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Summary. Internode segments excised from vegetative Plumbago indica plants
are responsive to photoperiodic treatments in vitro. Under long days, they produce
vegetative buds; under short days, they develop inflorescences. These inflorescences
can remain devoid of flowers (‘‘vegetative inflorescences’), or produce normal
flowers which open in the test tubes. The minimum duration of the short-day
treatment capable of inducing flowering is of the order of 4 weeks.

The production of inflorescences under short days is affected by various factors.
An adequate level of sucrose is necessary. Sucrose can be replaced by maltose and,
to a small extent, by cellobiose, but not by mannitol or lactose. Auxins and gibber-
ellins inhibit the production of flower buds, whereas cytokinins and adenine do
not. Guanine, thymine, cytosine or uracil alone are ineffective, but thymine or its
precursor, orotic acid, enhance the production of floral buds when adenine and
kinetin are also present in the medium. Several amino acids, as well as glutamine
and asparagine, tend to reduce inflorescence formation at 3 x10—* M or above;
urea increases it slightly at the same concentrations. Both the cis- and the trans-
isomer of abscisin IT enhance inflorescence formation under short days, but have
no such effect under long days.

High concentrations of adenine re-established the red coloration of the petals
which is typical of the clone used. Otherwise, the color of the flowers grown in vitro
was pink, presumably because of the depressing effect of kinetin on anthocyanin
synthesis.

Introduction, Material and Methods

The search for a suitable system with which one could study the
biochemistry of the flowering process, has led us to use excised stem
segments of an absolute short-day species, Plumbago indica L., clone
“Angkor”. The first article of this series (N1TscH and Nrrscr, 1967) has
described the general techniques for aseptic culture of such segments,
and the conditions under which they can be stimulated to produce buds.
The present article will present the results of investigations aiming at
determining the conditions under which these buds can be brought into
the flowering rather than the vegetative state.

The techniques used have been described in the preceding article (NiTscH and

NiTscm, 1966). All segments were excised from internodes of stock plants kept in
completely vegetative conditions in a greenhouse by means of 16-hour photoperiods.
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Experimental Results

a) Types of Inflorescences

Depending on the experimental conditions, the flower buds which
were formed in vitro produced either flowers of normal size (Fig. 1) or
inflorescences with bracts, but devoid of flowers. These inflorescences
have been termed “vegetative in-
florescences” (Fig. 2). They may
bear some similarities to the “sterile
cones”’ obtained by RagHAVAN and
Jacoss (1961) while culturing apices
of Perilla. These inflorescences
frequently did not reach the stage
represented in Fig. 2, but turned
brown and died; such inflorescen-
ces have been called “aborted in-
florescences”.

b) Photoperiodic Induction in vitro

After being planted in test tubes,
the internode segments were sub-
jected to either long (18 hours of light)
or short (9—10 hours) photoperiods.
No inflorescences developed when
the cultures were maintained under
long days (Table 1). As already shown
previously (Nirscm and NrTscH,
1967), the percentage of cultures
forming buds at all was also much
reduced under these conditions.

Determinations of the Critical In-

Fig. 1. Flower of Plumbago indica induced . .
and developed in vifro on a 5 mm-long section duction Period. In the case of whole

of internode excised from a vegetative plant. plants, dependjng on the VigOU.I' and

(Magnification x 2)
the temperature, one week of 9-hr.

days or less is sufficient for irreversible flower induction (N1TscH, 1965Db).
When planted in test tubes, internode sections have first to recover from
the shock of being severed from the plant. Then, they have to start
producing buds. It is not surprising, therefore, that floral induction
takes longer in the case of excised segments. By shifting cultures from
short-day to long-day conditions at various time intervals, it was possible
to show that a minimum of 4 weeks of short-days is necessary for the
irreversible induction in vitro (Table 1). This is about the time at which
buds start to become visible on the cultures.
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¢) Effect of Carbohydrates

As shown previously (Nirsce and NirscH, 1965), sucrose has a
determining influence upon the formation of flower buds in Plumbago.
This phenomenon has been investigated further by testing disaccharides
other than sucrose, and by studying the effect of their concentration.

