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STELLINGEN

Propositions

I

The postulation of LANG that the inhibitory effects of non-inductive day-
lengths are not transmissible and interfere with the production rather than with
the action of florigen, is not justified.

AnTON LaNG. Proc. 22nd Biol. Collog. Oregon State

Univ. Oregon, 1961: 68-69.
11

It is untenable that flower inhibiting substance(s) produced under the influen-
ce of unfavourable daylengths have physiological properties of auxins and/or

gibberellins.
D. von DeNFEER. Naturw. 37, 1950: 296-301, 317-321.
W. W, ScHwast. J. Expt. Bot. 10, 1959; 117-329.
I
It is not necessary to accept the formation of a specific flower hormone after
vernalization.
v

WassINK and STOLWUK’s statement to include the kind of light given during
the main light period, while defining “critical day-length”, is of limited value.

E.C. Wassink and J. A. J. STOLWLK.
Ann. Rev. Plant Physiol. 7, 1956: 375-376.

v

The opinion of ADKissoN that an endogenous rhythm is involved in the
phaotoperiodic induction of diapause in the pink bollworm, Pectinophora gossy-
piella Saunders, cannot yet be considered as fully justified.

P. L. ApkissoN. Progress Report 2274, Texas Agr. Expt.
Sta. 1963,

Vi

The emphasis on birth control through deliberate family planning schemes in
most developing countries is not per s¢ a panacea for economic ills.

Vil

The establishment of an International “Pool of Horticulturists” as part of
the International Society of Horticultural Science would be advisable, especially
for the benefit of less developed horticultural regions.

S. C. BHARGAVA
Wageningen, oktober 1564



Vil

The observation made by PiEL that “in deployment of her limited physical
resources and precious human resources India should take care to distinguish
technology from science” is most valid and should be weighed carefully by
Indian planners and bursars.

G. PieL. Nature 202, 1964: 1154-1155.

IX

The structure of the ,,Studenten verenigingen” in Wageningen needs remo-
delling to fit the needs of a present day society.
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CHAPTER |

GENERAL

1.1. INTRODUCTION

The fascinating appearance of flowers on a plant is of basic biological signi-
ficance, not only because flowers are the last stage in the ontogeny, but also
because they are organs of sexual reproduction and therefore responsible for
maintaining the species. Moreover, the processes leading to the onset of repro-
ductive development provide us with tools for an understanding of differentia-
tion. The phenomenon of flower formation is characterised by the fact that
sometime during development the apical meristem produces, instead of more
leaf primordia, floral primordia. The initiation of flower primordia is gene-
rally visualised as an interaction between the genetic constitution and the envi-
ronmental factors as experienced by the plant during its life cycle. Two environ-
mental factors which control the growth and developmental processes in plantsin
a specific manner are temperature and daylength.

The onset of flowering is not only of theoretical importance, but its control
is desirable in many cultivated plants. In horticultural practice some plants are
grown in which vegetative parts are used, such as many edible leaf, stem and
toot vegetables, showy leaf ornamentals etc. This involves suppression of
flowering. On the other hand, plants which are grown for their flowers (orna-
mentals), their fruits (fruit crops and fruit vegetables) or for their seeds (legume
or pulse erops) require promotion of flowering. Therefore, both the negative and
positive control of flowering have become an integral part of the horticultural
industry. It is thus essential that more insight into the fundamental knowledge
should be made available for better understanding of the flowering processes.

1.2, REVIEW OF LITERATURE

Specific, well documented examples of the control of flowering as affected by
environmental factors have appeared in many excellent reviews (2, 8, 10, 20, 25,
35, 36, 43, 56, 62, 64, 76, 81, 89, 109, 115 and 116).

Collections of papers presented at Symposia on photoperiodism are now
available (21, 29, 79 and 111). Several books (45, 90 and 103), devoted entirely
to flowering, have recently been published. A comprehensive survey of flowering
and allied topics has been published by a number of investigators in ‘Encyclo-
pedia of Plant Physiology’ (87). In view of the extensive reports available, only
a brief outline is presented to account for both the classical and current concepts
as pertaining to the present avenue of investigations.

The classical concept which led to the formulation of systematic studies in the
field of physiology of fiowering dates back to the late 19th century. SacHS (88,
1865) after working with Tropaeoium plants and Begonia leaves was the first to
have produced experimental evidence that leaves in light generate definite
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flower forming substances in minute quantities, which direct the assimilates to
the formation of flowers.

VOCHTING (104, 1892) demonstrated in histransplantation experimentsin which
ready to flower stems of Beta vulgaris were grafted on unready to flowering roots,
that flowering of the former was inhibited. These results led to the conclusion
of flower inhibiting substances coming from unready to flower beet.

Thus both these investigators were among the first people to recognise the
potentialities of flower forming and flower inhibiting substances.

Currently, the phenomenon by which plants respond to daylength and by
which they measure time, thereby controlling growth and -development, is ter-
med photoperiodism. This adhoc discovery is of recent origin. The recognition of
its significance is due to the vision of two American scientists, GARNER and
ALLARD (30, 1920). Accordingly, plants sensitive to daylengths have been clas-
sified as short-day, long-day and day neutral plants,

The first question faced by the earliest student of floral physiology was to
elucidate, which plant organ perceives daylength. The problem of site-of-light
perception was solved by Knorr (53, 1934) while working with spinach, a
long-day plant. He produced evidence that the foliage responds to a photo-
period favourable to reproductive growth by the production of some substance
which is transported to the growing point, This finding was extended with other
plants: CHATLAKHYAN (15, 1936) and Mosukov (77, 1936) for Chrysanthemum,
Psarev (83, 1936) for soybean, and LyoBMENKO and BusLova (63, 1937) for
Perilla. MosHKOV (77. 1936) suggested that the youngest, fully expanded leaves
are most sensitive, whereas Kuupairi and HAMNER (52, 1954) demonstrated in
Xanthium that half-expanded leaves are most sensitive to photoperiodic induc-
tion. ZeevaarT (114, 1958} concluded that in Perifla fully expanded leaves are
sensitive to short-day treatment. Quantitative differences in sensitivity were
expressed in terms of leaf position rather than in the differences in the physiolo-
gical age,

Thus it is clear that the flower forming effect of inductive daylength generates
a flower hormone which has its origin in the Ieaf and its action at the apex.
However, what is not clear is the flower-inhibiting effect of a non-inductive day-
length or a non-induced leaf. The question is put whether this inhibitory effect is
due to the production of a specific flower inhibitor or to lack and dilution of
a floral hormone. :

Accordingly, the interpretations of the hormonal concept of flower control
may be divided into three groups, which refer to the concepts of Sacus and
VOCHTING - as cited above — and to a combination of them respectively.

(1) Flower hormone hypothesis. At one extreme are those, who advocate that
flowering is an over-all inductive process (6, 7, 9, 15, 17, 36, 56, 57, 65, 78, 114).
Thus exposure of plants to inductive cycles results in the fomation of an induced
state. This is followed by the ability to produce flower stimulus. The former is
localised while the latter state is transmissible. This was very clearly distinguis-
hed in Perilla by elegant grafting experiments, ZFEVAART (114, 1958), Other
evidence indicative of the existence of such a hypothetical stimulus emerges from
4 Meded. Landbouwhogeschoal Wageningen 64-12 (1964)



grafting an induced donor to a non-induced receptor. Flowering takes place in
the receptor, provided it is defoliated. Clearly a transmissible flowering stimu-
lus is involved, which is hormonal in nature, as demonstrated by CHAILAKHYAN
(16, 1936). KuypER and WIERSUM (55, 1936), MosHKOV (55, 1937), LANG (56,
1952), LoNa (68, 1949), Carr (13, 1953).

The hypothetical flower hormone governing the developmental processes
has been baptised as florigen by CHAILAKHYAN (15, 1936). Since then many new
names have been suggested, anthesin by CHOLODNY (20, 1939), anthocaline by
VAN DE SANDE BAKHUYZEN (1, 1947). Very recently CHAILAKHYAN (17, 1958)
suggests that florigen consists of two substances, anthesin and gibberellin but’
this is disputed by ZEEVAART (113, 1963). However, the transmissible stimulus
has an identical natur¢ in many plants, LANG (56, 1952) and ZEEVAART (114,
1958), as has been shown by reciprocal graftmg, i.e. a long-day donor on a
short-day receptor and vice-versa.

Other information about the characteristics of this stimulus stems from the
following experiments. If a single leaf was induced and the rest of the plant
kept under non-inductive conditions, flowering took place, HAMNER and Bon-
NER (37, 1938), HAMNER and NAYLOR (38, 1939). If single leaves were induced and
periodically cui-off, a gradual movement of the stimulus could be observed,
e.g. in Xanthium, LOCKHART and HAMNER (65, 1954) and Pharbitis, ZEEVAART
(115, 1963). The crude extraction of flower inducing substances has been re-
ported in Xanéhium, LINCOLN et al (59, 1961 ; 60, 1962). This active material can
also be obtained from day neutral sunflower, MAYFIELD ef af (71, 1962), sugges-
ting similarity of these substances in different plants. However, universal action
has not yet been found.

Judging from numerous evidences LANG (56, 1952) has pointed out that
the existence of florigen is now generally accepted and that this would control
floral initiation in a direct and positive manner.

(2) Flower-inhibition hypothesis. At the other extreme are those interpretations’
which support the contention that flowering is due to the removal of an inhibi-
tion. LoNA (67, 1949; 69, 1959) suggested that exposure of leaves to a non-
inductive condition results in the production of flower-inhibiting or anti-
anthogenic substances. Removal of leaves in an adverse condition would
result in flowering, whereas normal nutritive substances would cause flowering
in inductive daylengths. These results have been extended in other short-day
plants, Chenopodiun, LONA (66, 1948), strawberry, THOMPSON and GUTIRIDGE
{101, 1960) and in the long-day plant Hyoscyamus niger, MELCHERS (75, 1952).

GREGORY (32, 1948, p. 76) mentioned the problem in a more precise manner,
stating: “We must suppose that necessary genes are already present in the
fertilized ovum and therefore if external factors are such that no flowers are
formed, there must be inhibiting factors at work, in a word the problem may
quite well be considered as one of ‘failure to flower’ as of promoting flowering.’

This concept was further elaborated by voN DENFFER (24, 1950), who believes
that plants have a natural tendency to flowering, but when they do not do so,
some inhibiting factors prevent their actual flowering. This concept categori-
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cally implies that the action of flower promoting factors would consist of nega-
ting the flower inhibiting factors. It was suggested that these factors were auxins.

Other investigators have emphasized thie importance of inhibitory procésses
governing floral initiation in studies involving alternation of inductive and non-
inductive cycle(s). Prominent among the demonstration of an inhibitory effect
ol long-day in short-day plants is the work of SCHwWABE (91, 1956; 92, 1957;
93, 1959) with Kalancho# blossfeldiana, Perilla nankinensis, Chenopodium
amaranticolor, and Biloxi soybean, who suggests it interferes with the promotive
effect of inductive cycles and thus blocks or limits their effect. This inhibition
is due to the production of inhibitory substance(s). WELLENSIEK (106, 1958;
107, 1959) further demonstrated with Perilla crispa that light inhibits only the
origin of the induced state and not the production of a fiowering stimulus. Since
the ‘nduced state’ in the leaves is not transportable, we would not expect the
light inhibition to be either. In other words, the production of the inhibitor is
strictly localized in the leaves and hence does not possess a hormonal nature. -
Inhibitory action of light has also been shown in many other plants, Biloxi
soybean by LoNG (70, 1939), WAREING (105, 1954), Carr (14, 1955) and SiroHI
and HAMNER (93, 1962); Chrysanthemum morifolium by Post (82, 1950); Begonia
evansiang ANDR by ESAsHI (26, 1961); Xanthium and Chenopodium by THOMAS
(99, 1962).

