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Abstract

Effects of different radiant energies of the fluorescent light (photosynthetic photon flux densities of 10
10 700 zmol m™?s ™) and plant ages (3 to 8 day-old after planting) on the flowering response of Pharbitis
nil seedlings, strains Violet and Kidachi, have been examined.

Flowering response to an inductive dark period declined remarkably with increasing age at any
irradiances, The flowering response was strong under the irradiance between 70 and 300 zmol m~2s %,
with the maximum response shifting to the higher irradiance with increasing age. High irradiance of 700
smol m™ 2%~ always reduced the flowering response regardless of seedling age.  The daily alternation of
frradiation with sunlight (1000 zmol m~%s~") from 09:00 to 17:00 AST and fluorescent light (200 zamol
m~ %™ resulted in stronger flowering than continuous irradiation of fluorescent light. The decline of
flowering due to the irradiance as low as 30 zmol m~?s~? or to ageing of the plant was dramatically
reversed by benzyladenine (BA) application to the cotyledons, but that due to the high irradiance of 700
pmol m™% ™! was not.

The implications of these findings are discussed in relation to senescence of cotyledons with increasing
in age, photosynthate supply, endogenous rhythm and also action of BA in the light period preceding the

inductive dark period.
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Introduction

There have been many reports concerning the photoperiodic control of flowering of Pharbitis seedlings
using either the tall strain, Violet or the dwarf one, Kidachi. They include the influence of light qualities in
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Violet®?V, the response to exogenous cytokinins in Viole or gibberellins in Kidachi
growing conditions differed in those studies and especially the light condition and the age of plant before dark
induction, both of which influence flowering response.

Pharbitis seedlings raised in darkness may require light period of about 1000 lux for flowering, suggesting
that photosynthesis may be one of the factors affecting the photoperiodic sensitivity”.  However, dark-grown
seedlings became photoperiodically sensitive when exposed only one exposure for a few minutes to red light
followed by benzyladenine (BA) treatment™.  This indicates that the light period process involves more factors
than photosynthesis, suggesting that there exists a role for phytochrome-active light®. Furthermore, the
flowering response of 4 day-old Pharbitis seedlings raised under 200 zamol m~2s~! photosynthetic photon flux

densities can be promoted by the BA applied to the cotyledons'®,
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In the studies presented here Pharbitis seedlings of strains, Violet and Kidachi, have been examined for
their flowering response to different irradiances and ages of the plant before exposing to an inductive dark period.
Effects of BA applied to the cotyledons on the flowering response to different irradiation intensities and plant
ages have also been examined for the strain Violet.

Materials and Methods

Seeds of Pharbitis »il Choisy, strains Violet and Kidachi, were treated with concentrated H,SO, for 45 min
and then washed in running water overnight at 29°C. The seeds were sown in 12 cm diameter pots which
contained a mixture of equal parts of perlite plus vermiculite. In one series of experiments, the seedlings were
raised for 3 to 8 days (4 to 9 days after seed imbibition) under continuous white fluorescent light of different
photosynthetic photon flux densities (10 to 700 gmol m~?s™}, 400 to 700 nm) which were set using a LICOR
quantum sensor (LICOR Instruments, NB). Each group of plants was exposed to a 15 h inducitve dark period
at 27°C from 17:00 AST on various days. In the other series, the seedlings were raised at 29°C under the
sunlight (800 to 1000 zzmol m~*s™ ! at midday) from 09:00 to 17: 00 and then placed under fluorescent light (200
pamol m~%1) until 09: 00 next morning, and designated here as sunlight alternation. Just before the dark
period, the hypocotyl length in cm and the area of cotyledons were measured, the latter being represented in cm?®
by multiplying length and width. For the treatments with BA, aqueous solutions of various concentrations with
0.05% (v/v) Tween-20 was applied to the cotyledons using a paint brush. Control plants were treated with
water containing 0.05% (v/v) Tween-20. After the inductive darkness the seedlings were raised under the
continuous fluorescent light at 25°C until the dissection for measurement of flowering response.  The seedlings
were watered twice a day, once with water and once with the Hoagland nutrient solution. There were two or
three pots with 14 to 21 plants for each treatment. Values given in the figures are means + the standard error
of the mean.

