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Movement of Floral Stimulus in the Cotyledon
and Petiole of Pharbitis nil Seedlings
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Abstract

Flowering of Pharbitis seedlings was not prevented by the treatment that either the major veins or the
lamina of the cotyledon was cut just before or after giving an inductive dark period.  This suggests that the
floral stimulus generated in the cotyledons is capable of moving through the mesophyll cells only, or through
the vascular bundles only, and its route can change quickly if the occasion demands.

The flowering response of plants with a basal half cotyledon remained by 1.6 cm in length reached the
maximum 4 h after the end of a 14-h inductive dark period, but that of the plants with the whole cotyledons
removed did the maximum 6 h after the dark period, No difference in flowering was found in plants whose
petiole of 1.2 cm length was cut at the top and at the base.  This suggests that the floral stimulus moves at
a rate of 0.8 cm/h or a little faster in the cotyledon, and that it moves quickly in the petiole. The
movement of floral stimulus in the cotyledon did not occur at 10°C, but did readily at 15°C.

Plants with the petiole incised from both sides flowered as much as those with intact petiole, which
suggests that the floral stimulus could move through a small number of cells remained intact at the incised
portion of the petiole.
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I. Introduction

It is well known that the leaves of many photoperiodic plants produce flowering hormones or floral stimuli in

response to the length of day and night. These substances move to the shoot apex where they stimulate

713 Efforts to isolate these hormones were made by applying extracts from flowering to

3,6,11)

flowering.
non-flowering plants, but they remained to be a limited success. The chemical structure of these agents
and their physiological function in plant tissue are entirely obscure.

Flowering of Pharbitis seedlings could be brought about by a single induced cotyledon, ' and the floral
stimulus could arrive at the plumule 16 to 20 h after the start of the dark period.>%1516)

Using Pharbitis seedlings with a single cotyledon, we studied their floral response as affected by cutting the
veins or mesophyll tissues of the cotyledon and the different parts of the induced cotyledon at various times after
floral induction. Effect of incising the petiole was also examined. Information on the pattern of the floral
stimulus movement within the cotyledon and within the petiole might contribute to know about the nature of the

floral stimulus itself,
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Il. Materials and Methods

Pharbitis nil seedlings, cv. Violet, were grown for 4 days after planting under the same conditions as

reported previously®.

The one cotyledon with the longer petiole was used for the experiments, and the other
one was detached. With a small razor blade, the cutting was made at different sites of the prominent veins of
the cotyledon or the parts of lamina remaining the veins before or after various lengths of an inductive dark
period. In some experiments the cotyledon was partly cut off to leave the one half or one fourth of the
cotyledon of basal part, or the whole cotyledon was detached at various times after a 14 h inductive dark period.
In other experiments the cotyledonary petiole was incised with a razor blade from both side to about half of its
width just before or after the inductive dark period, but this treatment did not cause wilting of the cotyledon.
After the dark period the plants were grown at 20°C for a week, and then kept at 28°C for two weeks until
flowering was assessed by dissection, Two or three pots with 14 to 21 plants were used for each experimental

lot. The data are shown as means of number of flowers per plant =+ the standard error of the mean.

I11. Results

1. Effects of cutting cotyledon veins and mesophyll

Two principal lateral veins diverge from midrib at the [ower and the upper point of the cotyledon,
respectively, those being by about 5 mm apart. Immediately before an inductive dark period the veins were cut
at various sites of the cotyledon, as shown in Fig. 1-a. The midrib was cut at the side of diverging point of
upper-lateral veins or the other side of diverging point of lower-lateral veins.  In addition to cutting the midrib at
each point, the lower lateral veins including the basal margin of cotyledon were cut.  After cutting the midrib and
the veins at the lower point, the cotyledon surface was lined with cellophane tape between both ends of the
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Fig. 1-a. Shematic presentation on the arrangement of g
prominent veins and the position of cutting (bold o . L : ; L
line) in Pharbitis cotyledon. Intact cotyledon 1 12 13 14 15

(8), midrib cut just below the upper divergence Hours of dark period

of lateral veins (@), midrib cut just above the Fig. 1-b. Flowering response of Pharbitis with the

lower divergence (C), midrib cut in the upper cotyledon cut its veins to various durations of
portion and lower-lateral veins cut (&), midrib the dark period. Intact cotyledon (#), midrib
cut in the lower portion and lower-lateral veins cut just below the upper divergence (@), midrib
cut (&), cut just above the lower divergence (O), midrib

cut in the upper portion and lower-lateral veins
cut (&), midrib cut in the lower portion and
lower-lateral veins cut (&),
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crosswise cuts to prevent the cotyledon lamina from hanging down.  As shown in Fig. 1-b, no distinct difference
of flower response was found between the plants with cotyledon disconnected veins and those with cotyledon of
intact veins, although slightly less flowering was found in the plants whose midrib and lateral veins were cut at the
lower point. )