Apart from sucrose, the formation of vegetative buds was also pro-
moted by maltose, cellobiose and lactose. In the latter case, the buds

Fig. 2. “Vegetative inflorescence” developed on an internode section under short days on a medium
containing 1% sucrose. (Magnification x 8)

remained very small. The carbohydrates differed, however, in their
ability to support the formation of reproductive buds (Table 2). In
general, sucrose was best, followed closely by maltose; cellobiose (at
6 10-2 M) was also able to allow the formation of some inflorescences,
whereas lactose was totally ineffective.

As shown by the data of Table 2, sucrose, at a concentration of
10-2 M, promoted the formation of buds on 100% of the cultures, but
these were all vegetative. At higher sucrose concentrations, a certain
proportion of the cultures developed flower buds.

In order to defermine whether this concentration effect was an
osmotic one, various concentrations of mannitol were added to a relati-
vely Iow sucrose concentration. Vegetative buds could be produced with
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Table 1. Effect of photoperiod on the induction of flowering in vitro
Medium containing kinetin (1 mg/l), adenine (3 X 10~*.M) and 2.5% sucrose.
Segments 10 mm in length.

Photoperiod Number After 8 weeks  After 14 weeks
of
cultures Cultures (%) Cultures (%) with

with

Veg. Inflores- Veg. Inflo- TFlowers
buds cences buds res-

cences*
9-hr days throughout 12 42 50 8 83 33
18-hr. days throughout 12 17 0 3 0 0
2 weeks of 9-hr. days, then 18-hr. days 12 42 0 42 8 0
3 weeks of 9-hr, days, then 18-hr. days 12 5 0 58 0 0
4 weeks of 9-hr. days, then 18-hr. days 12 42 25 42 42 8
5 weeks of 9-hr. days, then 18-hr. days 12 75 8 58 25 25
6 weeks of 9-hr. days, then 18-hr. days 10 50 30 20 60 17
7 weeks of 9-hr. days, then 18-hr. days 12 50 42 8 92 25
2 weeks of 18-hr. days, then 9-hr. days 12 30 8 8 42 25
3 weeks of 18-hr. days, then 9-br. days 11 18 0 9 27 9
4 weeks of 18-hr. days, then 9-hr. days 12 8 0 17 25 0
5 weeks of 18-hr. days, then 9-hr. days 12 25 0 17 25 8
6 weeks of 18-hr. days, then 9-hr. days 11 25 0 18 27 0
7 weeks of 18-hr. days, then 9-hr. days 12 25 0 17 33 0

* Including those which produced open flowers (which are listed in the last
column).

mannitol alone, but they remained very small (Table 3). When added
to media containing 3 X102 M sucrose, mannitol not only did not in-
crease the percentage of cultures forming inflorescences, but actually
decreased it (Table 3). Thus, the effect of high concentrations of sucrose
in stimulating inflorescence formation cannot be duplicated by replacing
part of the sucrose with mannitol.

d) Effect of Auwins, Gibberellins and Abscisins

Auzins and Related Compounds. As mentioned previously (N1TscH and
Nirsch, 1967), TAA at relatively low concentrations tended to increase
the percentage of cultures forming buds. This effect can be seen again
in the results of Table 4. However, the addition of auxin decreased the
percentage of cultures developing inflorescences.

Similar results, with variations depending on the compounds used
and their concentrations, were obtained with L-tryptophane, isatin
(purified as described by Bur Daxe Ha and Nrrscm, 1966), phenyl-
acetic acid, 1-naphthylacetamide, and 2,3-dichlorophenylacetic acid, a
strong synthetic auxin (see GaNDAR and NirscH, 1959).
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Table 2. Effect of various carbohydrates on the formation of reproductive buds under

short days

Media containing kinetin (1 mg/l) and adenine (10~* 3). All carbohydrates were

sterilized by filtration.

Compound Concentration Number of Cultures (%) with
(M) cultures ——
Vegetative Inflores-
buds cences
None 0 12 0 0
Sucrose 3x10-3 12 83 * 0
102 12 100 0
3x 1072 12 75 25
6x 102 12 67 8
9 % 102 12 17 8
12 x 102 11 0 9
Maltose 3x 102 12 100 0
6 x 10— 12 75 8
9 %102 11 36 36
Lactose 3 x 102 12 100 * 0
9 x 10-2 11 82 * 0
None 0 10 20%* 0
Sucrose 3 x 102 8 25 25
6 x 102 12 17 33
9 x 102 11 9 36
Cellobiose 3 x 102 12 83 0
6 x 102 12 58 8

* Very small buds.