Results

1. Violet

Hypocotyl elongation of Violet is shown in Fig. 1-a. The lower the irradiance, the longer the hypocotyl at

every plant ages. The hypocotyl of plants irradiated at 10 zmol m %! was 1.5 times longer than that at 70

-2g—1

mol m™%s ™}, while irradiation of 700 zzmol m’ reduced hypocoty! to half in length compared with that of 70 A

~1 The hypocotyl length in the other experimental series, the sunlight alternation, was similar to
that irradiated continuously at 300 zmol m~%~!,  As seen in Fig. 1-b, the cotyledon gradually expanded with

higher irradiance up to 70-200 zmol m~%s~1,  Cotyledon expansion levelled off at about this irradiant intensity.

mol m™%s

The flowering response at different irradiances is shown in Fig. 1-c. Three day-old plants flowered strongly

reaching a peak response at an irradiance of 70 zmol m~%s™! and their flowering was decreased with higher

irradiances. The flowering response at 700 gmol m~*s ™! was very weak and almost the same as poor as that

—1 —2e—1

at 10 zzmol m™%s Four day-old plants flowered best at about 200 zmol m™*s With older seedlings the

flowering response decreased and especially remarkable was the decrease at lower irradiances than 200 zmol
m~ %~ Eight day-old plants produced no flower at any irradiances.

Plants raised under the sunlight alternation flowered better than those raised under the continuous
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Fig. 1. Hypocotyl length (1), cotyledon area (b), flowering (c¢) and node bearing first flower
(d) of Pharbitis, Violet, irradiated with fluorescent light of different photosynthetic
photon flux densities (PPFD) and sunlight alternation (S) as function of plant age; 3
(0), 4 (@), 5 (), 6 (@ and 8 (&) day-old.

fluorescent light of any irradiances. Even 8 day-old plants in the sunlight alternation were capable of flowering
(Fig.1-c). As seenin Fig. 1-d, for 3 day-old plants the first flower was formed at the first node of the main axis

at 10 to 70 xmol m~2%s ! and at the second node at 200 zmol m~?%s~* or more. The node number bearing the

first flower increased by about one node per day with the increasing age at 70 to 700 zmol m™%s~* and in the
sunlight alternation.
The flowering response to various durations of an inductive dark period was examined with 5 day-old plants

raised under different irradiances. As seen in Fig. 2, the plants irradiated at 70 to 300 zmol m~%s ™! flowered in

61 Fig. 2. Flowering response of 5 day-old Pharbitis
seedlings, Violet irradiated with fluorescent
light of different photosynthetic photon flux
densities at 10 (&), 30 (&), 70 (0, 200 (@),
2+ 300 (£7) and 700 (@) zemol m ™25~ ! to various
durations of the dark period.
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response to a 11.5 h dark period while those at 30 or
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700 zmol m~ %! flowered only with a longer dark
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period than 13h. Plants irradiated at 10 gmol
m~%~" did not flower with any duration of dark
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2. Kidachi
As shown in Fig. 3, compared with the strain
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Violet, Kidachi was about half in hypocotyl length (a)
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but was similar in cotyledon area (b). At higher
irradiances the hypocotyl became shorter and
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cotyledon expansion was promoted up to 200 zmol

m~ 2%~ The pattern of flowering (c) depended on
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Photon flux density (wmolm™?s™!) Kidachi levelled off at 200 to 700 zmol m~?%s~*! and

the number of flowers at any age was much less. At

low or high irradiances (below 70 zmol m~%s~! or
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¢ above 300 zmol m~2%s~%) Aowering did not occur or
did weakly. On the other hand, in the sunlight
alternation the plants older than 4 days flowered much
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more than those in the continuous fluorescent light.

Fig. 3. Hypocotyl length (a), cotyledon area (b), flower-  alternation was better than that of Violet.
ing (¢) of Pharbitis, Kidachi, irradiated with
fluorescent light of different photosynthetic
photon flux densities and sunlight alternation (5)
as function of plant age; 3 (), 4 (@), 5 (), 6 (&) different irradiances was examined (Fig. 4). Flower-
and 8 (&) day-old. ing of the plants irradiated by 70 to 300 zmol m %5~

occurred at 11.5h dark period and increased with

The flowering response to various durations of
darkness given to 5 day-old plants raised under

increase in dark period length up to 15h. However,

E there was little or no flowering for plants irradiated
§~l" either by 10 and 30 zmol m™2s~! or 700 zmol
£ m_o‘/m o
Z o e . = ; " 3. Benzyladenine treatments
Dark period length, h The effect of applying BA on flowering under
Fig. 4. Flowering response at 5 day-old Pharbitis different irradiances was examined. An aqueous
seedlings, Kidachi irradiated with fluorescent solution of .22 mM BA was applied to the cotyledons

light of different photosynthetic photon flux of 5 day-old Violet irradiated at 30, 200 or 700 zmol
densities at 10 (&), 30 (&), 70 (O}, 200 (@), —y 1 . durati ¢
300 () and 700 (@) zmol m~?s™" to various m~*s™" before exposure to various durations o

durations of the dark period. inductive dark periods of 11.5 to 17h.  The results
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Fig. 5. Flowering response of 5 day-old Pharbitis, Violet Fig. 6. TFlowering response of 3 (), 4 (®), 5 (), 7 (@)
irradiated by 30 (&, 4), 200 (O, @) and 700 (3, and 8 (&) day-old Pharbitis, Violet irradiated by
@) mol m~ %~ ! (PPFD). The cotyledons were 200 gmol m~%~! (PPFD). At 3 day-old the
treated with 220 «M BA (A, ©, B) or water (&, cotyledons were treated with BA at various con-
O, [y prior to various durations of dark period. centrations.

