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Development of Flower Buds in Pharbitis nil Choisy
as Influenced by Various External Conditions
and Growth Substances
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Abstract

The developmental stage of the flower buds of Pharbitis nil, cv, Violet was determined, and the effects
of external conditions and exogenous gibberellin Ay (GA,) or abscisic acid (ABA) following a single
flower-inducing dark period on their development were examined with axillary flower buds formed on the
third node which were referred to as the first flower buds and with the terminal flower buds on the main
stem.

1. The stage of development of the flower buds was represented by floral scores from 0 (vegetative bud)
to 10 (petal unfurling).

2. Under continuous white-light of fluorescent lamps the first and terminal flower buds developed rapidly
to the carpel initiation and carpel development, respectively. Thereafter, these flower buds hardly
developed. The rate and pattern of development of these flower buds were not affected by the different
lengths of the flower-inductive dark periods of 12-, 14~ and 16-h, all of which caused the initiation of flower
buds.

3. Exposure to short days caused both the first and terminal flower buds to develop further, where
development of the formers preceded that of the latters. However, exposure to long days consisting of
either continuous light or interruption of the dark period by light, inhibited or retarded the subsequent
development of both the first and terminal flower buds, where development of the formers was retarded
earlier than that of the latters.

4. The higher the light intensity, the more promoted the early development of both the first and terminal
flower buds,

5. At 30°C the first flower buds ceased their early development. The terminal flower buds reverted
earlier to vegetative buds. At 20°C both the flower buds continued to develop sfowly later on.

6. Exogenous GAy promoted the early development of the terminal flower buds. However, ABA
inhibited the early development of both the first and terminal flower buds.

These findings are discussed in relation to development of the lower axillary and terminal flower buds.
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I. Introduction

Most research on the processes of flowering has been concentrated on floral initiation.  Arrival of the floral
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stimulus at the shoot apical meristem from the leaves starts processes leading to the differentiation of floral
organs including stamens and carpels. These processes of floral differentiation have been studied far less than
the process of floral initiation itself although the formers are of considerable physiological interest and of great
importance in floriculture as well as in the production of fruits and seeds of many plant species'®,

Pharbitis nil Choisy is a short-day plant which is induced to flower by a single long dark period, and it has
been used extensively for studies of the physiology of flowering™. Some detailed anatomical observations have
been reported on the photoperiodically controlled vegetative and reproductive shoot apical meristems of
Pharbitis ¥7%%, The structure and ontogeny of the foliage leaves, bracts, calyx and corolla of this plant have
been investigated also in detail'?.

In the present experiments, the developmental stages of the flower buds of Pharbitis nil plants were
represented by the floral scores from 0 to 10 with the morphological development of various floral organs.
Effects of external conditions and GAy or ABA applied after exposure to an inductive dark period on the
development of flower buds were examined with the lowest axillary and terminal flower buds formed on the main

stem.

II. Materials and Methods

3 Seven seeds of Pharbitis nil Choisy,

The plants were grown under the conditions described previously
cv. Violet, were planted in a pot of 12 cm in diameter, which was filled with a mixture of equal parts of perlite and
vermiculite. The plants were grown in continuous light of white light from fluorescent lamps at 70-80 zamol
m™~%s~1, photosynthetically active radiation (PAR). The seedlings, 4 days after planting, were exposed to an
inductive dark period, 16 h long at 28°C unless stated otherwise. Flower buds were always formed at the axil of
the third leaf which referred to as the first flower bud and at that of the higher leaves to the terminal as the
terminal flower bud. The plants induced to flower were then exposed to the continuous fluorescent light at
28°C unless otherwise stated. In some cases the plants induced to flower were exposed either to short days or
to long days utilizing sunlight or fluorescent light. To obtain long days, the dark period was interrupted by
lighting for 1 h at midnight. These methods are described in more detail in an appropriate section of the results.
In some cases, an aqueous solution of GA3 containing 0.01% Tween-20 (0.05 and 0.5 g GAj per plumule) or
ABA, (+)-2 cis 4-trans ABA, (0.025 and 0.25 ng ABA per plumule) was applied twice with a glasscapillary tube
onto the plumule of the plants just after and 24 h after the inductive dark peﬁod, As a control, distilled water
with Tween-20 was applied. Plants were watered daily and with nutrient solution 3 days a week.