However, some studies have shown that the effects of non-inductive day-
lengths are transmissible and not simply localized. After preliminary remarks by
ResENDE (85, 1949; 86, 1955) and by NAUNDORF (80, 1954), this was clearly
shown by GUTTRIDGE (33, 1959; 34, 1959). He has obtained evidence that the
non-inductive condition 1.e. long-day in the quantitative short-day plant straw-
betry, produces substances which are growth promoting and flower inhibiting.
These substances, which are transmissible, have been demonstrated when donor
plants either received long-days or a light-break in the middle of a long night,
whereas in the receptor, itself in short days, flowering was inhibited consider-
ably. The present author, in a preliminary communication (4, 1963}, presented
evidence that a transmissible flower bud inhibitor is involved in Salvia occiden-
talis. This inhibitor is generated in continuous light prior to the induced state.
The action is due not so much to the position of the inhibited leaves as to the
moment at which inhibitory light is administered. This inhibitor has its origin
in the leaves and its action at the apex. The present paper presents the details of
this work.

(3) Balance between hormone and inhibitor hypothesis. Some where between
the two are those who assume that flowering involves two processes:’

(a) the removal of an inhibitor formed in non-inductive daylengths and
(b) the production of a flower stimulus in inductive daylengths.

This concept as a basis for explaining the mechanism of flower formation,
has been widely accepted by many investigators. Valuable information has
emerged from the work of ScHwase (91, 1956), LINCOLN ef al (58, 1936),

WELLENSIEK (106, 1958), D LINT (61, 1960), Best (3, 1960), IMAMURA (48, 1961)
and RAGHAVAN and Jacoss (84, 1961). -
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Evans (27, 1960; 28, 1962) experimenting with the long-day plant Lolium and
the short-day plant Rotrboellia has recently concluded that inductive and non-
inductive leaves generate specific, transmissible, flower-inducing and flower-
inhibiting substances respectively. This inhibitor acts at the apex and hence does
not interfere with the formation of the flower-inducing principle, but with its
functioning. Flowering in short-day plants takes place as a result of the most
favourable balance between these two substances, changing as induction pro-
ceeds. '

1.3. SCOPE OF THE INVESTIGATIONS

-The present investigations were undertaken to study the nature of light inhi-
bition and its role in the flowering processes of the short-day plant Salvig
occidentalis. This study can be divided into the following two sections:

(1) Describes in general the photoperiodical behaviour of the test plant.

(2) Deals with the characteristics of light inhibition. This was approached by
using two methods. Firstly with normal green intact plants endeavour has
been made to include a variety of problems, such as: the role of inductive cycles
prior to the induced state being reached; the stages in ihe flowering processes
which are sensitive to light-inhibition; its critical length; the manner by which
the long days exert their cumulative effect; whether long days act on the prece-
ding and/or succeeding effects of short days; the similarity of light and night-
break inhibition, Secondly, with partiaily defoliated plants, the following pro-
blems were studied: the site of inhibition perception, leaf andjor apex; the
transmissible nature of a light induced inhibitor; whether or not inhibitor inter-
feres with stimulus formation and its translocation; probable mechanism by
which the inhibitor operates.
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CHAPTER 2

~“MATERTAL AND METHODS

2.1, PLANT MATERIAL AND RAISING CONDITIONS

Salvia occidentalis is a member of the family Labiatae. It is a sub-tropical
weed and supposed to originate in the West-Indies. Certain discrepancies
relating to the taxonomy of this species are mentioned in the literature. KRAMER
(54, 1923) reported that Salvia occidentalis SWARTZ has two forms which differ
in their growth habits: (a) an upright form and (b} a creeping form. After close
taxonomical examination VAN STEENIS (27, 1936) suggested that these two
forms be raised to the rank of separate species and be called Salvia privoides
BTH and Salvia obscura BTH respectively. That these two forms have constant
morphological differences is further suggested by HILLE Ris LAMBERS (see VAN
STEENIS, 97, 1936, p. 1637). HiLLE R1s LAMBERS (personal communication) is of
the opinion that the test plant used in the present investigations is not Salvia
occidentalis SW. but Salvia privoides BTH. His conclusions are based on the
differences in leaf, flower size and flower colour etc. This warrants further
taxonomical investigations to establish the identity of the material in question.
However, we shall continue using Salvig occidentalis on grounds of its original
usage in photoperiodical rescarch by MEUER (72, 1957) and WELLENSIER (108,
1960). . '

Salvig occidentalis is an obligate short-day plant, MEUER (72, 1957). If raised
in short-days of 8 hours of light and 16 hours of darkness, flower buds are
initiated, whereas in long-days of 16 hours of strong white light and 8 hours of
-darkness, the plants will remain vegetative indefinitely.

The plant material was usually raised from cuttings, originally derived from
clonal stock kindly supplied by Dr. G. MEeuer of Philips Research Laborato-
ries, Eindhoven, The Netherlands. Repeated stem cuttings from a single original
plant were used to obtain homogeneous material.

Stem cuttings with 3-4 leaf pairs and about 4-6 cm long were detached from
the top of the vegetative mother plants and transplanted in sand for about
7-10 days for rooting in specially constructed benches with provision for soil
heating (temp. 20°-23 °C). The cuitings were raised in long days. Rooted cuttings
were grown individually in 9 cm clay pots with fertile soil and sunk in peat
benches. They were maintained in long days until the actual start of the expe-
riment, 6-7 weeks after the cuttings.

Plants used in the ‘age’ experiments were derived from seeds obtained by
sowing at weekly intervals.

All plants were raised throughout their life cycle in a glasshouse, heated dur-
ing winter. Plants were maintained between 18°-25°C, but during occasional
summer days temperatures might rise incidentally to 30°-35°C.

"The installation for short day consisted of a wooden bench in the glasshouse
which was covered each day with heavy dark canvas cloth from 4.30 p.m. until
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8.30 a.m., so that the short days consisted of 8 hours of natural daylight follo-
ed by 16 hours of darkness. Long days were made up of 16 hours light i.e.
natural daylight, supplemented with low intensity light from incandescent lamps
(Philips 40 W) depending on the time of the year, and followed by 8 hours of
darkness.

2.2. THE AUTOMATIC EQUIPMENT FOR LIGHT REGULATION

The automatic device for controlling the Iengths of light and dark periods in
cycles of 24 hours was designed by J. vAN DE PEPPEL of our technical section for
critical daylength experiments carried out by WELLENSIEE, (unpublished). Tech-
nical details were published in Dutch in stencilled report No. 64 (1961) of this
laboratory. Only the salient features will be described here.

The installation can be broadly divided into four parts: the wooden construc-
tion, air ventilation, the electrical installation and the automatic regulator.

-The entire wooden construction consists of 7 separated lightproof cabinets,
Each cabinet is about 1 meter long, 1.25 meter broad and 60 ¢m deep. Total
length of the constructionis 9 meters. The height of the structure from the floor
to the top is 3 meters, out of which about 1.20 meter is reserved for raising
and exposing the plants. Each cabinet has two doors allowing plants to be putin
and taken out. The entire construction is kept in a glasshouse. Temperatures in
the cabinets were similar to that of the glasshouse ie. 18°-25°C. Bach cabinet is
provided with an efficient ventilation system, and has been installed with 4
Philips fluorescent tubes TL 40 W/29 and except in the control cabinets 5 incan-
descent lamps of 15 W. The lamps are fixed horizontally at the roof of the cabi-
net. The total light intensity is 2700 uW/cm?.

Both phases of illumination are automatically regulated, so that any desired
illumination pattern can be maintained and their effect studied without dis-
turbing the plants.

In the present series of experiments the treatment consisted of:

(a) a constant illumination with TL tubes during 8 or 12 hours;
{b) a subsequent illumination with incandescent lamps which varied in time;
(c) a corresponding dark period which completed the 24 hours cycle.

Experiments with different intensities of white light were performed in the
equipment devised and designed by be ZEEUw (113, 1954, p. 6-7). At one end of
the installation (from which natural daylight was omitted) 9 fluorescent tubes,
Philips TL 40 W/29, were fixed vertically and were burning continuously ata
temperature of about 20°C. Decreasing light intensities were obtained by pla-
cing the plants at increasing distances from the light source.

Light intensities were measured by an ordinary light meter and the unit is
expressed as uW/em?,

2.3. ARBREVIATIONS AND SYMBOLS

Symbols of restricted use are mentioned in the text where they occur. Fre-
queatly used abbreviations are: ‘
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CL - continuous light
D - total darkness
LD - long day(s)

LDP - long-day plani(s)
SD - short-day(s)

SDP - short-day plant(s)

Some frequently used terms are:

Photoperiodic induction: the process that causes the switch from the vegetative
to the generative state, without any visible symptom.

Inhibition: the state of a plant or plant parts in which the processes leading to
the initiation of flower primordia are retarded - partml inhibition - or blocked -
complete inhibition.

Inhibitor(s): Unknown substance(s) of transmissible nature which retard(s)
or inhibit(s) the formation of flower primordia.

2.4. GENERAL QUTLINE OF THE LIGHT INHIBITION EXPERIMENTS

In studies with light inhibition two types of interruption techniques were
employed: (2) with intact plants, (b) with partially defoliated plants.

In the course of the study with intact plants the design of most of the experi-
ments conformed to a similar basic pattern, while others were a mere extension
of this design.

The plants were grown under non-inductive conditions before the start of the
treatment. They were then exposed to inductive SD-cycles. Afier varying num-
bers of SD-cycles varying numbers and durations were given of non-inductive
LD or CL cycles with high intensity light, 3500 pW/cm?. After this treatment
the plants were maintained in continuous SD for the observation of the appear-
ance of macroscopically visible flower buds.

In certain experiments, one inductive SD cycle was alternated either with one
1.D cycle of various light: dark ratios or with CL of different intensities. In this
manner two types of cycles with different modes of action were alternated. This
treatment was continued until the plants had received a number of SD cycles
which would have been sufficient for flower induction when given continuously
The after-treatment consisted of ordinary SD.

The method used in obtaining partially defoliated single-branched plants has
been described already in a preliminary communication (4, 1963).

Details of methods will be described in the respective experiments.

2.5. RECORDING OF OBSERVATIONS

The main object has been to assess quantitatively to what extent the non-
inductive cycle(s) have a pronounced effect on the initiation of flowering. Since
the test plant used is less suitable to furnish flower counts, the estimate was
based on the following two observations.

(a) Counting the mean number of days (average of 5 plants) from the start of
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the treatment till the appearance of macroscopically visible flower buds. The
degree of inhibition is measured by the difference in number of days required
for flower bud formation in the SD control and the treated groups.

(b) In certain experiments the method adopted by MEDER (73, 1959) was applied
with a slight modification, The youngest developed leaf was marked at the be- -
ginning of the experiment and the newly formed leaf pairs were counted at the
appearance of the flower buds. The plants were considered to have been inhi-
bited when the number of leaf pairs of the treated plant was larger than that of
the controls in SD at the time of flower bud formation.
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CHAPTER 3

PHOTOPERIODICAL BEHAVIOUR

3.1. INTRODUCTION

Prior to any investigations on the nature of photoperiodic induction and
inhibition of flowering processes, it is desirable to know in some detail the
photoperiodical reaction of the plant in question. MEDER (72; 1957) was the
first to describe daylength experiments with Salvia occidentalis. HIGAZY (44,
1962) concluded that a juvenile phase (i.. the period when the plant is insensitive
or less sensitive to the relative duration of light and darkness from the start of
the seed germination) for flowering exists and that this phase lasts about 3 weeks.
Furthermore, he suggested that a preceding CL treatment delays the subsequent

induction in SD. These and other problems have been tested in the following
series of experiments,

3.2. TYPES OF RESPONSE TO THE PHOTOPERIOD

3.2.1. The effect of short length of day

Experiment 1. - The object of this experiment was to establish the optimal
photoperiod which would bring this plant into flower. Plants were exposed to
photoperiods of 1, 2, 3, 4, 5, 6 or 8 hrs per day. The TL 29/40W fluorescent
lamps (Philips) have been the light source for white light at an intensity of
2700 . W/cm?, The treatment lasted 60 days. The time of flower bud formation in
response to different photoperiods is shown in figure 1.
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s e o FIG. L Experiment 1. - Effect of short photoperiods on flower
PHOTOFERIGDS IR HOURS bud formation.

