it may be further prolonged if the apices had been treated with GAj5 or zeatin.
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