Bull. Fac. Bioresources, Mie Univ.
No. 10: 195-200
March 26. 1993

Effects of Cotyledon Area and Gibberellin A
on Photoperiodic Flower Induction in
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Abstract

The relationship between the cotyledon area reduced before or after an inductive dark period and its
photoperiodic response was examined with Pharbitis nil seedlings.

Plants with 0.25- to 1-cm? cotyledon area flowered, showing almost the same critical length of dark
period, 11 or 12 h, as is the case with a single intact cotyledon (about 8.5 cm®), but the Roral response of
plants with reduced cotyledon area did not increase with dark periods longer than 14 h, but it was far
greater per unit area than that with the intact cotyledons. Application of gibberellin A (GAy) to the
plumule enhanced the floral response but the promotion of GAy in plants with cotyledon area smaller than 1
em? leveled off with the longer dark periods.

Plants with 0.12-cm? or 0.06-cm® cotyledons, if their plumules were given GA,, flowered in response
to one or two cycles of 15-h dark period.  When plants with larger cotyledons than 0.12 cm® were exposed
to several number of inductive dark period, number of flowers increased.

The floral response of plants whose cotyledons were reduced to 1-cm? area before 12- to 14-h dark
periods took place by about 2 h earlier than that of plants whose cotyledons were reduced to 1-cm? after the
dark period.

These data reveal some aspects of the generation of the floral stimulus in the cotyledon, especially in
relation to its area.
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1. Introduction

Flowering of photoperiodically sensitive plants depends on the day or night length to which leaves are
exposed, whether flowering site is subjected to inductive conditions or not.  This was first shown by Knott with
spinach® and then by Chailakhyan with Chrysanthemum morifolium®.  Since then, similar phenomena were
found in many other short-day plants such as Xanthium®, dill¥ and Glycine”. In Xanthium, a young developing
leaf of 1 to 2 cm? in area could not induce to flower but a maximum response was obtained with the half expanded
leaf”. However, only 2 cm® of a mature leaf was effective to cause flowering”. In Pharbitis® and Perillg">'"
1 cm? area cut out from a single foliage leaf could induce to flower when subjected to several dark periods. So
far as we know, however, no experimental evidence has been shown as to the flowering response with smaller
leaf area than 1 cm? in those short-day plants.
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On the other hand, Pharbitis seedlings with fully expanded cotyledons responded strongly to a single dark
period'®, resulting in flowering, The application of gibberellin A; (GAs) to the shoot apex before giving the

1 The high levels of endogenous bioassayable gibberellins (GAs) in

inductive dark period enhanced flowering
expanding cotyledons of Pharbitis seedlings'® suggest their involvement in photoperiodic flowering of this
plants.

In the present experiments, we studied the flowering response of Pharbitis nil seedlings with a cotyledon
reduced to smaller area than 1 cm? to different inductive dark periods and to the exogenous GAj applied to the

plumule.

II. Materials and Methods

Seeds of Pharbitis nil Choisy, cv. Violet, were treated with concentrated HpSO4 for 40 min and then washed
thoroughly in running water for 20 h,  They were then allowed to sprout for 20 h on moist sand in a petri dish at
25°C. Germinating seeds were planted in a clay pot filled with mixture of perlite and vermiculite (1:1 v/v).
The seedlings were grown under continuous light of day-light fluorescent lamps (80 zmol m ™% sec™! PAR) at 28
+1°C. Four days later, only a single cotyledon (about 8.5 cm?) with the longer petiole was retained, the other
one being removed. It was cut with a leaf punch so as to reduce to various areas ranging from 0.06 to 1 cm®in
the form of either square or rectangle at the basal portion of the cotyledon. They were exposed to an inductive
dark period of 11 to 16 h at 28°C in most experiments. No detectable increase in the area of the cotyledon was
found during the dark period. After the dark period the seedlings were grown under continuous fluorescent
light at 20°C for a week to allow maximum floral evocation at the apex,”'? and then transferred to 28°C until
dissection for counting the number of flowers. The plants were applied with tap water daily and with nutrient
solution three times a week. An aqueous solution of GAy with 0.05% (v/v) Tween-80 was applied to the
plumule (0.25 pg GAs/plumule) through a glasscapillary tube immediately before the inductive dark period.
Control plants were applied distilled water containing Tween-80. Each group was consisted of two or three
pots with 14 to 21 plants in each, and flowering response is shown as the mean number of flowers per plant + the
standard error.