In a further experiment the cotyledon lamina was cut along an imaginary line to one half or one fourth in
cotyledon area, taking care not to cut the midrib and the lateral veins. The control cotyledon was cut off along
the same line (Fig. 1-c). As seen in Fig. 1-d, cutting the lamina did not affect lowering. Flowering response
of the plants, whose cotyledon veins or lamina were cut immediately after 12 to 16 h inductive dark period, was
also nearly the same level as that of control plants (data not shown).
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Fig. 1-c. Shematic presentation on sites where the lamina
was cut at the upper (@) or lower line (&) (hold
line) with remaining the veins of Pharbitis
cotyledon. Intact cotyledon (B) was cut off
along the upper (O) or lower line (&),
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Fig. 1-d. Flowering response of Pharbitis cotyledon
whose lamina was cut at the upper (@) or lower
line (&) with remaining the veins to various
durations of the dark period. Intact cotyledon
(B) was cut off along the upper () or lower
line (&),

2. Effect of partial removal of the induced cotyledon

Various portions of the induced cotyledon (8.9 +0.25 cm®) were cut off at various times after a 14 h dark
period.  Areas of cotyledon remained were 4.9 +0.15 cm? (one half) and 2.4 +0.1 cm? (one fourth), each being
1.6 and 0.8 cmin length.  Whole cotyledons of the other plants were detached by cutting either at the top or the
base of the petiole whose length was 1.24+0.05 om (Fig. 2-a).  As seenin Fig. 2-b, removal of one half or three
quarters of an intact cotyledon area at the end of the dark period resulted in less flower production comparing
with plants with an intact cotyledon. The partial removal of the cotyledon also resulted in less flower production
comparing with plants whose cotyledons were removed to the same extent just before the dark period.
Defoliation, distal or proximal cutting of the petiole, at the end of the dark period resulted in no flowering, which
indicates that the floral stimulus had not left the cotyledon by this time. Plants remaining one half or one fourth
of a cotyledon had more flowers if cutting time was delayed. Flowering response reached a maximum when the
time of cutting was delayed to 18 h from the onset of darkness, and then it leveled off. The number of flowers
increased rapidly with delaying of time of defoliation, reaching a maximum at 20 h, and the flowering level was
slightly lower comparing with that of plants with cotyledon intact. Less number of flowers produced by the
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Shematic presentation on sites where a
cotyledon of Pharbifis was cut off. Broken
lines indicate the areas cut off. Intact cotyle-
don (E) was cut to one-half cotyledon (@), to
one-fourth cotyledon (©), at the top of petiole
(&) or at the base (&),
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Fig. 2-b.

.(.3 2 4 6 8 10
Hours after a 14h dark period
Flowering response of Pharbitis with the
cotyledon cut off at various times after 14-h
inductive dark period (darkened bar). Intact
cotyledon (---M---), one-half cotyledon cut be-
fore (---@---) or after the dark period (—@—),
one-fourth cotyledon cut before (---O---) or af-
ter the dark period (—O—), whole cotyledon
removed by cutting at the top of petiole

(—4—) or at the base (—aoO—).

Fig. 2-¢.

Flowering response of Pharbitis with the
cotyledon cut off after various times at different
temperatures (10°, 15° or 22°C) after 14-h in-
ductive dark period (darkened bar). Intact
cotyledon (---B---), one-half cotyledon cut be-
fore (---@---) or after dark period (—@-—), one-
fourth cotyledon cut before (---O---) or after the
dark period (—C—), whole cotyledon removed
by cutting at the top of petiole (—&—) or at
the base (—&—).

removal of the cotyledon might be ascribable to a shortage of the floral stimulus to form the terminal flower, or to
a lack of any other necessary factors for flower production as suggested by King et al.* and Ogawa®.
Flowering of plants whose cotyledon was removed at the top and at the base of the petiole was quite the same.

Floral response as affected by cutting off a part of cotyledon at various times after 14 h dark period at

different temperatures (10°, 15° or 22°C) was examined (Fig. 2-c).