The first flower buds at the third node and the flower buds at the terminal on the main stem were dissected
with a needle under a binocular microscope (2 X 10) on various days from 2 to 20 or 30 days after the flower
induction.  Figure 1 shows the scheme for scoring their developmental stage. Stage 0; vegetative, small bald
apex in the third axillary bud (A), and small apex with leaf primordia in terminal bud (T). Stage 1; relatively flat
apex with equal length of the two bracts in the first axillary flower bud (F), and with unequal length of the two
leafy bracts in the terminal flower bud (T). Stage 2; apex swollen and covered with bracts. Stage 3; five
sepal primordia at the basal margin of the apex.  Stage 4; five stamen primordia as protuberances at the margin
of the apex. Initiation and development of the stamen primordia occurs somewhat earlier than those of the petal
primordia. Stage 5; five petal primordia in position alternating with the sepals between the sepals and the
stamens. Stage 6; carpel primordium at the apex center as a doughnut shaped protuberance consisting of three
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parts. Stage 7; coniform carpel primordium of three parts whose top portions have been fused. Anther
primordia divides into two or four parts. Stage 8; crest- (plume) ke stigma at the top of the carpel. Stage 9;
ball-like stigma at the top of the elongating style. Stage 10; petal unfurling.

Both the first and terminal flower buds of 6 plants were dissected at each time, and one bud with the largest
variation was omitted from the account and developmental scores of 5 buds were averaged. The mean score of
developmental stages = the standard error of the mean is presented in the figures.

Petal unfurting

10

Fig. 1. Ilustration of development of flower buds of Pharbitis nil and the scheme for scoring their developmen-
tal stage. The third axillary bud (A), the first axillary flower bud (F) and the terminal bud (T).

III. Results

1. Exposure to dark period for flower induction

Plants were exposed to a 12-, 14~ or 16-h dark period, then returned to the continuous fluorescent light.
These dark periods resulted in formation of 2.5+0.32, 5.34:0.22 or 6.2+0.25 flower buds per plant. A
terminal flower bud was formed on only several plants exposed to a 14-h dark period and on all of the plants
exposed to a 16-h dark period.  No terminal flower bud was formed on the plants exposed to a 12-h dark period.
The first axillary flower buds (Fig. 2-a) and the terminal flower buds (Fig. 2-b) were dissected on various days
from the end of the inductive dark period. Rapid development of the first flower buds occurred shortly after
flower induction and an initial carpel was detected (floral score; 6) at the 7th day after flower induction regardless
of the length of the inductive dark period. The terminal flower buds in both the plants exposed to a 14- and 16-h
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Fig. 2. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis in continuous light
after a flower-inductive 12-(&), 14-(C1) or 16-h (O) dark period, Fig. 2-b ({7) shows the mean of 2
terminal flower buds dissected each time for plants exposed to a 14-h dark period.

dark periods also developed rapidly shortly after the flower induction to carpel development (score; 7) at the 11th
day. After carpel formation the flower buds developed very slowly, and some flower buds showed premature
senescence and abscised by the 40th day after flower induction, though a few terminal flower buds developed to a
score of 9 or 10.

2. Effect of short days after the inductive dark period

After the plants were exposed to an inductive 16-h dark period, one group of plants was grown in sunlight
during the day (800 to 1,000 xmol m~2s~! PAR, at midday) at temperatures ranging from 23° to 30°C and at 15°
to 25°C at night in September, during which sunrise time was at 5: 30~5:40 JST and sunset was at 18:30-18:40
(referred to as natural short days). The other group of plants was grown in the same sunlight during the day,
but night darkness was interrupted by exposure to fluorescent light of 40 zmol m~%s~! PAR for 1 h at midnight
(referred to as long days). Fig. 3-a shows the development of both the first and terminal flower buds. The
first flower buds began to develop by the 2nd day after floral induction and the terminal flower buds began to
develop after the 4th day regardless of the daylength. In natural short days both the first and terminal flower
buds developed continuously to petal unfurling at the 32th to 36th day as the development of the former buds
preceded that of the latters.

In long days plant height increased much more than that in short days (data not shown). The first flower
buds had developed to the carpel development at the 10th day and thereafter developed very slowly. The
development of terminal flower buds preceded that of the first flower buds after the 22th day, thereafter the
formers slowly devetoped to developed to the stigma development,

In another experiment, one group of plants induced to lower was exposed to a 16-h dark period with an 8-h
light period of fluorescent light at 40 zmol m™%s~* PAR for 6 days (referred to as experimental short days).
The other group of plants was exposed for 6 days to long days consisting of 8-h of 40 zmol m~%s~ ! fluorescent
light and a 16-h dark period interrupted by 1-h of 40 zmol m~2s~* light 8-h after the beginning of the dark period.
Then, both groups of plants were transferred to continuous fluorescent light. As shown in Fig. 3-b, in short
days both the first and terminal flower buds rapidly developed to the carpel development at the 9th day aftter the
first inductive dark period. Then both the flower buds developed very slowly, some of them achieving the petal
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unfurling at the 40th day. In long days both the first and terminal flower buds also developed slowly to the
carpel initiation and the terminal flower buds developed more than the first flower buds after the 12th day.