Plants in 1 hr photoperiod remained vegetative for 20-21 days and then died.
Flower bud initiation took a long time in 2 or 3 hrs photoperiod, while photo-
periods of 4 hrs and longer initiated flower buds simultaneously i.c. after 23 days.
The numbers of newly formed leaf pairs from the start of the experiment until
bud formation in 2-8 hrs photoperiod were 3,4, 5,4, 4 and 4 respeciively. Data
on the opening of the first flower indicated that no flowers were formed in 2 or 3

hrs, whereas they appeared in 4, 5, 6, or 8 hrs photoperiod after 59, 53,52 and
49 days respectively. :
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It is concluded that 4-8 hrs photoperiods are optunal whereas 2 and 3 hrs
are sub-optimal for flower bud initiation.

Experiment 2. - In the preceding experiment it was ’demonstrated that a sub-
optimal region lies in the range 2-4 hrs of light per day. The purpose of the pre-
sent experiment was to determine whether the delay in the sub-optimal region
was due to non-specific or to photoperxodlc effects. The experiment was set

up in three parts:

(a} Control plants received 35 days of 1, 2, 3, 4, 5, 6 or 8 hrs photoperiods.

(b) Increasing daylength - The first treatment consisted of 5 d. 1 hr light, the
second treatment of 5 d. 1 hr light followed by 5 d. 2 hrs light, and so on

until the last treatment involved consecutively 5d. of 1, 2, 3, 4, 5, 6 and 8 hrs

light. After these tteatments, hence after 5, 10, - 35 days the plants were

transferred to LD.

{c) Decreasing daylengths - the procedure was snmlar to (b) but opposite.
Results are shown in table 1.

TABLE 1. Experiment 2. Effect of changing daylengths on flower bud formation: from sub-
optimal to optimal region and vice versa in very short photoperiods. Units of 5 plauts

per treatment.
Mean number of days
Group Treatment to flower bud formation
Consecutive daylengths,
each during § days
followed by LD
1 1 o
2 1-2 o
T3 i-2-3 o
4 1-2-3-4 29
5 1-2-3-4-5 28
6 1-2-3-4-5-6 29.
7 1-2-3-4-5-6-8 29
8 8 oo
9 8-6 oo
10 8—6-35 28
11 §-6-5-4 25
12 8-6- 5-4-3 25
13 §-6-5-4-3-2 25
§-6-5-4-3-2-1 25

The controls point to the same tendency as is found in the previous experi-
ment and therefore have not been mentioned in the table. The results of in-
creasing daylengths indicate that the first 15 days as such are ineffective, but by
adding 5 more days of 4 hrs light, flower buds were initiated in 29 days. There-
after, the days necessary to bud formation remained practically constant. In
decreasing daylengths it is seen that the first 10 days (5 days of 8 hrs - 5 days
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of 6 hrs) though inductive in themselves, are not completely effective, as the
plants remained vegetative after this treatment. However, after the addition of
5 more days of 4 hrs, buds were visible after 28 days. Further addition of de-
creasing daylength cycles resulted in earlier appearance of the buds.

It is suggested that sub-optimal daylengths have both non-specific as well as
photoperiodic effects. In this region processes leading to induction are built up,
but rather slowly. Moreover, sub-optimal daylengths could act as optimal when
preceeded by a certain number of optimal cycles,

3.2.2. The effect of long length of day

Experiment 3. - The purpose of the present experiment was to separate day-
length effects roughly. into favourable or inductive and unfavourable or non-
inductive for flowering. Plants were exposed to photoperiods of 8, 10, 12, 13,
14, 15 or 16 hrs per day. The light source consisted of 8 hrs TL supplemented
with incandescent lamps to complete the various daylengths. The time of flower
bud formation in response to these photoperiods is shown in figure 2.

, FiG. 2. Experiment 3. — Effect of long photoperiods on flower
12 I3 IA [5] |6 .
?Homr:mops 1N HOURS ) bud formation.

8

BUD FORMATION
8

3

NUMBER OF DAYS TC FLOWER

In photoperiods of 8, 10 or 12 hrs flower buds were initiated simultancousiy

_in 22 days. In 13 hrs-the ‘appearance of the bud was considerably delayed and

took 34 days. Plants remained completely vegetative in 14 hrs and longer day-
lengths for the duration of the experiment.

On the basis of the data obtained the effects of daylength can be separated into
inductive (8, 10, 12-or 13 hrs) and non-inductive (14, 15 or 16 hrs). Stated
otherwise, the former daylengths will promote and the latter will prevent flower
bud formation when given continuously.

3.2.3. Determination of critical daylength.

Experiment 4, - In order to define the responses of the precedmg experiment
more sharply, an attetnpt has been made to determine the critical daylength in
strong white light. The plants were illuminated daily in two phases: (a) phase
involved 12 hrs of TL 29 given to all groups to facilitate assimilation ; (b) involved
additional supplementation with incandescent lamps at haif hour intervals to
achieve and separate photoperiodic effects. The procedure and the results are
represented in table 2

1t is evident that photoperlods of 12 or 12} hrs are fully inductive and initiate
buds at the terminal apex. However, in 13 hrs only the lateral buds were ini-
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TABLE 2. Experiment 4. Determination of critical day-length. TL = fluorescent light; IL =
incandescent lamps, Units of 5 plants per treatment, Duration of the treatment 74

days.
Photoperiods in hours Newly formed leaf-
High-intensity ~ Supplementary . Total Néean nu;nber of fomiitnb:rdat
light TL low-intensity photoperiod ays to ower A £
light TL bud formation termmqtlon 0]
experiment

12 0 12 21 [

12 3 123 21 6

12 1 13 35+ 8

12 13 13} ooFE =10

12 2 14 o =>10

12 2% 14% [aS] >10

12 3 15 [a¥] =10

* pnly lateral buds were generative.
** one plant had generative lateral buds after 65 days.

tiated, the terminal apex remaining vegetative. In photoperiods longer than
13} hrs the plants remain indefinitely in the vegetative state, as is also suggested
by the relatively large number of newly formed leaves at the time of terminat-
ion of the experiment.

It is concluded that 13 hrs is supra-optimal for flowering, whereas the critical
daylength of Salvia occidentalis lics around 13-13% hrs per day, beyond which
the plants will so to say refuse to flower.

3.2.4. Shift in the critical daylength.

Experiment 5. - SCHWABE's (93, 1959; 94, 1961) proposed hypothesis of the
shift in the critical daylength consequent upon partial induction was the sub-
ject matter of this experiment. The procedure adopted by SCHWABE (93, 1959,
p. 29) was applied. The experiment to be described is similar to expt 2, except
that the treatments were changed every 4th day. Table 3 shows the results.

- In the control group a trend similar to that of figure 2 was obtained and
therefore it is not mentioned in the above table. The results of increasing day-
lengths point out that the first 8 days as such were ineffective, but by adding
4 more days of 12 hrs, flower buds were initiated in 23 days and addition of
subsequent daylengths diminished this number only by one. In the decreasing
daylength series the first 12 days, as would be expected, were without any effect,
because they constitute daylengths longer than critical. Addition of 8 more days
constituting 13 and 14 hrs daylength appeared again to be ineffective, as is also
indicated by the increased number of leaf pairs. However, further addition of
4 days of 10 hrs resulted in flower buds after 29 days.

One point should be emphasized, namely events occurring in the sequence
(group 7) are much more favourable for bud initiation as compared to the
similar but opposite order {group 14), involving the difference of as much as
7 days. :
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TaBLE 3. Experiment 5. Effect of changing daylengths on flower bud formation: from inductive
to non-inductive region and vice versa in long photoperiods. Units of 5 plants per

treatment.
Newly formed leaf-
: Mean number of pairs at bud format-
Group Treatment days to ﬂox‘ver ion or at terminat-
bud formation. ion of experiment.
Consecutive daylengths, each during
4 days followed by LD
1 8 . oo . >10
2 810 o =10
3 8-10-12 23 4
4 8-10-12-13 22 4
5 8-10-12-13-14 ’ 22 4
6 3-10-12-13-14-153 22 4
7 8-10-12-13-14-15-16 22 4
8 16 oo 12
.9 16-15 =) 11
10 16-15-14 oo 11
11 16-15-14-13 oo 12
12 16-15-14-13-12 oo 11
13 - 16-15-14-13-12~10 29 -6
14 16-15-14-13-12-10-8 29 5

Judging as a whole, it may be suggested that a shift in the critical daylength
‘does take place, provided the previous induction is the product of a minimum
number of inductive cycles. This minimum number lies between 8-12 days.

3.2.5. Discussion.

The results reported in the preceding section on daylength response are in ge-
neral agreement with many other SDP, MEUER’S (72, 1957) results are confirmed
and extended. Response curves under SD and I.D (fig. 1 and 2) are similar to
those described by Best (3, 1960) except that the range of optimum photo-
period is wider and the reactions sharper. Accordingly, daylength response of
strong white light when given continuously can be grouped asfollows: 1-4hours
sub-optimal, 4-12% hrs optimal, 123-13 hrs supra-optimal, 13-13} hrs critical,
and daylengths longer than 13} hrs are non-inductive to flower bud initiation.
The function of light in relation to flowering scems to be at least threefold (a)
assimilatory, (b) stimulatory, (c) preventive, (b) and (¢) depending on the
length of the day. :

From the results obtained in table ! it is obvious that the nature of photo-
periodic reactions in the sub-optimal region is both non-specific as well as
photoperiodic. That the delay of floral initiation in this region is largely due to
lack of carbohydrates is well known, but it is demonstrated that this is also due
to the slow build wp of inductive products (see increasing daylength series).
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However, in the decreasing daylength series it is seen that the optimal photo-
period was shifted as much as 3 hrs in the sub-optimal direction.

The results on the shift in the critical daylength experiment have a somewhat
similar trend to that proposed by SCHWABE (93, 1959). However, the shift of the
critical daylength in the direction of non-inductive photoperiods seems to have
certain limnitations - at least in Sa/via - occurring only when the preceding induc-
tive cycles are of a minimum number. Such a minimum cycle requirement
coincides with the completion of induction, as will be shown later on. CuMMING
(23, 1963), experimenting with Chenopodium rubrum and using a different ap-
proach, reached a similar conclusion. A given photoperiod that was optimal
with an intermediate R/FR ratio was found to be sub- and supra optimal with
low and high ratios, respectively.

3.3. PHOTOPERIODIC INDUCTION

3.3.1. Morphological changes at the apex during short days.

Experiment 6. — In order to investigate at what moment during the SD treat-
ment the first qualitative changes occur at the apex, the plants were transferred
to LD after 1,2, 3, ----- , 25 SD cycles. Inductive effects of varying numbers of
SD cycles are represented in photo I and figure 3.
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The first macroscopic indication of the generative state appears when dark
green needle-like tips of bract-like leaves are visible instead of normal young
leaf pairs, It was found that 1-10 SD’s were without any effect. A slight effect
was obtained by a treatment of 11-14 8D’s, indicated by the appearance of some
bract-like leaves. However, the buds remained stunted and did not give rise to
an inflorescence and the formation of normal leaves was resumed. An induc-
tion period of 15-21 SD’s was sufficient for the formation of an inflorescence,
although its progress towards flowering was prevented in the following LD.
Plants reverted to a vegetative state after the laterals had grown from the axils
of the uppermost leaf pair. An induction period of 22-25 SD gave rise to an
elongated inflorescence of which only the lower axes flowered. Plants kept in
continuous SD developed a normal mﬂorescenoe and flowered in about 40-45
days.

in'xperimem 7. --In this experiment the transition of an apical bud primordium
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from a vegetative to a generative state was detected under a dissecting microscope.
After receiving the required number of SD’s the primordium of the main axis,
together with surrounding unexpanded leaves, were excised and fixed in 96 %
ethanol, Before dissection they were transferred into 48 % ethanol, in which the
tissues were flexible enough to dissect. The growing points were stained in a
strong solution of potassium iodide for 1-2 minutes just before examination.
Photomicrographs were taken according to the method used by BRUINSMA
(12, 1963). Photo’s 2 show the state of the bud after 0, 10, 15 or 20 SD respec-
- tively. Photo’s 2A and 2B represent vegetative growing points which have more
or less flat domed apices with young leaf initials arising from their sides. Floral
initiation involves the enlargement of the apex and its gradual transformation
into a more or less semi-circular dome with reduced leaf initials (photo 2C) to
a prominent dome shaped apex (photo 2D).

