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1. Seed germination of Begonia Fvansiana ANDR. was investi-
gated at 29°C.

2. The germination was induced under long-day conditions,
the critical daylength being about 8 hours. Exposure to at least
2 or 3 cycles of long days was necessary for germination. The
seeds could germinate under otherwise non-inductive photoperiods,
when the dark period was interrupted with a short period of illu-
mination. Thus the photoperiodic behaviour of Begonia seeds in
germination is similar to that of typical long-day plants in flowering.

3. The application of gibberellin brought about no germination
in complete darkness, but markedly reduced the critical daylength
for germination, even 1-minute photoperiods being inductive. The
germination under continuous light was also favoured by gibberellin
application. The action of gibberellin in germination of Begonia
seeds may be to intensify the light action or to substitute for a
part of it

While studying on the photoperiodism in the formation and sprouting
of aerial tubers and in the. flowering with Begonia Evansiana ANDR,, it
was found that the germination of the seeds of this species is also
controlled by photoperiods. The photoperiodic control of seed germina-
tion has been demonstrated in a number of light-responsive seeds since
it was reported by Isikawa (I) and Brack and WAREING (2). Although
it seems of interest to compare the photoperiodic phenomenon in germi-
nation with that in flowering, there have been few detailed works on
the former as yet. In the present paper, the photoperiodic behaviour
in the germination of seeds of B. Evansiana was studied minutely.

On the other hand, it has been reported that the light requirement
for germination of certain light-sensitive seeds is eliminated by the

1 Present address: Dept. of Botany, Hokkaido University, Sapporo.
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action of gibberellin! (3), and that the photoperiodic response in flower-
ing is also affected by GA treatment (4). It appears therefore interest-
ing to investigate the effect of GA on the photoperiodically-controlled
germination of Begonia seeds.

MATERIAL AND METHODS

Seeds of Begonia Evansiana ANDR. collected in 1956 and 1957 were
used for the experiments in 1957 and 1958, respectively.

About 100-250 seeds, which were very small and light, were floated
on about 10 ml of distilled water or test solution in glass tubes, ca. 2cm
in diameter and ca. 4cm in height. Three to four tubes were usually
employed for each treatment. The tubes were placed in black boxes
made of paper board to keep them dark, the lid of the boxes being taken
off for the illumination of seeds. Fluorescent tubes (Mazda ‘‘ natural
daylight ”’) were used as light source, seeds being illuminated at the
intensity of about 750 lux. The experiments were carried out at 29°C.

Germination was counted under a dissecting microscope 9 days or
more after the start of the experiments, when the germination had
practically or completely terminated.

RESULTS

Light Requirement for Germination

Seeds were illuminated for various periods immediately after sowing
and then kept in darkness for the remainder of the experimental period.
The results of three experiments carried out on separate days are shown
in Fig. 1.

Similar effects of illumination were observed in these experiments,
although the maximum germination percentages were different among
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Fig. 1. Germination percentages of seeds exposed to various lengths
of illumination. A and C, resuits after 9 days; B, after 12 days.

1 The abbreviation GA will be used in this paper.
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them. No seeds germinated unless they were exposed to light at least
for 2 days, and illumination of 3 to 4 days’ duration was sufficient to
give the maximum germination percentage.

Effect of Daily Photoperiod on Germination

As shown in the above experiments, light is required for the germi-
nation of Begonia seeds. It was found in the following experiments that
the germination is photoperiodically controlled. In one experiment, the
seeds were exposed to various lengths of daily photoperiod for 10 days
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Fig. 2. Germination percentages of seeds exposed to various
lengths of photoperiod for 10 days.
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Fig. 3. Germination percentages of

lengths of photoperiods. Photoperiods
of 12 hours or more gave nearly

constant germination percentages. seeds exposed to various lengths
Thus the results suggest that the pho- of photoperiod for 6 days and then
toperiodic response in germination of kept in darkness for 7 days.

Begonia seeds corresponds to that in
flowering of long-day plants.

Effect of Light-Interruption of Dark Periods

Flowering of long-day plants can be induced under usually non-induc-
tive photoperiods, if the long dark period is interrupted with light.
Begonia seeds were also induced to germinate even under 4-hour photo-
periods when a light-break of one hour was applied in the middle of the
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dark period, 6.2 and 15.0 per cent germination being obtained after 10
and 12 days, respectively. In the next experiment, the seeds were exposed
to 6 cycles of 7-hour photoperiod and subsequent 17-hour dark period
which was interrupted in the middle with various lengths of illumination.
The seeds were then kept in the dark for 7 days. The results are shown
in Fig. 4. A light-break of only 5 minutes was effective.
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Fig. 4. Effect on germination of various lengths of light-

interruptions given in the middle of 17-hour dark period.