II1. Results

1. Cotyledon-area manipulation before the dark period

In a preliminary experiment, the flowering response of plants with either a single or a pair of cotyledons each
of which was reduced to 1 cm? was compared with that of plants with a single or a pair of intact cotyledons.  As
seen in Fig. 1, the number of intact cotyledons had little effect on the number of flowers for any given length of
dark period. A single intact cotyledon was fully effective to induce flowering of axillary buds from the third node
to the terminal bud of the main shoot after exposure to 14 to 20 h dark periods. Similar trend in flowering
response of a pair of cotyledons was found. The reduction of cotyledon area to 1 or 2cm? caused to a
considerable decrease in flowering. Dark periods longer than 14 h did not increase the number of flowers per
plant.

In a further experiment, only a single cotyledon with a longer petiole was used and the other one was
removed. The remaining single cotyledon was reduced to various small areas and the plumule was treated with
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either GA; or distilled water. Then the seedlings were exposed to various durations of dark period. As shown
in Fig. 2, the plants with the small cotyledon area flowered after 11 or 12 h of dark period, being a critical length
of the dark period. However, with the dark period longer than 13 h the plants with smaller cotyledon areas
produced a less number of flowers, and further lengthening the dark periods could not increase the number of
flowers.  GA, application to plumules of the plants with 1 cm? cotyledons resulted in as much flowering as the
control plants with 8.5 cm? intact cotyledons and in both plants the number of flowers was dependent on the
length of the dark period. However, the promotion of flowering by GAs in plants with cotyledon areas reduced
to less than 0.5 cm? leveled off with lengthening the dark periods.

A single cotyledon was reduced to an area as small as 0.06 cm?, and the plumule was treated with either
GA; or distilled water. These plants were then exposed to various cycles of 15-h dark period and 9-h light
period. The results are shown in Fig. 3. In general, the plants exposed to more inductive cycles produced
more number of flowers, and GAj application promoted flower production. When plants with 0.12-cm?
cotyledon area were treated with GA;, they flowerd in response to only one dark period and those with 0.06-cm?
flowered after two inductive cycles, if treated with GA;. However, without GAg application the latters did not
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Fig. 2, Flowering of Pharbitis with a single intact Fig. 3. Flowering of Pharbitis with a single intact
cotyledon (@) or with reduced cotyledon area of cotyledon (®) or with reduced cotyledon area of
1- (), 0.5- (0), 0.25- (&), or 0- (O) cm®, when 1- (@), 0.5- (O), 0.25- (&), 0.12- (@), 0.06- (&)
exposed to different lengths of an inductive dark or 0- (©) em?, when exposed to different numbers
period. Plumule was either treated with (------) of 15-h inductive dark periods. Plumule was

or without GAy4 (—), either treated with (------ ¥ or without GAy ().
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flower at all even if four inductive cycles were given.

2. Cotyledon-area manipulation after the dark period

In one group of seedlings their cotyledons were reduced to 1 cm? immediately before dark periods of 11 to
16h. In another group the cotyledons were either reduced to 1 cm? or removed immediately after the dark
periods or 4 h after 16-h dark period. The piumules of one group of plants were treated with GA3 before the
dark periods. The flowering responses of these plants are shown in Fig. 4. Whether or not GA; was applied,
over 12 to 14 h dark periods the flowering response of plants with 1 em? cotyledon reduced before the dark
period occurred with about 2-h shorter dark periods than those reduced after the dark periods. In addition, the
plants without GA; flowered when their intact cotyledon was removed after 14 h dark period, while those treated
with GA; flowered after 13 h dark period.