Experiment 8. ~ Floral histogenesis. Changes in the shoot apex during SD
treatments, as seen anatomically, are illustrated in photo’s 3, Shoot apices were
fixed in formalin-aceto-alcohol mixtures as described by JoHANSEN (51, 1940,
p. 41). All plants were studied by means of paraffin embedded longitudinal
sections of 20 mp thickness, and stained according to the technique used by
‘CHEADLE ez al (19, 1953). First indication of an effect of SD treatment was
evident after 12 SD (photo 3B), when there was slight swelling of the apex
-accompanied by an increase in cell division, as indicated by spreading of dark
zones, as compared to the vegetative apex. On the 14th day (photo 3C) rounding
-of the apex marked the change in the differentiation pattern, which became more
prominent in later stages of induction. The formation of an elongated dome
shaped apex appeared after 16 SD (photo not shown) and the appeareance of
bract-like leaf initials after 18 SD’s (photo 3D).

Experiment 9. — Cell division and induction. This experiment was designed to
-assess and correlate the mitotic activity at the terminal meristematic shoot apex
to the number of SD cycles. At 4.30 p.n. three buds were collected after 0 SD
-as well as on every alternate SD during a 22 day-period. The Feulgen-squash
technique was applied. Early and late prophases, metaphases, anaphases, and
telophases were counted. However, the total numbers of cells scored were
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relatively low i.e. between 700-1500 cells per treatment. The results are shown
in figure 4. :

Mitofic figures (expressed as percentage of dividing cells) in the menstematlc
zones of the apex during 010 SD are approximately the same. The first sign
of transition from the vegetative into a generative state is accompanied by an
abrupt increase in the rate of apical cell division, between 12--14 SD’s. This
activity is further accelerated by increasing numbers of SD, at least until 22 SD
cycles. Results of similar nature have also been reported by Jacoss and RAGHA-
VAN (49, 1962) and THomaS (100, 1963) in other SDP’s,

3.3.2. Effect of preceding long days on the subsequent induction in short days.

Experiment 10. — 1o table 2 (p. 15} it was demonstrated that daylengthslonger
than 13} hrs are non-inductive when given continuously. It appeared of interest,
therefore, to investigate whether LD given before the start of the SD treatment
exerted any effect on the subsequent 8D induction. If these LD’s are inhibitory,
flowering will be delayed, and if promotive, flowering will be accelerated in the
following SD. Thus plants were subjected to 1, 2 or 3 weeks of LD of various
light: dark ratios and transferred to SD. The results are summarized in table 4.

TABLE 4. Experiment {0. Effect of preceding LD of various light: dark ratios during 7, 14 or
21 days on subsequent induction in SD. Units of 5 plants per treatment.

Duration of treatment Light: Dark ratio during hfza;u?iugmigiﬁys

{days) treatment. . SD - after treatment.
Control - 8L, 16D 21
Td. 121,12D ‘ 14
i 14L,10D 17
16L, 8D 19
18L, 6D , _ 19
0L, 4D 19
2L, 2D 20
4L, OD 19
144 . i2L,12D , 7
' 14L,10D ' 19
16L, 8D 21
18L, 5D : 21
20L, 4D 21
21, 2D 23
4L, 0D 22
21d. ' 12L,12D 0
' 14L,10D 20
16L, 8D 21
181, 6D 21
201, 4D .2
221, 2D 23
. 4L, 0D ) 22
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The data obtained show in general that preceding LD’s of various duration
bave practically no delaying effect on the subsequent induction in SD. We
should keep in mind that 12 hrs L 4 12 hrs D has an inductive effect.

Experiment 11. - In this experiment the effect of 1, 2.or 3 weeks of CL (TL) of
intensity 3500 . W/cm?® preceding the SD treatment was tested on plants 6 weeks
old. All groups including the controls took 20-21 SD to initiate flower buds.
These results once again show that the preceding LD (in this case CL) does not
exert any deleterious effect on the subsequent induction in SD of plants which
have been grown in preceding LD,

3.3.3. Discussion.

Let us first discuss the efficiency of induction in SD as a result of preceding
LIYs of various photoperiods. The results obtained in table 4 point out that
preceding LD’s do not disturb the inductive processes during the following
SD’s, when starting with full grown plants. These results are in contradiction
to those of HARDER and BUnsow (40, 1954) with Kalanchoé blossfeldiana, to
those of EsasHi (26, 1961) with Begonia evansiana, and to those of Hicazy (44,
1962, p. 41) with Salvia occidentalis. However, all these authors started from
very young seedlings, and it will be discussed in the next part that in young
seedlings no maximal light inhibition has been built up vet, like cvidently in my
case.

Coming now to the induction in SD itself, my observations on the moment of
induction during SD treatment are in harmony with MEDER (72, 1957). On the
basis of experiments, described in section 3.3.1, it can be deduced that vegetative
plants in SD must pass, at least, through two distinct phases, each with its own
characteristics and requirement for rapid completion. The following two phases
are suggested: (1) a preparatory or pre-inductive phase; (2) a realization phase.

The preparatory or pre-inductive phase. In my material the first 10 SD’s consti-
tute this phase. Hs effects seem to be localized and immobile, for in subsequent
LD’s no after-effect occurs. It appearsto be a phase with low apical mitotic acti-
vity. Even though its nature is obscure, this is the most crucial of the two phases,
because during this phase certain factor(s) are either built up or removed, the
result of which is the induced state. The realization phase. During this phase the
first qualitative changes take place, while at the shoot apex it coincides with an
increase of mitotic activity. The degree of flowering increases with increasing
cycles of SD and reaches a maximum beyond which the processes become more
independent of photoperiod.

3.4, THE EFFECT OF DIFFERENT FACTORS ON FLOWER

BUD FORMATION IN SHORT-DAYS
3.4.1. Plant age,

Experiment 12. — This experiment was carried out to determine the response
of plant age to favourable SD cycles. Age series were obtained by weekly
sowings, so that after 10 wecks age groups of 1-10 weeks old seedlings were
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available. All groups were then simultanecusly transferred from LD to SD
cycles. Photo 4 illustrates and table 5 summarizes the resulis.

TABLE 3, Experiment 12, Effect of plant age on flower bud formation in SD. Units of 5 plants
per treatment.

Mean number of Leaf pairs including Newly formed leaf-

Age (weeks) days to flower cotyledons at the start pairs at bud
bud formation of the treatment formation
1 25 1 3.0
2 26 2 3.0
3 25 3 3.0
4 23 4 3.4
5 25 5 34
6 25 6 5.0
7 26 7 5.0
8 26 8 5.0
9 26 9 4.6
10 27 10 40

These results indicate that different age groups initiated flower buds more or
less simultaneously namely between 23-27 SD’s irrespective of their age. The
numbers of leaf pairs at increasing age in the LD-pretreatment exhibit a linear
relationship. One leaf pair unfolded each weck. However, the trend of newly
formed leaves at bud formation was not linear, for 3 new leaf pairs were formed
at the time of bud formation in 1-6 week old plants, whereas 4-5 leaf pairs were
formed in 7-10 week old plants.

On the basis of the available information it is concluded that very young as
well as older plants are equally sensitive to SD treatment. This further suggests
that cotyledons and/or primary leaves perceive the SD effect. The existence of
a non sensitive or less sensitive period is therefore, not evident.

3.4.2. The sensitivity of leaves of different maturity.

Experiment 13. — The object of this experiment was twofold: (a) to determine
the differences in the inductive capacity of leaves of different age antl position,
and (b) to investigate the effect of defoliation on flower bud formation.

In Salvia the arrangement of the leaves is decussate (opposite, with alternate
paits at right angles to each other). At the time of starting the cuttings for this
experiment, the uppermost unexpanded leaf pair was marked. At the start of -
the SD treatment there were about 7-8 newly formed fully expanded leaf pairs
(but differing in size and area) on each plant. All leaves below and including the
marked leaf pair were removed. The pair of leaves after the marked leaf-pair was
designated as 1st pair, the next one as 2nd, etc. Hence, the pairs of leaves are
‘numbered successively from the base upwards. The leaf pairs were then divided
into three groups which for simplicity’s sake are indicated as:

Mature (M) = 1-2 leaf pairs,
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Semimature (SM) == 3-6 Ieaf pairs,
Young (Y) = 7-8 leaf pairs. :

The defoliation was achieved prior to the SD-trcatment New leaves formed
during the SD-treatment were continuously removed. The results are indicated
in table 6.

TABLE 6. Experiment 13, The sensitivity of leaves of different maturity on flower bud formation
under SD condition. Units of 8 plants per treatment.
M = Mature leaves
SM == Semi-mature leaves
Y = Youngleaves
" 4 = leaves present

— = leaves removed
Position of the treated Mean number of days to
Group leaves on the plant flower bud formation
1 +M 4 8SM +Y i8
2 +M +SM —Y 19
3 +M —SM +Y . 19
4 + M -—-SM —Y 23
5 —M +SM +Y 18
.6 —M +SM —Y 19
7 —M —SM {Y : 18
8 —M —SM —Y : ' : 18

These results point out that all treatments. initiated flower buds simultaneously
i 18-19 SD’s except in treatment 4 where.the presence of mature leaves in an
otherwise promoting condition caused a delay in bud formation which took
23 SD. Plants fully defoliated appeared to be as efficient in floral initiation as
intact controls. This suggests participation of the stem in perceiving the SD
effect. Comparable controls ie. totally defoliated plants in LD or CL never
formed flower buds.

It is concluded that the sensitivity of different leaf pairs towards the SD
induction is the same, except that mature leaves partially inhibited the response.

Defoliation too does not affect the flowering response, as completely defoliated
plants initiated flower buds. :

3.4.3. The sensitivity of single leaf pair.

Experiment 14. - The sensitivity of a single leaf pair in-sifu to the eﬂic1ency of
the favourable effect of SD was tested. The leaf pair in question was retained and
all others removed both at the start of the experiment and during the treatment.
In all other respects, the procedure applied was similar to that of the last ex-
periment. The intact plants had 7 leaf pairs at the start of the SD treatment. The
results are shown in table 7. .

These results indicate that only the Ist leaf pair, which is the oldest caused a
delay, whereas all other leaf pairs irrespective of their position ‘and age took
20 or 21 SD. Completely defoliated plants also initiated flower buds. .
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TaBLE 7. Experiment 14. The sensitivity of individual leaf pair in-situ on flower bud formation
under 8D condition. Units of 5 plants per treatment.

Position of individual leaf Mean number of days to
pairs from base upwards flower bud formation
Intact plant : 20
1st 25
2nd 21
3rd 20
4th 20
Sth . 20
6th 20
Tth 20

Defoliated plant : 20

From this and the previous experiment it can be concluded that all leaves
in-situ individually or in combination, irrespective of their maturity, position,
size and area aresensitive to SD treatment, except the oldest pair of leaves which
delayed flower bud formation. '

3.4.4. Discussion, .

HiGazy (already cited on p. 12) concluded for Salvia that a juvenile phase
exists, but lasting only up to 3 weeks. Our results from repeated experiments
suggest this not to be true as different age groups (table 5) initiated flower buds
more or less at the same time. This difference of results could perhaps be
attributed to different growing conditions during the pretreatment. My results
point out that the cotyledons and/or primary leaves are fully sensitive to day-
. length. In this respect Salvia is similar to Pharbitis nil, IMAMURA (47, 1953) and

© Chenopodium rubrum, CUMMING (22, 1959) and differs from Perilla, WELLENSIEK
(as cited by ZEEVAART, 114, 1958 p. 9), where young plants, and Xanthium,
JENNING and ZUCK (50, 1954) where cotyledons are less sensitive or insensitive
to SD treatment. The criterion of obligatory vegetative growth prior to the
‘ripeness to flower’ condition as proposed by HOLDSWORTH (46, 1956) for some
SDP’s seems less acceptable for Salvia, because the plants in our case were
already sensitive to the photoperiodic treatment at the cotyledonary stage.