(0]

The following experiment was then
carried out to determine the effect of the
light-break in relation to the time at which
it is given. The experimental conditions
were similar to the above except that a
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0 . \ , , 30-minute light-break was given at various
0 4 8 2 18 times in the dark period of each cycle.
HRS. AFTER START OF DARK PERIOD . . .
Fig. 5. Effecton germination As shown in Fig. 5, the light-break was
of a 30-minute light-break most effective when given about the middle
given at various times in the of the dark period.
17-hour dark period of each The present results clearly indicate
of 6 cycles. that the germination of Begonia seeds is

affected in a similar way to the flowering
of long-day plants by the light-break given during the dark period.

Minimum Number of Cycles Required for Germination

Seeds were exposed to 1 to 6 cycles of various photoperiods, and then
kept in darkness for the remainder of the experimental period. The
results are given in Fig. 6.

At least 2 cycles of longer photoperiods or 3 cycles of shorter photo-
periods were necessary for germination. The germination percentage
increased with the number of cycles given and nearly reached the maxi-
mum by the exposure to 5 cycles. The fact that at least 2 days’ exposure
was needed for germination in the previous experiments in which the
seeds were exposed to single photoperiods (Fig. 1), is consistent with
the present results.
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Fig. 6. Relation of germination to the number of cycles of
various photoperiods. Results of separate experiments.
Photoperiods, (A) 20 hours; (B) 16 hours; (C) 12 hours;

(D) 7 hours, dark period being interrupted in the middle
for 15 minutes. Germination after 10 days (A to C)- and
13 days (D).

Effect of Gibberellin on Seed Germination under Various Daily Photoperiods

The effect of GA® on germination in complete darkness was examined
first. No seeds germinated in the dark during 10 days in GA solutions
at concentrations ranging from 0.01 to 1000 ppm. This indicated that
GA did not 'serve as a substitute for light.

Then the experiments were carried out to determine the effect of GA
on the germination of seeds receiving various photoperiods. In the
presence of GA at various concentrations, the seeds were illuminated
continuously for 10 days, or they were given 7 cycles of 8-, 5- or 2-hour
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Fig. 7. Effect of gibberellin on germination of seeds under
various photoperiods.

8 Gibberellin was kindly suppliéd by the Kyowa Fermentation Industries, Tokyo.
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photoperiods and then maintained in the dark for 3 days. The results
of the experiments carried out separately are summarized in Fig. 7.
Germination under continuous light was increased by GA application,
~the concentration of 30 ppm being the optimum. It is to be noted that,
in GA solutions, the seeds could germinate under the photoperiods which
otherwise induced no germination; the optimum concentration being 30
ppm also in this case. The result is compared with the fact that many
long-day plants are induced to flower even under short-day cenditions
when they are treated with GA (4).

Since it was found that the critical daylength for germination is
considerably reduced by GA application, germination in 30 ppm GA under
the photoperiods shorter than 2 hours was tested in the same way as
the above. In this experiment, however, the seeds had been allowed to
imbibe water in darkness for 6 hours before the photoperiodic treatments
were begun. (This procedure was adopted in all the subsequent experi-
ments.) Table I shows that the seeds germinate well even under 1-minute
photoperiods.

TABLE 1
Percentage Germination of Seeds under Short Photoperiods
in the Presence of 30 ppm Gibberellin

Photoperiod (minutes)

Experiment :
0 1 3 5 10 30 60 90 120
I 0 19.1 13.5 27.3 22.7 11.1 21.9 21.4 12,0
I - 154 - 17.5 - 16.6 12.9 - 19.7

Effect of Gibberellin on Germinaton of Seeds Given a Single Light Exposure
of Varicus Durations

As already mentioned, at least 2 days’ illumination is required for
germination when the light is applied continuously. On the other hand,
it was shown that the critical daylength for germination is markedly
reduced by the action of GA. Therefore the following experiment was
made to test whether the duration of single light exposure needed for

TABLE 1II
Percentage Germination of Seeds Exposed to Single Photoperiods in
the Presence or Absence of 30 ppm Gibberellin

Duration of light exposure

Gibberellin
(ppm) 7 mins 1 hr 5 hrs 24 hrs 42 hrs 48 hrs 72 hrs
30 0 0 0 0 0 7.2 43.0
0 - - - 0 0 0 14.4
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germination is shortened by GA application. Seeds were given single
photoperiods of 7 minutes to 72 hours in the presence or absence of 30
ppm GA, and then maintained in darkness. The results obtained 10 days
after the start of the experiment are shown in Table II.