Table 3. Effect of mannitol as a total or partial substitute for sucrose on the formation

of reproductive buds wnder short days

Media containing kinetin (1 mg/l) and adenine (10~ M). Mannitol sterilized by

filtration.
Compounds and individual concen- Total con- Number of Cultures (%) with
trations (M) centration cultures
(M x 107%) Vegetative Inflorescences
buds
None 0 10 20%* 0
Sucrose 3 x 1072 3 8 25 25
6x 102 6 12 17 33
9 %102 9 11 9 36
Mannitol 3 X 102 3 11 55% 0
6 x 102 6 11 18* 0
9 x 1072 9 12 0 0
Sucrose 3 X 102 -+ mannitol 6 11 18 18
3x 1072
Sucrose 3 X 1072 -+ mannitol 9 11 27 9

6 x 102

* Very small buds.
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Table 4. Effect of auxins and relaled compounds on the production of flower buds
All media contained benzyladenine (10-¢ M), adenine (10~% M) and 2% sucrose.
Cultures maintained under short days.

Compound Concentration Number of Cultures (%) with
(M) cultures
Veg.buds Reproductive buds producing
(total}
Flowers Veg. Total
inflor.
None 0 11 45 9 36 45
TAA 108 12 83 8 9 17
107 12 75 0 17 17
10-6 12 42 8 25 33
10-6% 12 83 0 17 17
10— 10 40 0 20 20
L-tryptophane 10-¢ 12 100 0 0 0
103 12 75 8 0 8
10—t 10 20 0 8 8
10-3 10 0 0 0 0
Isatin 10— 12 687 8 17 25
10-3 9 0 0 0 0
Phenylacetic acid 10-8 12 42 8 33 41
103 12 50 0 0 0
10— 10 0 0 0 0
1-Naphthylacet- 10— 12 75 0 17 17
amide 105 12 83 0 8 8
104 10 0 0 0 0
2,3-Dichlorophenyl- 10-% 12 25 0 0 0
acetic acid * 10— 10 0 0 0 0
10-¢ : 12 0 0 0 0

* Autoclaved (others filtered).

Table 5. Effect of three gibberellins on the production of flower buds
All media contained kinetin (1 mg/l), adenine (10~* M) and 2% sucrose. All
the gibberellins were sterilized by filtration. Cultures subjected to short days.

Gibberel- Concentration Number of  Cultures (%) with

lin (M) cultures
Vegetative Inflores-
buds cences
None 0 10 20 40
GA, 10~ 12 0 50
10-¢ 12 0 0
S 10-® 12 8 0
GA, 10-7 10 20 10
10-6 12 17 0
105 12 0
GA, 107 11 9 0
10-¢ 12 25 8
102 12 8 0
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Table 6. Effect of cis- and trans-abscisin I1 on the production of flower buds under
short- and long-day regimes
All media contained kinetin (1 mg/l), adenine (10~* M) and 1% sucrose. The
abscising were sterilized by filtration.

Compound Concentra- Photoperiod Number of Cultures (%) with
tration cultures
(mg/1) Vegetative Inflorescences
buds
None 0 9 h. 12 42 33
Cis-abscisin 1 9 h. 12 15 0
3 9 h. 12 17 67
10 9 h. 12 0 50
None 0 9 h. 9 33 22
Trans-abscisin * 1 9 h. 12 42 42
3 9 h. 12 0 42
10 9 h. 12 0 0
None 0 18 h. 12 17 0
Cis-abscisin 1 18 h. 12 33 0
3 18 h. 12 8 0
10 18 h. 12 8 0
None 0 18 h. 10 40 0
Trans-abscisin * 1 18 h. 12 25 0
3 18 h. 12 17 0
10 18 h. 11 0 0

* Methyl ester.

Table 7. Effect of purines on the production of flower buds
All media contained kinetin (1 mg/l) and sucrose (2%). Sterilization by filtra-
tion. Cultures grown under short days.