The results of the experiments on the sensitivity of leaf pairs indicated that all
Ieaf pairs were equally sensitive to SD except the oldest one which was studied.
However, relatively poor inductive effect of this leaf pair can be masked when
accompanied by higher located leaves. It was also found that completely de-
foliated plants take the same time to initiate flower buds as intact plants in SD.
This would oppose the suggestion made by BORTHWICK and PArkER (11, 1938)
and HAMNER (35 1948) that the sensitivity to photoperiodic treatment is related
to total leaf area. Disagreerment on this issue has been pointed out already. by
LANG (56, 1952) who stated: ‘it takes the same number of cycles to induce an
intact plant and a plant defoliated to one leaf’. Since defoliated Safvia plants in
LD or CL will not flower, they differ from strawberry, THOMPSON and GuTIT-

RIDGE (101, 1960).
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CHAPTER 4
LIGHT INHIBITICN

Whereas the preceding chapter was primarily concerned with the photope-
riodic behaviour and consequently describes the changes occurring during
different daylength regimes in relation to fiower bud formation, this chapter
describes and analyses some salient features of non-inductive daylengths in
terms of where and when they manifest their inhibitory action in the short-day
plant Salvia occidentalis.

4.1. CHARACTERISTICS OF LIGHT INHIBITION
4.1.1. Introduction. ’

Intervention by long-day cycle(s) between the short-day series of an inductive
treaiment is generally called fractional induction. Studies involving fractional
induction have been carried out by numerous workers, and the literature has
been reviewed by CaRr (14, 1955). There is general agreement that such non-
inductive daylengths have inhibitory effects. These effects have been observed
and accurately studied by SCHWABE (91, 1956; 93, 1959) in Kalanchoé¢ blossfel-
diana. WELLENSIEK (106, 1958; 107, 1959) interrupted the SD treatment of
Perilla at various times by 48 hrs of CL and observed that the inhibitory effect of
CL depends largely on the moment of the inductive period at which it is inter-
calated, He made similar conclusions from work with Salvia (108, 1960) using
72 hrs of CL. Similar resulis have been obiained in Rottboellia exaltata by
Evans (28, 1962) and results reported by THoMas (99, 1963) in Xenthium and
Chenopodium, though somewhat different, point to the same trend. However, in
all the previous studies either standard [6 hrs LD or 24 hrs or more CL were

“intercalated between the SD’s. As far as 1 know, no previous studies except
those of SiroHI and HAMNER (95, 1962) have been undertaken to account for the
effects of LD of different duration. ¥ come back to this work later.

4.1.2. Periodical interruption of the short day treatment by different photoperiods.

Experiment 15, - This experiment has two treatments. The first one comprises
uninterrupted photoperiods of 11, 114, 12, 121, 13, 13} or 14 hrs for 21 days.
The second approach was to alternate single SD (8 hrs light and 16 hrs dark)
with the single above mentioned photoperiods of varying lengths. This was
repeated until the plants received 11 SD, so that the total duration of the treat-
ment lasted 21 days aiso. In both cases the plants were then removed to unin-
terrupted SD. The results are presented in figure 5.

During the 21-day treatment, uninterrupted cycles of 11, 114 and 12 hrs were
fully inductive, whereas in cycles longer than 12 hrs this was the case only
partially. After transferring the latter group of plants to $D, increasing num-

bers of SD’s were needed as the photoperiods during the pretreatment increas-
ed.
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Fi1G. 5. Experiment 15, Number of days Eic,
required for bud formation in SD g;gyf TRNTERRUPTED
(ordinate), when pretreated during 8k g
21 days with photoperiods as in- 32‘5 i
-dicated in abscissa, either uninter- ggg 2 P
rupted or alternated with SD of £5 o Fiitances
8 hrs light and 16 hrs of darkness.

0 15 2 e R e s

PHOTOPERIODS IN HOURS®

When these different photoperiods were alternated with SD, it was found that
all photoperiods were innocuous except 14 hrs which showed a slight floral
delay. These cycles on alternation with SD acted like ordinary SD cycles.

It is concluded that the delaying effect of cycles longer than 12 hrs is almost
completely absent when these cycles are alternated with single SD.

Experiment 16. —- The effect of interruption of a single cycle of varying length
of photoperiod after 5, 9, 10 or 15 SD on flower bud formation was studied.
After having received the fixed number of SD’s, the plants received one cycle of
12, 124, 13, 134, 14, 14} or 15 hrs of light, followed by SD. This treatment
yielded negative results. In all groups, including the uninterrupted SD controls,
the flower buds were visible after 20-21 days.

Tt is concluded that a single cycle of long-days of varying length between 12
and 15 hrs is not inhibitory.

Experiment 17, — The procedure of thls experiment was the same as that of
the previous one except that instead of one single cycle, 3 cycles of varying
lengths of photoperiod were given as interruption. Table 8 shows the results.

TaBLE 8, Experiment 17, Mean number of days to flower bud formation when the $D-treat-
ment was interrupted after 5, 9, 10 or 15 cycles with 3 cycles of 12, ---- 15 hrs of
light. Units of 5 plants per treatment.

Mean number of days to flower bud formation

Photape ﬂod.durmg when interruption takes place after ---
3 days of inter-
Tuption 55D . 9SD 10SD 158D
12 22.0 21.0 21.4 21.5
124 22.8 210 210 210
13 240 220 23.6 21,0
i3 24.0 23.6 23.0 21.0
i4 24,0 24.0 242 210
144 24.0 24.6 25.2 21.2
15 24.0 25.0 26.2 21.4

~ In practicaily all cases besides 15 SD the time for flower bud formation is
increased as the photoperiod during intercalated LD is increased. Only in
isolated cases, namely with daylengths of 14} and 15 hrs applied after 9 or
10 SD’s, the defay in flower bud formation is larger than the duration of the
interruption. Only in those cases we could speak of an inhibition.
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The absence of inhibition when the interruption takes place after 15 SD
indicates that the inhibition only influences the processes leading to the induced
state. '

4.1.3. Critical period of light inhibition.

Experiment 18. — This experiment was performed to determine the inter-
relationships between the effect of varying lengths of photoperiod and the time
of application during the SD-treatment. A graduated series of photoperiods
ranging from 12-24 hrsat 2 hrs interval was administered once after 9, 10, 11 or
12 SD’s. The results are plotted in figure 6.

wow
¥ 8 2 8 B ¥ OB

4

Fic. 6. Experiment 18. The effect of inter-
' rupting the SD-treatment by 1 cycle of
varying duration of light (abscissa),
when administered after 9, 10, 11 or 12

n

HUMBER OF DAYS TO FLOWER BUD FORMATION
3

&

2 4 c1e w 0 22 24

PHOTORERIGDS 1N HOURS SD. Control ‘C’ in SD (ordinate).

This graph clearly demonsirates an inhibitory effect of certain daylengths.
After 9 8D, the maximum inhibition cccurs from 18 hrs of photoperiod, after
10 SD the maximum oceurs from 20 hrs, after 11 SD also from 20 hrs and after
12 SD from 22 hrs. The graph also shows that the maximum inhibition is
largest when the interruption is applied after 10 or 11 SD while after 12 SDit is
much less. This means that during the proceding of the induction the length of
the inhibitory daylength increases.

4.14. Timing and light inhibition.

Experiment 19, — This experiment was designed to test whether the CL (shown
to exert maximum inhibition in expt 18) has a different effect when administered
at different times during the entire range of SD treatment. SD-treatment of
groups of plants was interrupted once by 2 days of CL (high intensity 3500
pwWicm? at greenhouse temperature) after 0, 2, 4 ---- 24 SD respectwely The
results are shown in figure 7,

E

Eg FiG. 7. Experiment 19. Effect of the time of
22 2 days CL interruption. Abscissa:
EE:_ Number of SD after which an inter-
E ruption during 2 days CL was given.
§ _ Ordinate: mean number of days to bud
2 ol T, ) formatwn. ‘C’and ‘C+2’ on ordinate

INTERRUPTION A¥fEH.....50 S¥ 2DAYS OF €L indicate the controls,
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The mean numbers of days to flower bud formation confirm that 2 days of
CL interruption in a SD series has a marked time effect. The following resuIts
are worthy of atiention.

CL does not exert any inhibitory effect when given before the SD treatment.
The difference with the uninterrupted SD control is exactly 2 days which is the
duration of CL interruption.

It is equally evident that after a certain number of SD’s the CL exerts an
appreciable inhibition.

Asthe CL interruptions are given at later periods during the SD treatment, the
effect of the light inhibition gradually increases and reaches its maximum after
8-10 SD’s, involving a difference with the control of no less than 11 days.
Afterwards it gradually declines to completely disappear after 20 SD.

From this experiment itis concluded that CL exhibits its inhibitory nature only
after some SD’s. The maximum effect of CL inhibition lies roughly in the middle
of the induction period, when the plants are about to enter the induced state.

Experiment 20. — CL-inhibition and mitotic activity, In expt 9 (p. 18) the
relationship between the number of SD given to the plants and the rate of cell
division in the apex was presented. It appeared of interest, therefore, to study
whether the intercalated 3 d. CL administered at different times during SD-
treatment has any causal relationship with the rate of cell division in the apex.
' The experimental method is similar to that of expt 9, except that the buds were
fixed after 0 SD + 3 d. CL or 2 SD + 3 d. CL etc. Figure 8 illustrates the re-

sults.
90"

to}-
Jor
soF
so}

40
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o}

20F

FiG. 8. Experiment 20. Effect of 3 days CL 1o}
interruption after varying numbers of
SD cycles on the % of mitotic figures Gy
in the apex. INTERRUPTION AFTER..... SD BY 3DAYS OF CL

The resulis indicate that no apparent increase in the mitotic index was evident
as a result of 3 d. CL interruption after 0 or 2 SD’s. However, between 4 and
6 SD’s the rate in cell division was almost doubled and then increased pro-
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gressively upto 12 SD, involving a rather high rate of cell multiplication. After
14-16 SD’s a decreasing trend was apparent.

These results have thus shown that the intercalated CL creates a rather high
physiological activity at the apex only after receiving some initial S1’s. However,
it should be kept in mind that the method used was rather crude and nothing
as yet can be said conclusively.

4.1.5. The cumulative effect of light inhibition.

In the previous experiments, physiological evidence for the existence of
flower inhibition by light was established. It was now important to investigate
the cumulative effect of interrupting LD or CL periods. Thus the objective of
the following two experiments was to determine whether increasing the length
of interruption with LD or CL results in increasing inhibition or whether a
maximum exists. Simultaneously the inhibitory effects of LD (16 hrs light) and
CL are compared.

Experiment 21. - In this experiment 1, 2, 3 —— 7LD’s of 16 hrs light were
given after 9, 10 or 11 SD’s i.e. the period of SD’s after which the LD-inhibition
either approaches maximum or is about to decline. After the LD interruption
the further treatment consisted of SD. Table 9 shows the results.

‘TABLE 9. Experiment 21. The inhibitive effect of increasing periods of Jong-day (16 hrs light)
administered after 9, 10 or 11 SD-cycles and followed by SD. Five plants per treat-

ment.
Time of application Mean number of Di Newly formed
and duration in days days to flower . ifference leaf pairs at
of LD-interruption bud formation with coatrol bud formation
Control in SD 21.0 — - 5.4
9sSD-1d © 232 22 5.6
~2d 26.4 5.4 6.6
-3d 28.0 7.0 10
-4d 314 104 7.4
-5d 33.0 12.0 8.2
-6d 344 13.4 8.0
~-7d 36.2 15.2 8.4
108D -1d 23.8 2.8 6.0
-2d 27.8 6.8 6.8
-3d 314 104 7.8
-4d 33.4 124 - 8.0
~-5d 33.8 12.8 8.4
-6d 36.2
. 15.2 8.4
-7d 37.0 16.0 8.8
118D-1d 21.0 0.0 5.0
-2d 28.0 7.0 7.0
-3d 28.8 7.8 7.0
-4d )
p 334 12.4 . 7.8
-5d 36.0 15.0 . 8.6
-6d 37.0 160 9.0
=T7d 36.8 15.8 9.8
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The results indicate that the effects of increasing numbers of interrupting
LD’s increase regularly. Generally speaking, the values of such LD interrupt-
ions (column 3) are highest after 11 SD’s as compared to 10 SD’s, which in turn
are higher than 9 SD’s.