At 10°C, no increase in flowering response

was observed in plants with cotyledon cut partially, and no flowering did occur in plants with cotyledon detached
even if the time of cutting or detaching was delayed. At 15°C, plants whose cotyledon was patially cut flowered
to the same degree as those at 22°C, but with complete cotyledon removal there were far fewer flowers.
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3. Effect of incision of cotyledonary petiole

In one group of plants, the cotyledonary petiole was incised to about half of its width but the cotyledon did
not wilt. A droplet of sap exuded from the incision. In some experiments, a 2 mm? mica sheet was inserted
into the incision, Observation through a microscope revealed that a large part of the vascular bundles had been
cut by the incision. In another group, the petiole was folded down with a nipper, keeping in place until
dissection for flowering. These plants were exposed to various durations of the inductive dark period. These
treatments had no effect on flowering (Fig. 3). Similar manipulation just after the dark period also did not affect
the flowering (data not shown).
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v o3 petiole incised from both sides (C) or folded down
H with a nipper (@), before the dark period of
2 2r various durations. Control plants had intact
s cotyledonary petioles ().
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1V. Discussion

Chailakhyan? concluded that the floral stimulus moves through mesophyll tissues of the leaf blade in Perilla,
because normal flowering occurred even after the basal veins were cut.  Similarly, for Pharbitis cotyledons,
cutting either the veins or lamina mesophyll allowed to flower as much as in plants with an intact cotyledon (Figs.
1-band 1-d). If the cuts were made just after the dark period at which time the floral stimulus was still in the
cotyledon, flowering was normal. This indicates that floral stimuli in the cotyledons can move either through
mesophyli cells only or through vascular bundles only, and that their pathway can change quickly as the occasion
demands.

In the plants whose cotyledons were cut off to a half of the cotyledon, the time required for maximal
flowering was 18 h, while in those defoliated completely it was 20 h (Fig. 2-b).  Floral stimulus from the apical
half of the cotyledon had moved a distance of 1.6 cm to the basal half within 18 h (within 4 h after a 14 h dark
period), Then, the stimulus moved out of the basal half of the cotyledon within the next 2 h. ~Thus, the speed
at which the floral stimulus moved in the cotyledon could be estimated as about 0.8 cm/h, or more. The speed
of the stimulus movement in the Pharbitis cotyledon is similar to that in the Lolium leaf blade (1-2 cm/h), as
estimated by Evans and Wardlaw®. Because the flowering response of the Pharbitis cotyledon cut at the top of
petiole did not differ from those cut at the base (Fig. 2-b), the speed of the stimulus movement in the petiole
must be as quick as that in the stem, which was estimated by Takeba and Takimoto'?, and by King et al.* to be
from 35 to 60 cm/h.  This would explain the reason why enough of the floral stimulus generated in an intact
cotyledon could arrive at the plumule within 4 or 6 h after the end of a 14 h inductive dark period.
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Flowering of plants with cotyledon cut to one half or one fourth at various times after 14 h dark period was
examined using plants with the cotyledon whose midrib and lateral veins were cut at the lower point, and
compared with that of plants with cotyledon intact. No difference in pattern of flowering was found between
these two kinds of plants (data not shown). This suggests that cutting the veins does not influence on the speed
of the movement of floral stimulus in the cotyledon.

Zeevaart'” reported that export of the floral stimulus out of the cotyledon was retarded when the plants
were placed at lower temperature after floral induction. At 10°C, no increase in flowering in plants with partially
cut cotyledon and no flowering in defoliated plants occurred even when the cutting time was delayed (Fig. 2-c,
10%). This suggests that the floral stimulus is stationary within the cotyledon at the low temperature.
However, at 15°C flowering of the plants with partially cut cotyledon occurred nearly to the same degree as that
of plants placed at 22°C but it did very slightly after defoliation (Fig. 2-c, 15° vs. 22°). This suggests that the
movement of the floral stimulus from the cotyledon into the petiole is more sensitive to temperature than that
within the cotyledon,

Microscopic observation on the incised petiole revealed that a considerable portion of the cortex and
vascular bundles including phloem had been disconnected. However, the flowering was not affected by the
incision at all (Fig. 3). This indicates that the floral stimulus passed well through cells remaining around the
incised part of the petiole, and the stimulus could move smoothly through the folded portion of petiole (Fig. 3).
Further studies should concentrate on the mechanisms of cell-to-cell movement of floral stimulus in the cotyledon
and rapid transport in the petiole.