Compound Concentration Number of Cultures (%) with
(M) cultures
Vegetative Inflorescences
buds
None 0 12 4 0
Adenine 10-¢ i2 8 8
10-% 12 0 8
104 12 17 17
3x10* 12 58 42
Guanine 10-% 12 0 8
103 11 0 0
104 11 0 0
3x10* 12 8 0

Gibberellins. Three gibberelling, GA;, GA; and GA, were tested, each
at three different concentrations. As shown in Table 5, except for the
lowest concentration of GA,, all three gibberellins reduced the percentage
of cultures forming inflorescences.

26 Planta (Berl.), Bd. 72
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Abscisins. Abscisin II, which has been found in ageing flowers such
as the yellow lupin (vax STEVENINCE, 1959), and is produced under short
days by trees such as Acer pseudoplatanus (CORNFORTH et al., 1965), was
also tested on Plumbago internodes. Both the cis- and the trans-isomers
were used. It was found that, under short days of 9 hours, neither one

Fig. 3. Effect of adenine concentration on the coloration of the petals. Left: 1074 M ; right: 8 x 10+ M

inhibited flower bud production; in fact, they stimulated it (Table 6).
However, under long days (18 hours), both isomers were unable to
promote the formation of inflorescences.

e) Effect of Cytokinins, Nucleic Acid Constituents, and Other Nitrogenous
Compounds

In contrast to auxins, cytokining allowed the formation of floral

buds, at least at concentrations of 10-¢ M, as in the case of benzyladenine,
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Table 8. Effect of nucleic acid constituenis and orotic acid in the presence of adenine
on the production of flower buds
All media contained kinetin (1 mg/l), adenine (3 X 10-* M) and 2% sucrose.
The added substances were all sterilized by filtration. Results after 3 months
of culture under short days.

Compounds and concen- Number Cultures (%) with
trations (M) of cultures
Embryonic Vegetative Reproductive buds
buds * buds producing
Flowers Veg. Total
inflor.
None 0 11 45 0 18 27 45
Guanine 3 X 10-¢ 12 25 8 33 17 50
3 x 10 12 17 (U 42 25 67
3x 10+ 10 20 20 30 20 50
Uracil 3 x10-6 11 9 18 9 64 73
3 %108 12 8 8 25 24 50
3 x 10— 12 25 0 8 50 58
Cytosine 3 X 10— 11 18 0 36 27 63
3 x 105 11 18 0 36 36 72
3 x 104 12 25 0 25 42 67
Ribose 3% 10-° 12 17 0 8 58 66
3x10-* 10 0 10 20 60 80
None 0 12 17 0 25 33 58
Thymine 3 X 10-7 12 42 17 17 25 42
3x10-8 12 17 17 0 67 67
3x10-5 12 17 0 42 42 84
3 x 10 12 8 0 67 25 92
G+U O+
Thymine 3 x 10— 12 50 8 8 33 41
3% 10-° 12 25 0 25 42 67
3 10-8%kx 12 0 0 42 50 92
Oroftic acid 3 X 10-% 12 42 8 17 17 34
3x 10 12 42 0 33 25 58
3x 103 11 36 9 27 18 45
Ribose 3X1044+ 12 42 17 17 25 42

orotic acid 3 x 10—4

* Buds smaller than 2—3 mm from which it is not possible to tell whether
they are vegetative or reproductive.
** 3 x 1075 M each.
*#% Plus ribose (3 X 1075 M).

6-benzyl-9-tetrahydropyrane-adenine (SD-8339) and zeatin. In most of
the reported experiments, kinetin at 1 mg/l was used, with good results
with respect to the formation of flower buds.

Nucleic Acid Constituents. Constituents of nucleic acids, such as
purines, pyrimidines and ribose, were added at various concentrations

26%
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Table 8. Effect of amino-acids, amides and wrea on the production of flower buds

All media contained kinetin (1 mg/l), adenine (10-* M) and 1.5% sucrose. All
the nitrogenous compounds were sterilized by filtration. Cultures subjected to
short days.