The plants induced to flower were exposed either to the experimental short days or to long days consisting
of 16-h dark period interrupted with light at midnight (Fig. 3-¢). In short days, the first flower buds reached the
petal unfurling and the terminal flower buds reached the stigma development at the 30th day.
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Fig. 3-a. Development of the first flower bud (CJ, ®) and
the terminal flower bud (O, @) of Pharbitis
under natural short days (@, @) or long days
{00, ©O) after exposure to an inductive 16-h dark
period.
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Fig. 3-c. Development of both the first flower bud (O, B)
and the terminal flower bud (O, @) of flower-
induced plants exposed to a 16-h dark period
with 8-h fluorescent light for 30 days (@, @) or
to long days (I3, O).
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3. Effect of light intensity

Plants induced to flower were grown in continuous fluorescent light of 15, 40 and 80 z#mol m~% ™! PAR.
As shown in Fig. 4-a, on the 9th day the first flower bud in 40 and 80 zmol m~2s~! light developed to the petal
primordium formation and carpel initiation, respectively. Then, these flower buds developed very slowly or not
at all. The first flower buds in 15 zmol m™2%s~! light began to develop latest and developed slowly to the
petal-primordium formation at the 15th day, and then continued to develop, but very slowly. As shown in Fig.
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Fig. 4. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis in continuous light of
15 (&), 40 (0) or 80 zmol m~2s~! (O) after exposure to an inductive 16-h dark period.

4-b, the terminal flower buds in 15, 40 and 80 ﬁmol m~ 2%~ light also developed to the carpel initiation, carpel
development and stigma development at the 18th day, respectively. Then, these flower buds ceased to
develop.

4. Effect of temperature

Plants induced to flower were grown in continuous fluorescent light of 40 xmol m~2s~* PAR kept at 15°,
20°, 25° or 30°C. The higher the temperature, the greater the plant height increase (data not shown). As
shown in Figs. 5-a and b, the optimum temperature for development of both the first and terminal flower buds
was between 20° and 25°C.  The early development of both the flower buds was retarded slightly at 20°C and
severely at 15°C.  However, at 20°C both the flower buds continued to develop to a stage beyond that of the
buds at 25°C after the carpel development. At 30°C early development of the first flower buds was slightly
promoted by the 9th day, but then the flower buds at the carpel initiation ceased to develop further. The high
temperature had a storonger inhibitory effect on the terminal flower bud development so that the flower buds
was reverted to a vegetative bud at the 12th day.
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Fig. 5. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis in continuous light at
15° (&), 20° (), 25° () or 30°C (@) after exposure to an inductive 16-h dark period.
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5. Effects of exogenous GAz and ABA

Figs. 6-a and b show the effect of GAz on the development of both the first and terminal lower buds in
continuous fluorescent light at 28°C. The treatment with GAs had no effect on the development of the first
flower buds, but it significantly promoted the early development of the terminal flower buds. The effects of
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Fig. 6. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis treated twice with
GAy at 0.05 ug/plumule (&), 0.5 pg/plumule (), or distilled water () in continuous light after
exposure to an inductive 16-h dark period.

ABA on both the flower buds in continuous light and those in experimental short days consisting of 16-h darkness
with 9-h light are shown in Figs. 7-a and b, and 8-a and b, respectively. ABA substantially inhibited the early
development of the first and terminal flower buds in the long days as the well as short days. ABA had a marked
inhibitory action on the terminal flower buds in the long days, such that a few of the plants treated with ABA had
no flower bud. However, the promotive effect of GA3 and the inhibitory effect of ABA were evident only for the
early stages and were not for the later stages. These substances would be metabolized gradually to inactive
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Fig. 7. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis treated twice with
ABA at 0.025 pg/plumule (&), 0.25 xg/plumule (), or distilled water (O) in continuous light after
exposure to an inductive 16-h dark period. Fig. 7-b. (&, [3) shows the mean of 3 or 4 terminal fower
buds treated with ABA and dissected on the 9th day and later.
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Fig. 8. Development of the first flower bud (a) and the terminal flower bud (b) of Pharbitis treated twice with
ABA at 0.025 pg/plumule (&), 0.25 ug/plumule (D), or distilled water (O) in continuous short days
consisting of 16-h dark period and 8-h fluorescent light period after exposure to an inductive 16-h dark
period.

substances within the plant tissue, Indoleacetic acid (0.05 or 0.5 ug IAA per plumule) and zeatin (0.05 or 0.5
28 per plumule) had no effects on the development of both the first and terminal flower buds (data not shown).