References

1) CHAILAKHYAN, M. Kh. Translocation of flowering hormones across various plant organs. 1. Across the leaf. C. R.
(Dokl.) Acad. Sci. URSS 27: 160-163 (1940).
2y Evans, L. T. and L. F. WarpLaw. Inflorescence initiation in Lolium femulentum L. 1V. Translocation of the floral
stimulus in relation to that of assimilates,  Aust. J. Biol. Sci. 17: 1-9 (1964).
3) IsHioka, N., S. Tanmoro and H, Harapa, Flower inducing activity of phloem exudates from Pharbitis cotyledons
exposed to various photoperiods. Plant Cell Physiol. 32: 921-924 (1991).
4) KNG, R. W., L. T. Evans and 1. F. WarpLaw. Translocation of the floral stimulus in Pharbitis »il in relation to that of
assimilates.  Z. Pflanzenphysiol. 59: 377-388 (1968).
5) LarkiN, J. C., R. FELsHEIM and A, Das.  Floral determination in the terminal bud of the short-day plant Pharbitis nil.
Dev. Biol. 137: 434-443 (1990).
6) LincoLn, R. G., A, CunningHuM and K. C. Hamner.,  Evidence for florigenic acid.  Nature, 202: 559-561 (1964).
7) Lanc, A. Physiology of flower initiation. Encyclopedia of Plant Physiol. 15: 1380-1536 (1965).
8) Ocawa, Y. Effects of cotyledon area and gibberellin A, on photoperiodic flowering of Pharbitis nil seedlings. Bull.
Fac. Bioresources, Mie Univ. 10: 195-200 (1993).
9) Ocawa, Y. and R. W. King.  Indirect action of benzyladenine and other chemicals on flowering of Pharbitis mil Chois.
Plant Physiol. 63: 643-649 (1979).
10y Ocawa, Y. and R. W. KiNc.  The inhibition of lowering by non-induced cotyledons of Pharbitis nil.  Plant Cell Physiol.
31: 129-135 (1990).
11) Pursk, J. G.  Phloem exudate of Perilla crispa and its effects on flowering of P. crispa shoot explants.  J. Exp. Bot. 35:
227-238 (1984).
12) Takega, G. and A. Takmoro. Translocation of the floral stimulus in Pharbitis nil.  Bot. Mag. Tokyo, 79: 811-814
(1966).



Movement of Floral Stimulus 207

13) Vince-Prug, D, A flowering hormone ?.  In Photoperiodism in Plants. pp. 30-56. McGraw Hill, London (1975).

14) ViNCE-Prug, D. and GRESSEL, J.  Pharbitis nil.  In Handbook of Flowering. Vol. 1V. Ed. by A. H. Halevy, pp. 47-81.
CRC Press, Boca Raton Florida (1985).

15) Wapa, K. Studies on the initiation and development of flower primordia in Pharbitis nil, with special reference to the
time of arrival of the flowering stimulus at the plumule. Rep. Fac. Sci. Shizuoka Univ, 1: 83-89 (1966).

16) Zeevaart, . A. D.  Physiology of flowering. Science, 137: 723-731 (1962).

17) Zeevaart, J. A, D, Climatic control of reproductive development,  [n Environmental Control of Plant Growth. Ed. by
L. T. Evans, pp. 289-310. Academic Press, N. Y. (1963).

T A DIERAN DT L S PPN D)

I
i I N2 et v ke gl Ak

THI A, SR Violet DAHIMOT-HEE LRI LA, BRI OB, BREDT A, HH il
MDA OIES BN LT, RIS A2 E 2~ T RO S TERAOBEIG S o2 F 2 WO
LRI SRR wa-zmwwm, WIS L oo TR OFIE, FRPAICE UoERNuE, Z2heho
YIS & » CHIAMINE, HOHVITHS AR ERIT A2 L 2R LT, £/, INOOBIMMN T, i
WIS B AS T iE T Zm.é: IR LThb,

Mﬁf"’I“]03?55‘?%”’;519112&. FEOWEHE 1. 6em OE 3 ER U TUW L A2BAa ok, W4 M TREICE o7
A, EFIEERUM LA o, 6N TREICE o4 £/, 1. 2om & 8 OFENO N L T o R
WS ARSI IR & e dr o 2o S OHERESE, FEAUIBLE, TIENT 0.8 am/HE, HAVEER L YL LM
VVEECREEE L, FOMPHR IR IS O E TR A 2 & mié% LTwh, 10°C T, fEliis, FRMEme
BULAod o, 15°C T, FRNT WIS A5, SERKNA~OR DN S,

W R WA S U0 AARE DTS, ERIZIRERE L o b oo, JHUETERIIEAS, Y10 ASRHCH DI » T
VAUHBEOMEE RS IIBMT A EERBL T D,