Lo

Fig. 4. Flowering of Pharbitis with intact (@) or
with reduced cotyledon area of 1-cm® (),
when exposed to different lengths of an
inductive dark period (11 to 16 h). At the
end of the dark periods or 4 h after a 16-h
dark period (20%), the intact cotyledon was
reduced to 1cm® (@) or removed (&),
Plumule was either treated with (------ Y or
without GAy (——).
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1V, Discussion

Over a wide range of dark periods, the number of intact cotyledon had a little or no relation to the production
of flowers in Pharbitis seedlings (Fig. 1).  Similar results have been shown also in other reports.'*!®  These
show that floral stimulus from a single intact cotyledon exposed to 14- to 16-h dark period is sufficient to cause
flowering in all axillary buds and the terminal bud on the main shoot of Pharbitis seedlings. Kujirai and
Imamura® reported that flowering in Pharbitis seedlings with a single intact cotyledon was much less than in
those with a pair of the cotyledons. However, we cannot compare the present results with their data, because
under their experimental conditions plant growth was very slow; the node bearing the first flower bud on the
main shoot did not so greatly advance with age as it did in the present experimental condition,

Flowering of plants with a single or a pair of cotyledons whose area was reduced to 1-cm® each was much
less than that with a single infact cotyledon, but it was still far greater if based on unit area (Fig. 2). Imamura
and Takimoto® also found that a small area cut from foliage leaf of Pharbitis plants was more effective for flower
induction than expected from the leaf area. Even plants with cotyledons as small as 0.25 cm? flowered under
almost the same critical dark period as the plants with intact cotyledons of full size, although far less flowers were
formed and their number did not increase with the increase in length of the dark periods (Figs. 1 and 2). This
suggests that starting time of the floral stimulus generation in the cotyledons is not affected by their size, but
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their potential magnitude is limited in a small area.  The applications of sucrose (1 to 6%), various amino acids,
vitamins, and minerals to both the cotyledons reduced to small area and the plumule did not affect flowering (data
not shown), which suggests that the shortage of these nutrients do not limit the floral processes in the cotyledon
or at the apex. Incidentally, ethrel (0.15 to 1.5 ng) applied to the basal portion of cotyledon either before or
after the inductive dark period did not affect flowering (data not shown), This means that lowering of the plants
with cotyledons cut to small area is not affected by endogenous ethylene even if it is released from the cut surface
of the cotyledon.

Application of GAjs to the plumule increased the number of flowers in the plants with cotyledon reduced in
area. In fact, plants with cotyledons reduced to 1 cm?® formed so many flowers as those with intact cotyledons,
if GA3 was applied to the plumule (Figs. 3 and 4). This could mean that the principal stimulus generated in a
1-cm? cotyledon is sufficient to cause the same level of flowering as a single intact cotyledon, if another factors
such as GAs are supplied to the apex.

Plants with cotyledons as small as 0.12 and 0.06 cm? flowered after one or two inductive cycles, if GA; was
applied to the plumule (Fig. 3). GA; itself acts not on the cotyledon but on the shoot apex, as shown by
Ogawa'V.  Thus, the present data (Fig. 3) indicate that these cotyledons reduced to 0.12 to 0.06 cm? are able
to generate floral stimulus in response to the dark period and to cause flower initiation at the apex in cooperation
with GAj action. The data also show that the cotyledons reduced to very small area can generate the floral
stimulus with the repetition of inductive cycles and the stimulus can act additively on the apex.

Cutting cotyledons to 1 cm? before the dark period resulted in greater flowering than that at the end of
darkness of 12 to 14 h (Fig. 4). By the time of 13- or 14-h dark periods the floral stimulus had not moved out of
the induced cotyledon, as is indicated by the data on the removal of the cotyledon at different times (Fig. 4).
Thus, generation of the floral stimulus in the cotyledon reduced in area before the dark period is supposed to be
promoted as compared with that in the intact cotyledon. This idea is also supported by the data that the
generation of the floral stimulus per unit area in a narrowed cotyledon is greater than that of an intact cotyledon
(Figs. 1 and 2).

References

1) Borruwick, H. A, and M. W. Parxgr. Floral initiation in Biloxi soy beans as influenced by age and position of leaf
receiving photoperiodic treatment, Bot, Gaz. 10: 806-817 (1940).

2) CHalLAKHYAN, M, Kh.  On the hormonal theory of plant development. C.R. (Dokl) Acad. Sci. URSS,  12: 443-447
(1936).

3) HaMmnegr, K. C. and J. BonngR.  Photoperiodism in refation to hormones as factors in floral initiation and development,
Bot. Gaz. 100: 388-431 (1938).

4) Hamner, K. C. and A. W, NavLor. Photoperiodic response of dill.  Bot. Gaz. 106: 853-861 (1939).

5) IMaMura, S. and A. Takimoro.  Flowering response in Pharbitis nil in relation to the leaf area subjected to inductive
photoperiod.  Bot. Mag. Tokyo, 69: 353-358 (1956).