Gradual increase in the numbers of newly formed leaf pairs at the time of
flower bud formation in all the treatments also confirms the increasing degree
of inhibition.

Experiment 22. — This experiment is similar to expt 20, except that instead of
interrupting LD, CL was given. The results are shown in table 10.

TaBLE 10. Experiment 22. The inhibitive effect of increasing periods of continuous light admi-
nistered after 9, 10 or 11 SD-cycles and followed by SD. Five plants per treatment.

Time of application Mean number of Difference Newly formed
and duration in days days to flower with control leaf pairs at

of CL-interruption bud formation bud fermation
Control in SD 204 — 6.4
95D -1d 28.0 7.6 84
-2d - 322 11.8 9.0
-3d 342 13.8 8.8
-4d 34.0 13.6 9.6
-5d 348 14.4 9.8
-6d - 36.0 15.6 2.6
-7d 376 17.2 9.8
108D-1d 28.6 82 - 84
-2d 328 124 9.6
-3d 33.6 13.2 9.2
-4d 356 15.2 10.0
-5d 36.0 156 10.2
~-6d 37.6 17.2 10.0
-7d 38.0 17.6 10.0
1H8D-1d 28.2 7.8 3.2
-2d 334 13.0 9.0
-3d 34.6 14.2 9.6
—4d 36.8 16.4 94
-5d 37.8 17.4 9.4
-6d 380 17.6 102
-7d 38.6 182 9.8

The results point to a somewbat similar trend as was shown in table 9,
regarding the appearance of flower buds and the formation of new leaves. The
CL-inhibition is quantitatively larger than the LD-inhibition, How different both

are is shown in the next paragraph.

4.1.6. The quantitative estimation of light inhibition.

The question arises how many SD’s are annulled per LI_) or QL cycle, when
such non-inductive cycles are intercalated between the SD inductive treatment.
To answer this question use was made of data obtained in tables 9 and 10 and

Meded. Landbouwhogeschool Wageningen 64-12 (1964) | 29



the comparative effectiveness of LD or CL inhibition after 10 SD’s is presented
in figure 9. ' o
The CL-inhibition is significantly higher than the LD-inhibition in all the

5D LD cL Fic. 9. The quantita-
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cases. Further details from these experiments have been calculated in tables
11 and 12, : .

Intable 11 we see that the mean inhibition per LD (column3) first rises and then

TaBLE 11. Quantitative estimation of the inhibitive effect of varying numbers of long-day
given after 10 SD (Data from table 9 - see also figure 9).

Time of application Difference Mean Actual
and duration in days DS t‘iib“d with SD- Aol ypoition  inhibition
of LD-interruption ~ 10Tmat00 control inhibition per LD per day
Control 21.0 _ _— — —
108D -14d 23.8 2.8 1.8 1.8 - 1.8
-24 27.8 6.8 4.8 2.4 3.0
-34d 314 © 104 7.4 2.5 2.6
- 4d ) 334 12.4 8.4 21 1.0
-5d 338 12.8 7.8 1.6 -0.6
-64 36.2 152 9.2 1.5 1.4
-74d 37.0 16.0 2.0 1.3 -02
30
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TABLE 12, Quantitative estimation of the inhibitive effect of varying numbers of continuous
light period given after 10 SD (Data from table 10 — see also figure 9).

Time of application Difference

fon | Days to : Actual
and duyration in days . with SD vt
of CL-interruption bud formation control inhibition
" Control _ 20.4 —_ _
108SD-1d 28.6 . 8.2 7.2
-2d 32.8 12.4 ‘ 10.4
-3d 336 13.2 10.2
~4d 356 15.2 ‘ 11.2
~-5d 36.0 15.6 10.6
-6d 376 17.2 1.2
-7d 38.0 17.6 10.6

drops, as the number of days of LD-interruption increases. Table 12, for CL,
presents quite another picture: already after 2 d. CL the inhibition is larger than

the number of preceding SD.

4.1.7. The effect of light inhibition on preceding andfor succeeding short-days.

The basic point at issue, i.e. whether the intercalated LD’s during SD treat-
ment affect the processes during the preceding or during the succeeding SD, has
been partly answered by ScawABg (91, 1956) and WELLENSIEK (107, 1959). Both
these investigators found that LD’s destroy the effect of future SD’s. SCHWABE'S
" conclusion was based on the result that a Jong period of darkness following
intercalated LD neutralizes its inhibitory effect, and does not do so when it
precedes the LD. o :

The inhibitory effect of light is of basic importance, especially in relation to
the induced state. For if LD’s annihilate the effect of preceding SD’s the process
of flowering has either to start anew (complete reversal) or from another level
in the chain of reactions (partial reversal). If LD’s annihilate the effect of suc-
ceeding SD’s, the preservation and/or fixation of the effect of previous SD
cycles is expected.

This phenomenon was studied in the following experiments.

Experiment 23. — Plants were exposed to 10 SD plus 3 days CL (light intensity
3500 uW/em?) 1, 2, 3, 4 or 5 times. After each treatment the plants were kep’
in uninterrupted SD. The results are presented in figure 10,

The results clearly show that all treated groups, irrespective of the number of
alternations, needed 21-22 SD to initiate tlower buds, as also did the SD control.
Stated in another way, each interruption of 3 days CL reversed the effect of
10 preceding SD’s completely. )

The next experiment was designed to find out until what time in the SD-treat-
ment reversibility of the processes by 3 d. CL is possible. .

Experiment 24. - Plants were exposed to 3, 5789----16 S]Z_b’s respectively,
followed by 3 d. CL, which treatments were applied 1, 2 or 3 times; the after-

Meded, Landbouwhogeschool Wageningen 64-12 (1964) 31



- --=< 53X on the flower bud formation in sub-
sequent SD, compared with a control (at the left)

sisting of alternating10SDand 3d. CL 1 x,2 x,
pregrown in uninterrupted LD.

F16. 10. Experiment 23. The effect of pretreatments con-

. B
O e
93]
=72

Lz Yoz Yz vz Y7722
[ Y727l 7 V77
Pz e W) 772

Bz YA A
A A

was uninterrupted SD. The resuits are shown in fi

experiment shows that after 3

RHINGD [ A

VOGS I TNV ITITs]

i

-

O O O 0

“ ~ -
NCIlyWe04 ond

HCd as JO YIAWNN

ANFWIVIYIIWd

treatment, if necessary,

gurell.

The result of this

induction was completely negated when followed

»35,7,8,90r 10 SD cycles the

by 3d. CL,
ministered after 11, 12, [3, 14,

t the necessity of more than one
, for all groups initiated buds before

The effectiveness of 3 d. CL inhibition when ad
15 or 16 SD cycles is not evident. It is seen tha

alternation after 11 SD cycles did not arise
the second alternation had been implem

en

ted. At this point this part of the

experiment was terminated. It should be noted that the later the 3 d. CL were

TOHLINGD F7727

Y
W A
oW A

L B2
P B2
2B A,

B B
A 12727
A P27

ez A
b B2z
5 A

Eod Vg
2 MR
A B7E77)

A W VAR
bl 3
B Tz

Cr ] V7] Y )
A L )

e V2R

i 7 A A e
Vo Vo v
b Yo

W B Vo] YA
DA W e, M1
L2 )

AR W e M
b Y7 )
E27 7 Vg

L7277 A T
LA A M W
7z A

A Al Y W
b2 T
AR B %

T HTTT TN T TTIIE

c o a
-

NCILvHEOd Ong
HO4 JS 4O uREMAN

ANIWAYIHL

‘0’-line, onflowerbud.

ternating various periods of SD’s with

» asindicated below the

formation in following SD.

F1G. 11. Experiment 24, The effect of al
3d.CL1x, 2% or3x

SD

1D

CL

Meded. Landbouwhogeschool Wageningen 64-12 (1964)



given during the SD treatment, the fewer the number of additional SD’s required
to initiate flower buds. In all the treated groups, however, the total number of
days necessary for bud formation was similar to that of the SD control ie.
21 SD’s.

One unexpected result should be mentioned, ie. the’ abrupt fall in light
inhibition after 10 SD. In figure 7 (p. 26) it was namely shown that CL-inhibition
declines gradually though not abruptly.

The results obtained in this and the previous experiment strongly suggest that
intercalated mon-inductive CL cycles between SD’s strongly inhibit the pro-
cesses of preceding SD cycles.

Experiment 25. — The question arises whether the inhibitory effect of light
can be removed by following darkness. This and the following experiments were
designed to test this possibility. The procedure was as follows: after receiving
5, 10 or 15 SD’s planis were given four different treatments: 1 LD; 1 day
darkness (1D); 1 LD + 1 D and 1 D + 1 LD. Further trcatment consisted of
SD. The results are summarized in table 13.

TaBLE 13. Experiment 23. The effect of one day LD, of 1 day Darkness (1 D), of 1LD + 1D,
of 1 D + 1 LD, applied after 5, 10 or 15 5D. Units of 5 plants per treatment.

Mean number of Difference

Treatment days to flower _
bud formation with control

Conirol 210 _
58D-11D 224 14
-1D 214 04
~-1ILD+1D 220 . 1.0
-1D+ 11D 23.8 ’ 2.8
10SD-1LD 23.6 . 2.6
-1D 21.2 0.2
~1ID+1D 238 2.8
-1D+1LD 24.0 30
15SD-1LD 21.2 02
-1D 214 0.4
~-1LD+1D 21.0 0.0
-1D+1LD 21.0 0.0

A single LD exerts no inhibitory action when given after 5 or 15 SD and only
slightly after 10 SD. A dark period of 24 hrs was found not to be of any effect
in all the three treatments. The slight inhibitory effect of a single LD when given
after 10 SD’s, was not removed by following 1 D. However, it should be noted -
that the combination 1 D + 1 LD after 55D and 10 SD was slightly inhibitory.

Experiment 26. — The experimental design was similar to that of the previous
experiment, except that 1 d. CL was employed instead of 1 LD. Table 14 shows
the results. :
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TabLE 14, Experiment 26. The effect of 1 day CL, ol 1 day darkness (1 D), of 1 CL + 1 D, of
1D + 1 CL, applied after 5, 10 or 15 8D, Units of 5 plants per treatment.

Mean number of .
Difference
Treatment -days to flower :
bud formation, Wl.th control
Control 21.0 - . —
58D-1CL 26.0 ] 5.0
-iD 214 0.4
~1CL+1D 24.0 ‘ 3.0
-1D+ 1CL 26.4 : 5.4
108D -1CL 28.6 . 1.6
~-1D - 212 0.2
-1CL+ 1D 27.0 : - 60
~-1D+1CL 28.0 70
158D -1CL 21.6 0.6
-1D 21.4 04
~-1CL+ 1D . 214 04.
-1D+1CL : 21.0 0.0

One day of CL, as expected, had a marked inhibitory effect when applied
after 5 or 10 SD’s, no cffect when applied after 15 SD’s. Darkness of 24 hrs was
without any effect, as we have already observed in experiment 25. The inhibitory
effect of 1 d. CL afier 5 SD was slightly diminished by following 1 D, namely by
2 days, but was not completely removed. However, the combination 1 D - 1d.
CL was inhibitory. Similar effects were apparent after 10 SD’s.

These results suggest that the inhibiting effect of an interrupting light period
cannot be removed by the following 24 hrs of darkness.