While the germination percentage of seeds illuminated for 72 hours
was considerably increased by GA application, no seeds germinated even
in the presence of GA unless they were exposed to light for 48 hours or
more. The results suggest that GA does not seem to reduce the length
of illumination period required for germination, although GA increases
the germination percentage if the seeds are given a light exposure
of necessary duration.

Minimum Number of Cycles of 1-Minute Photoperiods Required for Germi-
nation in the Presence of Gibberellin

Seeds were exposed in the presence of 30 ppm GA to 1 to 7 cycles
of 1-minute photoperiods and then kept in darkness. Germination was

counted 10 days after sowing. Germination began in the seeds subjected
to 3 cycles of the photoperiodic treatment (Table TII).

TABLE III
Porcentage Germination of Seeds Exposed to Various Cycles of 1-Minute
Photoperiods in the Presence of 30 ppm Gibberellin

No. of cycles 1 2 3 4 5 6 7
96 germination 0 0 0.5 0.3 1.7 5.1 10.3

DISCUSSION AND CONCLUSIONS

While the aerial tuber (5) and the flower (6) of Begonia Evansiana
are formed under short-day conditions, the seed of it germinates in
response to long days. Exposure to cycles including a ¢ertain minimum
photoperiod is required for germination. The germination percentage
increases with the length of photoperiod until it reaches the maximum,
which is maintained under still longer photoperiods and continuous light.
The seeds can be induced to germinate under usually non-inductive
photoperiods, if the long dark period is interrupted with a short period
of illumination. The light-break is most effective when given near the
middle of the dark period. All these facts indicate that the photoperiodic
behaviour of Begonia seeds in the germination resembles to that of long-
day plants in the flowering. This is also true with the effect of GA to
be discussed later.

Among many instances of photoperiodic control of germination so
far recorded, those studied minutely are only few. Brack and WAREING
(2) and BiUnsow and voN Brepow (7) have investigated in detail the
photoperiodism in germination of seeds of Betula pubescens and Kalanchoé
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blossfeldiana, respectively, and demonstrated that the photoperiodic behavi-
our of these seeds in germination is similar to that of long-day plants
in flowering. Recently, Isikawa and YokouAMA (8) also reported some
light-sensitive seeds of this type.

The photoperiodic response of Begonia seeds was markedly modified
by GA application. After the experiments were finished, EGNsow and
voN Bregpow (7, 9) reported similar results with Kalanchcé blossfeldiana.
The GA treatment not only increased the germination of Begonia seeds
-under continuous light, but also reduced considerably the critical daylength
for germination. However, no seeds germinated in complete darkness
even in the presence of GA, and the duration of a single light exposure
required for germination was not shortened by GA treatment, at least
2 days’ illumination being necessary.

The above results show that GA promotes the germination only when
photoperiodic treatments are applied to the seeds. Thus the effect of
GA may be to intensify in some way the action of light given periodically.
However, assuming that, in Begonia seeds, light initiates some process(es),
which proceeds under light and finally leads to germination, the
action of GA may substitute for the latter part of the light action.
Since it has been known that the light requirement of certain seeds
such as of lettuce and tobacco is eliminated by the action of GA (3), i
may be natural to suppose that the course of germination of Begoma
seeds also involves some process whose light requirement can be replaced
by GA. However, the process caused by GA may probably not be the
same as that caused by light, as suggested by Binsow and vON BREDOW
(7) and PorLjakoFF-MAYBER et al. (10), for the germination under continu-
ous light is also increased by GA application.

It is noteworthy that GA treatment at a concentration of 100 ppm
was considerably inhibitory to the germination of Begonia seeds under
continuous light, since it has been known in a number of species that
GA does not inhibit the seed germination even at fairly high con-
centrations (3, 1I). This appears of interest when considered in con-
nection with the fact that GA, which is often effective in the breaking
of various kinds of dormancy, seems to induce or prolong the dormancy
in the case of aerial tubers of Begonia (12).
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