1V. Discussion

In the short-day plants, Xanthium pennsylvaricum, Chrysanthemum morifolium and Oryza sativa, the main
or terminal shoot apex is induced to from a flower or an inflorescence. Development of these flower buds is a
function of the length of one inductive dark period or the number of cycles of the inductive dark period.
Therefore, in Xanthium'®, Chrysanthemum'® and Oryza®'™ floral developmental stages at an arbitrary time
after the flower induction have been used as a criterion of their floral response to the inductive dark period. On
the other hand, in Pharbitis plants flower buds are formed usually at the axillary bud sites. The terminal flower
buds are formed only in the plants exposed to longer inductive dark period. When the Pharbifis plants are kept
in continuous light after an inductive 12-, 14~ or 16-h dark period, the first or terminal flower buds formed on the
main stem developed rapidly to the carpel stages, and then both the flower buds ceased to develop or developed
very slowly (Figs. 2, 3, 4, 5, 6) so that some flower buds showed gradual senescence and abscission. The rate
and pattern of development of both the flower buds were not dependent on the length of the first floral-inductive
dark period (Figs. 2-a and b). Therefore, the stage of floral development in Pharbitis can not be used as the
criterion of its floral response to the inductive dark period.

Exposure to short days (natural and experimental) after flower induction promoted later development of the
first flower buds as well as the terminal ones (Figs. 2 vs. 3).
with an increase in the number of short-day cycles after flower induction (Figs. 3: b vs. c).
evidence are in accordance with Eguchi’s early report (1937)% that development of flower buds of Pharbitis

plants is promoted by subsequent exposure to short days, hence this plant is referred to as an S-S plant.

The flower bud development was also advanced
These line of

Development of inflorescence of other short-day plants such as soybean?, Xanthium'® Chrysanthemum™® and
Oryza* is also substantially promoted by exposure to short days after flower induction, thus these plants also
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could be referred to as S-S plants.  This evidence suggests that in these plants the floral stimulus generated in
their leaves under short days promotes any developmental processes of the flower buds. In Pharbitis plants
development of the first flower buds always preceded that of the terminal flower buds when the plants were
exposed to continuous short days (Figs. 3-a and ¢). This shows that the axillary flower buds present at lower
nodes on the main stem could develop faster than the flower buds at higher nodes, if supplied continuously with
flotral stimulus from the leaves.

In long days consisting of continuous light or the dark period interrupted by light, both the first and terminal
flower buds developed very slowly after they developed to the carpel stages. Exposure to long days either
after flower induction or during floral development retarded subsequent development of inflorescence of
Xanthium™®, Chrysanthemum™ and Oryze®. Ogawa and King!?
the dark period by short-term red light generate a photoperiodically sensitive inhibitor. In contrast with short

showed that Pharbitis cotyledons interrupted

days, exposure to long days usually stopped earlier the development for the first flower buds than for the
terminal ones (Figs. 2, 3and 4: avs. b). Inlong days development of the axillary flower buds present at lower
nodes might be affected more by a correlative inhibition of the elongating stem. However, the inhibitory effect
of long days at 30°C was much more severe on the terminal flower buds than the axillary buds (Fig. 5: a vs. b).
At 20°C even in long days both the first and terminal flower buds developed continuously and some of the
terminal flower buds reached the petal unfurling stage (Figs. 5-a and b). This evidence indicates that the action
of inhibitor (s) arising from leaves in long days has been depressed at 20°C. This is also in accordance with the
previous reports by King and Evans®, and Ogawa'® that floral evocation occurs optimally at 20°C after the
flower induction, and the higher the temperature, then the less the number of flower buds evoked.

The higher the light intensity, the greater the early floral develpment (Figs. 4-a and b), which means that at
the early stages floral development partially depends on supply of the photosynthates.

Exogenous GAjz had a promotive effect on the early development of the terminal flower buds (Fig. 6-b),
whereas ABA had an inhibitory effect on the development of the first and terminal flower buds (Figs. 7 and 8: a
and b). These lines of evidence may suggest that the promotion of flower bud development by short days is
involved with a role of endogenous gibberellins from the leaves and that the inhibition by the long days or the high
temperatures such as 30°C is done with a role of endogenous ABA. The lack of effect of exogenous IAA and
zeatin on the flower bud development might be an indication that the flower bud once initiated could itself produce
these growth substances, or that it could obtain a sufficient supply of them from elsewhere in the plant. The
physiology of the development of flower buds should be further studied with isolated flower buds and flower parts
grown in vitro,
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