Experiment 27. — The purpose of this experiment is similar to that of expt 25.
The results are shown in table 15, the text of which also describes the various
experimental treatments in detail. '

It will be seen from this table that alternation of SD with 24 hrs darkuness
resulted in delay in bud formation as compared to the SD coatrol. In series A,
in which the SD were alternating with LD of varying length, only treatments
with 12 and 14 hrs light initiated buds during the treatment, while longer periods
of light only formed buds during the aftertreatment in SD and needed more SD,
the longer the light period. In series B, where the dark period of 24 hrs was
preceding the different long days but following the SD, it was found that only
the treatment with 12 brs L initiated buds during the treatment, whereas 18
or more hrs of light remained ineffective. These results suggest that light periods
from 18 L to 24 L completely removed the effect of the pretreatment, so far
administered. Series C clearly shows that the 24 hrs dark period following the
long day treatment (12 L and 14 L) to a greater extent neutralizes the delaying
effect of such cycles, but such dark periods when following LD’s of above 16 L
do not remove the inhibitory effect of such daylengths completely, as is seen
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TABLE 15. Experiment 27. Effect of 5D ; of alternating 1 8D and 24 hrs dark (D); of 1 SD and
1 LD of varying numbers of light (1) (series A); of 1 SD, 24 hrs D and 1 LD of
varying numbers of L (serics B); of 1 SD, 1 LD of varying numbers of L and 24 hrs
D (series C). The first three treatments can be ¢onsidered as controls for the last
two. Duration of the treatment 32 days. Units of 5 plants per treatment.

Treatment during Mean number of days to flower bud formation.

32 days during treatment in SD after treatment
Control 20.4 —
SD-D 26.8 —
Series A - (SD-LD)
SD-12L 20.6 —
SD-14L 21.8 —
SD-16L — 6.0
SD-18L — 16.4
Sb-20L — 18.4
SD-22L — 19.3
SD-24L — 206
Series B~ (SD-L-LD)
SD-D-12L 28.2 —
SD-D-14L — 3.0 .
Sb-D-16L —_ 17.2
SD-D-18L — 20.2
SD-D-20L — 200
SD-D-22L1 — 20.0
SD-D-24L — 206
Series C - (SD-LD-D)
SD-12L-D 2L.8 -
SD-14L-D 24.0 _ —
SD-16L-D — 6.0
SD-18L-D — 15.8
SD-20L-D — 15.6
SD-22L-D — 18.0
SD-24L-D — 17.0

from the relatively low number of SD’s required for bud formation in SD
aftertreatment as compared to the treatments in series A. _

From such an observation it may be concluded that the sensitivity to inhi-
bition is relatively increased, when preceded by darkness, while it is not neu-
tralized by following darkness.

4.1.8. Discussion. _
Before discussing this section, the relevant observations will be summarized.
(1) Alternation of SD with LD of varying lengths indicates that not al.l non-
inductive daylengths studied were inhibitory, while _the flower inhibiting
effect of non-inductive daylengths increased with increasing daylength.
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(2) Single long days of 13, 134, 14, 144 or 15 hrs intercalated periodically during
SD-treatment did not cause any inhibition, However, by increasing the

number of such LD’s some slight inhibition was evident in isolated cases.

(3) Intercalated LD’s of more than a certain daylength caused inhibition, but
a critical daylength for inhibition was not well defined. The light period

required to inhibit the induction completely increased with increasing numbers

of preceding SD’s.

(4) A period of onc or more days of CL intercalated between two series of SD,
has a positive inhibitory action and is not merely passive.

(5) The inhibitory CL cycles have a marked time-effect when given during the
ron of inductive SD-treatment. The CL manifests its maximum inhibitory

potential primarily prior to the beginning of induction.

(6) An increasing number of consecutive intercalated LD or CL cycles at a
fixed point prior to induction .causes increasing inhibition. This can be

measured, one CL cycle showing far greater inhibitory effect than one LD.

{7) More than two consecutive CL cycles following 10 SD’s, completely erases
the effect of the preceding treatment, so that the flowering processes must be

initiated anew.

(8) When a single inhibitory LD or CL cycle is followed by a long dark period,
their effect is not completely nullified ; a long preceding dark period increases

the sensitivity to inhibition.

LonG (70, 1939) for Biloxi soybean and SCHWARE (91, 1956) for Kalanchoé
have shown that these SDP undergoing alternating SD ‘and LD (16 hrs Light)
treatments remained vegetative over considerable periods of time. In our
experiments where SD alternated with LD of varied light: dark ratio, the
results clearly demonstrated the existence of the inhibitory effects of LD’s of
varied lengths (figure 5, table 15, series A). The degree of inhibition increased
with increasing photoperiod. One striking point which emerged from this experi-
ment is the result that when ‘near-critical’ and certain normally non-inductive day-
lengths were alternated with SD, they became indistinguishable from SD in their
efiects on flowering. This would be expected if the role of the SD’s is to disperse
or reduce the inhibition built up in LD,

However, it should be noted that not all normally non-inductive daylength
cycles came to behave as inductive cycles. Cycles of daylength longer than 16
_ hrs (table 15, series A) not only were non-inductive in themselves, but also

extended their effect to adjacent SD’s, as a result of which flowering was com-~
pletely prevented. Thus non-inductive cycles of various light: dark ratio, alter-
~nated with inductive SD cycles, have either promoting, partially inhibiting or
completely inhibiting effects. Our results are contrary to those of SironI and
Hamner (95, 1962) who with Biloxi soybean found that certain inductive cycles
became inhibitory on alternation with SD. The known influence of endogenous
rhythm in Biloxi soybean probably accounts for such a difference. :
Other investigators, CARR (14, 1955), SCHWABE (91, 1956), WELLENSIEK (106,
1958; 107, 1959) and Evans (28, 1962) have studied various properties of either
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LD (16 hrs light) or CL cycles when intercalated during SD-treatment. How-
ever, none of these investigators applied variation in the length of LD.

From my experiments it follows that not all such LD’s show their inhibitory
influence (expt 16 and 17 p. 25). This provides further evidence for the conclu-
sion already reached in expt 15 (p. 24). This inhibition depends largely on the
length of the light period during the intercalated 1.D, as well as on the number
of such LD cycles. Moreover, inhibitory effects of LD become apparent only
when preceded by SD’s. Since not all intercalated 1LD’s show a non-inductive
effect, it may be that a light period above certain length actively inhibits in-
duction. Such a phenomenon does indeed exist (figure 6). However, the mi-
nimum daylength for inhibitory action of light is not well defined and is a
function of the previous SD-treatment. The maximum inhibition was produced
by intercalated CL periods. o .

Another characteristic of the CL-inhibition isits ‘time-cffect’ (figure 7). For CL
inhibits only a part of the inductive process, namely the preparatory phase, After
this, inhibition either declines or disappears, These results are in harmony with
WELLENSIEK (108, 1960). However, the possibility that CL also acts after induc-
tion must not be ruled out, since THOMAS (99, 1963) has shown that CL - may
have stimulatory effects. A study of cell division (figure 8} indicates a definite
stimulatory effect of intercalated CL on mitotic activity of the apex, suggesting
a premotion of growth, but somehow its effect may be masked and unno-
ticeable on flowering. .

In table 9, 10 and figure 9 we established that inhibition increases- with in-
creasing numbers of LD or CL cycles when such intercalated cycles are given
consecutively after 9, 10 or 11 SD’s. This observation together with the results of
table 11 and 12 allows the conclusion that the capacity to produce inhibitory
effects increased, until after a certain number of intercalated LD or CL cycles,
maximal inhibitory capacity had been reached. With CL such a maximum is.
attained after 3 or 4 cycles and with LD it continues to build up to 7 LD’s which
was the highest number studied. From these results it may be calculated that
a single LD is capable of annulling the inductive effect of 1.3 to 2.5 SD’s.
In case of CL;-the first CL cycle has the greatest inhibiting effect, nullifying
nearly 7.2 SD’s, while 2 or 3 additional CL cycles completely erases the effect of
the SD cycles so far given. This finding failed to confirm that of ScHwaBE (91,
1956, p. 9) working with Kalanchoé, who intercalated an increasing number of
long days (0, 1, 2, 3, 4, 6, 8, 12 and 16) between two consecutive series of 6 Sp’s
and stated “the effect of several long days given consecutively is not cumulative,
the inhibitory effect of one long day being nearly, if not quite, as large as that of
several’, in other words, the inhibitory effect decreased with each additional
long day. The reason why SCHWABE failed to find a cumulative effect of LD’s.
probably lies in the fact that such LD’s were administered after a plant had
already attained a fairly advanced stage of induction. Since interl?ol_ated LD’s
have been shown to be maximally operative prior to induction, it is not sur-
prising that a cumulative effect of such consecutive LD’s was not obse{'ved.
However, it is equally likely that the flowering physiology of Kalanchoé differs
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markedly from that of Salvia. WELLENSIEK (107, 1959) has called attention to
the fact that in Perilla the inhibitive effect of CL periods are cumulative. The
data presented here are in agreement with this result.

The observation with 3 d. CL following 10 SD cycles, repeated sevcral times
(figure 10 and 11), suggests that light inhibition destroys the product of previous
SD’s completely. Combined with the observation in fig. 7 (p. 26) that inhibition
becomes operativeonly after some SD’s, thissupports the conclusion that light ex-
ercises its inhibitory power primarily on the results of the processes of preceding
SD’s. In the meantime Evans (28, 1962, p. 296) has found the same phenomenon
with Rotthoellia, without paying much attention to it. This conclusion is in
disagreement with the conclusions of ScawABE (91, 1956) and WELLENSIEK
(107, 1959). Evidence deduced from tables 13, 14 and 15, where a 24 hrs dark
period following LD or CI. did not neutralize their inhibitory effect, further
suggest that LD or CL acts by destroying the effect of previous induction.

After surveying the results of this section, it is evident that the effects of the
processes taking place during the preparatory phase, are subject to active light
inhibition. It seems likely that during the inhibition of this phase hormone-like
substance(s) are produced. Later in this section we shall show their existence and
discuss where they manifest their action and how they are removed.

'4,2. FACTORS INFLUENCING LIGHT INHIBITION

We have demonstrated in the foregoing section the highly inhibitory effect of
LD or CL. The question arises whether this inhibitory effect can be reduced or
can be made to disappear. To investigate this problem, plant age, light intensity,

light quality, temperature and darkncss were studied in relation to light inhi-
bition.

4.2.1. Age of plants.

Experiment 28. — One to 10 weeks old plants were available at the start of the
SD-treatment as a result of weekly sowing. Plants numbering 250 were selected
for their uniformity and were divided into 5 groups of 50 plants each. Each
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group in turn was represented by 10 different ages of 5 plants each. All groups
were kept in SD simultaneously. One group was kept in uninterrupted SD as
conirol, whereas in the other four groups the SD-treatment was interrupted by
3 d. CL after O, 5, 10 or 15 SD. The results are expressed in figure 12.

It is obvious that in the uninterrupred control group flower buds were initi-
ated almost at the same time, irrespective of plant age. In the 0 SD group the
differences with the control were approximately the same as the duration of the
interruption, hence no inhibition by CL was observed. However, clear-cut inhibi-
tion was evident after 5 SD cycles, increasing when applied after 10 or 15 5D’s,

Since the general trend of all the lines is horizontal, increasing plant age does
not influence the light inhibition.

4.2.2. Light intensity.

Previous studies have shown that an SDP will initiate flowers in LD or even
in CL provided the light intensity is sufficiently low. Such were the results
reported in Perifla, Dt Zreuw (112, 1953; 113, 1954) and in Salvia, MEUER (73,
1959), WeLLENSIEK (108, 1960). In the following four experiments the influence
of light intensity on the light inhibition has been studied.

Experiment 29. ~ In order to determine the effect of continuous light of
different intensities the installation described on p. 9 was used. Plants were
placed at 12 different distances from the vertical white light source. Table 16
summarises the resuits.

TABLE 16, Experiment 29. Effect of uninterrupted continuous light of different intensities on
flower bud formation. Original number five plants per treatment, final number
sometimes four. Duration of the treatment 75 days.

Light intensity Mean number of days Newly formed leaf pairs
in pW/em® to flower bud formation at bud formation
2058 oo 12.0*
1580 56.0 9.2
1378 56.2 94
1020 - 52,6 94
800 49.8 . 7.2
670 45.6 6.2
540 4.7 5.5
380 4.0 - 4.5
369 40.5 .37
xR . 40.0 4.0
292 39.7 3.7
255 319.2 4.0
* after 75 days.