are shown in Fig. 5. The flowering of plants irradiated by 200 zmol m™%s~! was promoted by BA in any
duration of darkness as shown in our previous report’®. However, the promotion by BA was much more
evident in plants irradiated by 30 zzmol m~2s~! but not in plants by 700 zmol m~% ™1,

In order to examine effects of exogenous BA on the decline of flowering response with the ageing of plants,
BA solutions at various concentrations (0 to 1100 M) were applied to the cotyledons of 3 day-old Violet
irradiated by 200 zmol m~?s~%, Thereafter one series of the plants was exposed to a 13 h inductive dark
period at different days. As shown in Fig. 6, BA application prevented the decline of flowering due to plant
ageing even at a low concentration of 4.4 M. The higher BA concentrations, the greater the promotion of
flowering and the blocking of the decrease of flowering with ageing. Thus, even 7 or 8 day-old plants flowered
as strongly as 3 day-old plants when treated with 440 or 1100 ..M BA.

Discussion

1t is clear for both strains, Violet and Kidachi of Pharbitis nil that plant age influences flowering response in a
manner quite distinct from its effect on hypocoty! elongation and cotyledon expansion (Figs. 1-c vs 1-a and b, and
Figs. 3-¢c vs 3-a and b). The change in ability to flower with age also appears to differ from changes seen in
various cellular components in cotyledon. For example, DNA and RNA (Ogawa, unpublished), protein and
endogenous auxin'®, gibberellins'® and cytokinins (Ogawa, unpublished) decrease rapidly or gradually with
cotyledon age. At irradiance below photosynthetic compensation point of 15 zmol m~%s ™! the absence of and/
or weak flowering response probably reflects a photosynthetic limitation although even at the low irradiance
phytochrome-mediated light-energy reactions could be set in. Alternatively, exposure to continuous low
irradiance could cause damping of endogenous rhythms as described by Biinning? especially for older seedlings
(Ogawa in preparation). Such rhythms are known to be important for flowering response of Pharbitis
seedlings'®. A good flowering response under alternating irradiances with sunlight and fluorescent light could

result from daily synchronization of the flowering rhythm to give an inductive phase coinciding with the 17: 00
start of any inductive darkness (Ogawa in preparation).
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Cytokinins such as BA retard leaf senescence of various plant species for intact®™® as well as excised
leaves'. For intact leaves of Phaseolus Naito et al® reported that BA treatment increased DNA, RNA,
protein and chlorophyll content, keeping the leaves young. Perhaps such changes occurred also in Pharbitis
cotyledons after BA treatment and this may explain its ability to retard the age-dependent decline in flowering
(Fig. 6). It is not clear why BA enhancement of flowering was greatest at low irradiance (30 zmol m~%s™) but
it was little at a high irradiance (700 zmol m™%s™ ") (Fig. 5). The role of BA for flowering at the low irradiance

1319 This action

is supposed to enhance assimilate supply to the apex as shown earlier by Ogawa and King
might be great at the low irradiances but could be saturated at high irradiances. It is difficult, nonetheless, to
distinguish the indirect action of BA on cotyledon senescence that may influence flowering from direct actions on
floral processes or on cotyledon photoresponse. However, flowering was depressed by high irradiance even in
very young seedlings with still expanding cotyledons (Figs. 1-a and b vs 1-¢, and Figs. 3-a and b vs 3-¢) and the
seedlings exposed to shorter or longer dark period (Figs. 2 and 4). This suggests a further action of high
irradiance than senescence. A further interaction between irradiance and flowering involves induction of
flowering of Pharbitis irradiated by continuous fluorescent light at high intensity of 16,000 lux'®, probably equal
to about 300 zmol m™32s~1,
Shinozaki'®, but reduction of flowering was resulted here. The discrepancy between these two sets of data

Such high irradiance strongly inhibited shoot elongation as was observed by

may indicate difference in the mechanism of photoperiodically induced flowering as here and continuous

18)

light-induced flowering as studied by Shinozaki The common effect of inhibition of shoot elongation may be

quite unrelated to short day-flowering and/or continuous light-induced flowering. Further studies are required
from the viewpoint of photobiology as well as plant physiology.
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