Compound Concentration Number of Cultures (%) with
(M) cultures
Embryonic Vegetative Inflores-
buds* buds cences
None 0 12 25 8 42
L-alanine 3 x 10 12 17 25 0
108 12 17 8 17
3 x10-3 12 8 8 8
L-arginine 3 x 10+ 12 8 8 8
102 12 42 25 8
3% 10-3 11 45 9 9
L-serine 10-3 11 36 9 9
3x 10-38 12 8 0 0
Urea 3 x 10 12 0 17 58
108 12 8 17 50
3x10-2 12 0 25 33
None 0 12 8 0 42
L-aspartic acid 3x10+4 11 27 0 36
108 12 8 8 8
3 x10-3 11 9 0 9
L-glutamic acid 3 x 104 9 44 0 22
10-3 10 30 0 10
3 x 103 12 33 0 0
L-asparagine 3 X 10— 11 45 18 9
10-3 11 36 9 27
3 x10-3 12 8 0 0
L-glutamine 10-3 11 18 9 18
3x10-3 11 45 9 0

* Buds which did not develop over a size of 1—2 mm.

to the basal medium in the presence of kinetin (1 mg/l) and 2% sucrose.
As described in the previous article (NITScH and NiTscH, 1967), forma-
tion of buds in general was greatly enhanced by adenine. The production
of flowers was promoted in approximately the same proportion (Table 7).

At the highest concentration tested (3% 10~ M), adenine increased
the intensity of the color of the petals, resulting in the formation of
deep red flowers as they are found in this Plumbago variety in nature.
Otherwise, the color of flowers produced in test tubes was usually pink
(Fig. 3).

Guanine was completely ineffective when used alone (Table 7), and
so were uracil and cytosine at 107 to 10-* M, thymine (1077 to 10-% M)
and ribose (10-% to 103 M).
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When the same compounds were tested in the presence of 3 x10—* M
of adenine, they enhanced slightly the adenine effect (Table 8). Thymine
was especially effective in this respect, notably more than its precursor,
orotic acid.

Effect of Certain Amino Acids, Amides and Urea. In addition to the
nitrate ions present in the K medium, various nitrogenous compounds
were incorporated in the culture media. At 3x107% M and above,
however, all the amino acids and the two amides tested reduced the
percentage of cultures forming inflorescences {Table 9). Urea, in con-
trast, had a promotive, although slight effect.

Discussion

The Induction of Flowering in Vitro. Flowering can be induced in
vitro in excised internode sections of Plumbago indica devoid of any
preformed bud (Nirscr and Nitscu, 1965). Since the cultured sections
did not bear any leaves either, it seems that the photoperiodic effect
can be exercised directly on the stem segments. Presumably, these
contain enough phytochrome to be sensitive to daylength. These results
are in accordance with those of BArpEv (1962) who showed that stem
tips of another short-day plant, Cuscuia reflexa, could be induced in
vitro by the proper photoperiod to produce flower buds. In the case of
this parasitic plant, however, buds were initially present, and BALDEV
surmised that they were the photoreceptors. The presence of roots is
not required for floral induction, since most Plumbago cultures, even
though they produced vegetative shoots or inflorescences, never developed
roots.

The Role of Carbohydrates. The nature and, especially, the concentra-
tion of carbohydrates in the medium has a determining influence on the
formation of vegetative versus reproductive buds under short days. An
effect of these factors has been found also in the case of “floral expres-
sion” in segments excised from flowering stalks of tobacco (AgHTON-
PraT, 1965) or of Cichorium intybus (NiTscH, 1966a, b).

The experiments in which part of the sucrose concentration had been
replaced with mannitol (Table 3) indicate that the concentration effect
is probably not osmotic in nature. Rather it seems to be a true metabolic
one. NrrscH (1965a, 1966a) has advanced the hypothesis that flower
formation may be associated with an enhanced activity of the pentose
pathway. An excess of soluble sugars may increase the metabolic flow
through this pathway.