6) Kuupairl, A. K. and K. C. HAMNER, The relative sensitivity of Xanthium leaves of different ages to photoperiodic
induction.  Plant Physicl. 29: 251257 (1954).

7y King, R, W. and L. T. Evans.  Timing of evocation and development of flowers in Pharbitis nil.  Aust. ]. Biol. Sci. 22:
559-572 (1969).

8) Knorr, ] E. Effect of a localized photoperiod on spinach.  Proc. Amer. Soc. Hort. Sci. 31: 152-154 (1934).

9)  Kujiral, C. and S. Imamura.  Uber die photoperiodische Empfindlichkeit der Kotyledonen von Pharbitis nil Chois. Bot.



200 Yukiyoshi OGawa

Mag. Tokyo, 71: 408-416 (1958),

10y Ocawa, Y. Changes in the amount of gibberellin-like substances in the seedling of Pharbitis nil with special reference to
expansion of cotyledon. Plant Cell Physiol. 5: 11-20 (1964).

11) Ocaws, Y. Stimulation of the flowering of Pharbitis nil Chois, by gibberellin As : Time dependent action at the apex.
Plant Cell Physiol. 22: 675681 (1981).

12y Ocawa, Y. Effect of temperature and gibberellin Az on flowering in Pharbitis nil Choisy. J. Japan. Soc. Hort. Sci. 57:
475480 (1988).

13) Ocawa, Y. Influences of radiation intensity, plant age and benzyladenine on photoperiodic flowering of Pharbitis nil
seedlings. Bull. Fac. Bioresources, Mie Univ. No 7: 83~90 (1992).

14) Ocawa, Y. and R. W. KinG.  The inhibition of flowering by non-induced cotyledons of Pharbitis nil.  Plant Cell Physiol.
31 129-135 (1990).

15) Suck, H. Nature of floral stimulus in Perilla as studied by grafting. 1. Method of evaluation and the movement of floral
stimulus as affected by N%-benzylaminopurine. Jap. J. Crop. Sci. 53: 423-429 (1984),

16) VINCE-PRrUE, D. and J. GRESSEL.  Pharbitis nil, In Handbook of Flowering, Vol. I Ed. by A. H. Halevy. p. 47-81.
CRC Press. Boca Raton Florida (1985).

17y Zeevaart, J. A. D, Flower formation as studied by grafting. Meded. Landbouwhogeschool Wageningen. 58: No 3, 1~
88 (1958).

o

T WA ONE ARG TS T PRV v Ay DR

NI
TR A A I

FHH A, G, Violet O 4 B H OB OTREE LI 8.5 em®) IS LA, 0 E 0.06em® 26
Lem? OANHERO I Y, AORBEEEIS B 20K Rz, —WO 7V — 7%, BHIGFEC S~V
¥ Ay DEHETT LT (GAs, 0.25 ug/ 53, F0EE LW~

0.25cm® A6 1em® OFHEd 1 E O 1205 B MNI G LA AVE Chce FREMIRATN S e 2122 0T L,
B Ufze F7, ANHEUD LT R id 4B LL E ORI TR L7 Ao 2o GAy UL & o TIEB @M L
2o LA, 0.5em® £ WS LATHTO GAy 124 B0, MY OB L & h otz Ziidh
i Lf FEECOMBMB ORI, HEL AW RIGIRENSZ L ERIE L Tnd, LaL, IHE/hRN
L7 P30 AR O o DS EAAE, BatTROYR L IR TH s,

0.12em? & 0.06cm® {2 L7 30d, Sh3FIC GAy 2RI A &, LB L U2 @ o 158 I Rl L
TRERAH: U rze 0,12 em® DL LT85 CHEH R OB Mt ALt U 2z, 1 BRI B U CHE A4k
U %O #mEHL, 0.06cm® 50 12em* O ThHDH EMbIL,

1205 A & LAREI ORFIHT IS Lem® 12 L7238 Uﬁiﬁ)}’(‘. I, BIEEHIC lem® LR LB RTHot, 20
Z&k, EERTNERN A S &, Hh‘-ﬁUiﬂ: WG ASE AP O 6 V.L‘[:’\“"Cfl‘i':iiﬁé NAHZEERBLTD,