Relatively high sucrose concentrations (8-——10%) stimulate flower
formation in intact seedlings of Nicotiana rustica (STEINBERG, 1950) and
Pharbitis nil (TakiMoro, 1960; Kimvura, 1963) cultured in wvitro. It is
even possible to promote flower formation in some short-day plants by
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removing the leaves and feeding the plants sugar, as shown by Loxa
with Chenopodium amaranticolor (1948) and Perilla (1950). All these
results agree with the ideas of KreBs (1913) that a relatively high level
of carbohydrates is necessary for flowering. They also are in accordance
with the results of LiverMaN and Bonyer (1953) who demonstrated
that the “high-intensity-light reaction’” necessary for floral induction in
Xanthiwm can be partly replaced by supplying sucrose to the leaves.

1f the C/N ratio is important for flowering, an increase in the level of
nitrogen should reduce the production of flower buds. Preliminary
experiments in which the level of inorganic nitrogen has been varied
have not yielded conclusive results. The data obtained with individual
amino acids and amides (Table 9) have shown a general reduction of
the formation of inflorescences, but the percentage of cultures forming
vegetative buds was reduced also. One exception stands out, however,
that of urea, a compound rich in nitrogen which actually increased
flowering (Table 9).

Effect of Purines and Pyrimidines. Adenine, which has been found
to be essential for bud formation in Plumbago (NirscH and NiTscH,
1966), supported also the development of flower buds. It seemed also
to enhance anthocyanin formation in the flowers, since petals were of
a more intense color when the media contained 3 10-* M adenine than
when the adenine level was lower (Fig. 3). This result is reminiscent of
that of TRMANN and RADNER (1962) who showed in Spirodela oligorrhiza
that purines and pyrimidines were involved in anthocyanin formation.
These authors also observed that kinetin decreased anthocyanin forma-
tion. It is possible, therefore, that Plumbago flowers grown in vitro were
usually pink instead of red, as those of the clone “Angkor” are in nature,
because kinetin was routinely added to the medium. A relatively high
concentration of adenine was necessary to restore the full color of the
petals.

A Dbeneficial effect of purines and pyrimidines on flower induction
has been reported by CHAILARKHYAN ¢f al. {1961} in the case of Perille
apices cultured 4n vitro. These authors were able to obtain flower buds
even under long days when the cultures were supplied with adenine,
adenosine or kinetin, With guanosine and cytosine also some floral buds
were formed, but they did not develop into flowers. Although we never
obtained any inflorescence under long days, the results reported for excised
Perilla apices agree with ours in showing that a suitable level of adenine
and kinetin is beneficial to flower formation.

Effect of Auxins and Gibberellins. Auxins and gibberellins have been
found to reduce, or totally inhibit, the production of inflorescences in
Plumbago (Tables 4 and 5). This effect is not surprising since auxins are
notorious for inhibiting flower induction in short-day plants (see N17TscR,
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1965a). The only apparent exception, that of the pineapple (Ananas
comosus), has disappeared since Burg and Burg (1966) have demon-
strated that the effect of applied auxin in this case was to trigger off
the production of ethylene, which acts as the actual flower-inducing
agent. Auxins have also been found to inhibit the induction of flowering
in vitro of a long-day species, Cichorium intybus (PAULET and NITSCH,
1964). In the case of isolated Perilla apices, auxins and gibberellic acid
were reported to be likewise inhibitory to the induction of flowering
(CHAILAKHYAN ef al., 1961; RagEAvVAN, 1961). TAA even suppressed the
expression of the floral state in cultures derived from tobacco inflores-
cences (AcHION-PRAT, 1965).

Conclusion. The results obtained with excised, internodal segments
of Plumbago fit with what is generally known about the factors which
influence the flowering process, such as an adequate level of sugars, the
presence of nucleic acid constituents, or the inhibitory effect of auxing
and gibberellins. This system can thus be used as a tool to investigate
further the biochemistry of the flowering process.

We are indebted to Dr. D. S. Lerram, D.S.LLR., Auckland, New Zealand, for
a sample of synthetic zeatin, Dr. J. Vax OversEEx, Shell Development Co.,
Modesto, Calif. for a sample of SD 8339, the Abbott Laboratories, North Chicago,
U.S.A. for gibberellin A, Dr. J. Macmirax, I.C.I., Welwyn, Great Britain, for
gibberellin A, and Dr. M. Mousserox, Univ. of Montpellier, France, for samples
of abscisin II (isomers ¢is and trans).
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