All treatments with the exception of 2038 uW/cm® showed a flowering re-
sponse within the 75 days of the treatment. The fastest Tesporise was found at
and below 369 pW/cm®. The number of newly formed leaf pairs at flower bud
initiation decreased with decreasing intensity.
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In conclusion it can be said that flowering can take place in CL provided the
light intensity is below a certain range.

Experiment 30. ~ As seen from the foregomg expenment high intensity
reduces and low intensity increases induction. The present experiment was
designed to investigate how the CL-inhibition is influenced by the light intensity.
The SD-treatment was interrupted after 10 SD’s for 3 days but with CL of
different intensities. Table 17 shows the results.

TasLe 17. Experiment 30. Effect of interrupting the SD treatment after 10 SD cycles with 3 d.
CL of different intensities. Units of 5 plants per treatment.

Light intensity in - Mean number of days
pW/em? during CL to flower bud formation
Coantrol ) 18.0
2038 ‘ - 208
. 1586 : 25.6
1378 24.6
1020 24.4
800 21.2
669 200
538 20.0
382 20.0
368 ‘ . 200 -
328 . 212
292 20,0
255 . 196 -

These results indicate that the inhibitory power of intercalated CL decreases
with decreasing intensity and is absent at and below 800 pW/cm?.

Experiment 31..— In expt 27 it was found that alternation of single SD with
single CL (intensity 3500 wW/cm?) resulted in complete suppression of flowering.

In the present experiment the intensity during the CL was varied. The results
~ are shown in table 18. :

TaBLE 18. I:j:fpgrf‘me.nr 31. Thc effect of 25 alternations of 1 S and 1 d. CL of different inten-
sities, indicated in column 1. Duration of the treatment 50 days. Units of 5 plants per

treatment.
Intensity during Mean number of days to flower bud formation
CL in pW/cm? R
f during treatment in SD-aftertreatment
Control — 22
2050 —
1380 —_ : %%
800 ' — 9
340 Co 42 o —_
330 : - ) 34 —
25§ 33
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During 50 days of alternating treatment flowering did not occur when the
intensity range during CL was between 2050-800 wW/cm? The extent of inhi-
bition is evident from considering the days required for the appearance of buds
in SD-after treatment. However, when a SD cycle was alternated with CL with
intensity lower than 800 . W/cm? flowering took place during the treatment, the
faster the Tower the intensity. ‘

It is clear, therefore, that the effect of a single SD is completely lost in an
ensuing period of CL of high intensity, but there is only partial loss in its
effectiveness with low intensity light.

Experiment 32. — Groups of 5, 10 or 15 SD’s were alternated with 1 d. CL
of different intensities. The alternations were given 6 X, 3 X or 2X respectively,
so that in all treatments 30 SD were involved. The further treatment consisted of
SD. The light intensities during CL are indicated in table 19.

TABLE 19. Experiment 32. The effect of alternating 5, 10 or 15 SD with 1 day continuous light
of different intensities (column 1), 6 X, 3 % or 2 X respectively, followed by S and
expressed as mean nurnber of days to flower bud formation. Units of 5 plants per

" treatment.
ti ith
Intensity in WW/em? Alternation wi
of CL control 58D(6x) I0SD@3x) 158D@2x)
29 )

2050 61 56 33

1370 ) 40 P 3
800 ‘ 60 42 33
538 53 39 33
328 49 39 31
255 44 37 30

As expected, these results indicate that CL exerts its inhibitory action only
after 5 or 10 SD’s and has very little or practically no inhibitory action after
15 SD’s. However, the inhibitions were higher after 5 SD cycles than after 10
SD eycles. This might well be due to the division of 30 SD cycles into smaller
* sub-units and the increased number of CL exposures, namely 6 as compared to
3in 10 SD treatment. S
From this and the foregoing experiments it may be concluded that the effect
of a single or a group of SD’s in alternation with a single CL‘ is markedly
influenced by the light intensity during the non-inductive CL periods.

4.2.3. Light quality. . o B
Experiment 33. — The data presented in this experiment were originally
obtained by WELLENSIEK (unpublished) and have been put at my disposal. The
experimental procedure described for Perilla, WELLENS.IEK (107, 1959) also
applies here, In short, the influence of different light quality or wavelengths on
the inhibitory effect of CL was studicd. After 10 S]_)_ cycles the pla:}ts were
exposed to 4 days of continous light of different qualities and were maintained
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afterwards in SD. The results are expressed in table 20 in order of decreasing
inhibition by a given light source.

TanLs 20. Experiment 33. Effect of interrupting the SD treatment after 10 SD with 4 days of
continuous light of different qualities. Units of 12 plants per treatment. IL = in-
candescent. TL = fluorescent.

Mean number of

. Light intensity in Inhibition
Light source , days to flower .
£ @wW/cm? during CL bud formation in days
controls — 29 —
ATL 4210 2281 43 10
Red + infrared 1800 43 10
2IL75W 527 42 9
Red (- infrared) 1800 41 8
Green 1750 49 7
Blue 1500 39 6
3 TL 40 W/29 2068 39 6
White 1500 37 4
Infrared . 900 36 3

It is obvious that all light colours administered during 4d. CL either indivi-
dually or in combination were inhibitory, irrespective of the marked differences
in their intensity. Stated in another way, no monochromatic light was found
which was not inhibiting.

One striking point is noticeable, namely the slight inhibition by infra-red.
Since photosynthesis is negligible in infra-red, these results would eliminate the
possibility of an exclusive role of assimilates in light inhibition.

4.2.4. Temperature.

Experiments designed to test the effect of high and low temperatures on the
inhibitory action of intercalated CL were performed.

Experiment 34. — The SD-treatment (20°C) was interrupted during 2 days
with CL at either 20°C or 10°C. The results are expressed in figure 13.

The results indicate that only CL interruptions at 20°C are highly inhibitory
with a curve which is similar to figure 7. However, at the low temperature
interruption of 10°C, the inhibitory power of CL wascompletely prevented. In
the flat curve at 10°C the points lie either at or below the control point. This
means that CL interruptions at 10°C do not suspend, but actually participate in
the photoperiodical reactions. Similar results were obtained with 5°C.

Experiment 35. — In this experiment the effect of [, 2 or 3 CL cycles given
after 10 SD’s but accompanied by temperatures of 30°C or 35°C was studied.
Table 21 shows the results,

It is seen that CL-inhibition at 30° or 35°C remains essentially at the level of
20°C as was found in expt 33.

However, one point should be emphasized, namely that the capacity of CL
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to inhibit completely the effect of the preceding 10 SD cycles was already
reached after 1 d. CL at 30° or 35°C. This can easily be calculated from table
21 by subtracting 10 SD plus the duration of the CL-interruption from the final
values. This results in a value which does not differ from the control. To obtain
similar effects at 20°C, 2 or 3 CL cycles were needed as was demonstrated in

figure 9.

TABLE 21, Experiment 35. The effect of interrupting the SD treatment after 10 SD by 1, 2 or 3
days CL at temperatures of 30°C or 35°C. Five plants per trcatment.

Duration of . .
interruption Temperature during interruption
control 30°C 35°C
0 d. CL (control) 22 — —
1d.CL 326 32.0
24.CL : 34.2 33.8
3d.CL 352 352

Experiment 36. — The effect of low temperature following tl{e high temperature
. during CL was studied to determine whether or not the inhibition can be ncu-

TABLE 22. Experiment 36, The effect of interrupting the SD-treatment affer 10 SD h{, 2 days
of continuous light at 20°C and 0, 1, 2 —— 7 days of continuous light at 10°C.

Duration of CL at 10°C

Number of days to flower
bud formation

Control

N RN =
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tralised. The plants were subjected to the following schedule: 10 SD -2 d.
CL (20°C) - 1 to 7 d. CL (10°C) — SD. The results are shown in table 22.

The results are negative. This lack of effect of 10°C involves that the entire
process has to restart after the interruption. This implies that 2 d. CL (20°C)
work on the preceding SID’s. However, the function of low temperature subse-
quent to the second SD-treatment is evident: since the resultant values.are
constant, the number of SD’s at 20°C necessary for bud formation was found to
decrease with increasing duration of low temperature CL cycles. Hence, during
the CL cycles at low temperature an inductive action takes place.

Experiment 37. — The present experiment is similar to expt 36, but reversed,
namely the effect of high temperature following the low temperature during
CL was studied. The results are shown in table 23,

TasLe 23. Experiment 37. The effect of interrupting the SD treatment after 10 SD by 2 days of
continuous light at 20°C and 0, 1, 2 —— 7 days of continuous light at 20°C.

Duration of CL at 20°C - Num‘::ii dott"o(xi'amy;t'i;g Ifl ower

Control - 19

B
1]
V=]

During a 2 d. CL (10°C) interruption - 0 d. CL at 20° — flowering was not
inhibited. However, 1 cycle of CL at 20°C resulted in a slight inhibition, whereas
2 or more CL-cycles gave maximal inhibition. _ '

_ The results obtained in this section can be summarised very briefly as follows:
high tempetarures, 20°, 30° and 35°C, all favour the inhibitory action with a

§0mewhat greater effect of 30° and 35°. Low temperatures, 5° and 10°C, prevent
inhibition completely. . .

4.2.5. Darkness.

In‘ this section the.effects of complete dark periods of various duration were
st‘udled fr.om two mffefent angles: (a) when such periods preceded or were
given dunr‘xg the inductive SD cycles, (b) when they preceded or followed the
inhibitory intercalated CL cycles. ‘ ‘

Experiment 38. - The influences of 1 to 7 days of darkness following the nor-
mal LD pretreatment but preceding the inductive SD-treatment were studied.
Table 24 shows the results. ' .

It is seen that increasing the duration of dark periods prior to the SD-treat-
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TABLE 24. Experiment 38. The effect of increasing duration of continuous dark (D), given
before the SD-treatment. Units of 5 planis per treatment,

Duration of Darkness Mean number of SD for

flower bud formation
Control 22.6
1d. 21.0
24. : 20.0°
34 18.8
4d. : 17.6
5d. 17.0
6d 17.0
7d. . 173

ment decreases the number of subsequent SD’s necessary to initiate flower buds
upto 5 d. D. After.this the effect remains constant as the dark periods are
extended.

It should be noted that heavy shedding of leaves took place in plants which
received 6 or 7 days of total darkness.

The promotive effect of darkness offers the following possibilities: (a) con-
siderable reduction in the inhibitory level arisen during the LD pretreatment,
(b) a direct participation in the act of induction, (c) or both.

" Experiment 39. — In an attempt to assign the role of darkness more clearly,
the SD-treatment was interrupted by 2 d. D at 2 days interval. In this manner
plant groups were available which had received SD’s ranging from 0 SD till
24 SD¥s. There were 5 plants per treatment.

The results are that all treated groups had visible flower buds after 20 days as
compared to 21 days in SD control. . _ )

This difference is too small and uncertain to draw any definite conclusion.
In the next experiment darkness of longer duration has been given. ‘

Experiment 40, - The role of increasing duration of dark periods when given
after 10 SD cycles was investigated. Table 25 shows the results.

TABLE 25. Experiment 40, The effect of interrupting the SD-treatment after 10 8D with dark-
ness of various duration. Five plants per treatment. .

Mean number of days to

Number of darks periods flower bud formation
Control ) 226
220
1d. 234
24d.
44d.
5 d. 25.3
’ 0
4. - 28,

Up to 3 days darkness the values remain approximately consta_nt. This pl_celans
that this darkness has had a similar effect as SD and hence promoted the induc-
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tion. Soon after, the effect of darkness slowly declines as the dark periods are
extended, probably on account of weakening the plants.

Experiment 41. — The present experiment was devised to test the effect of a
dark period of various lengths preceding the 3 d. CL interruption. The experi-
mental scheme was as follows: 10 SD — 0 to 7 d. D~ 3 d. CL — SD. The results
are presented in table 26.

TABLE 26. Experiment 41. The effect of interrupting the SD-treatment after 10 SD by 0, 1, 2,
— 7days of darkness and 3 days of continuous light. Five plants per treatment.

. . Mean number of days to
Duration of darkness in days flower bud formation
Control 22,6
0d. 16
id. 35
24, a5
3d. 36
4d. 37
5d. 37
6d. 37
7d. 38

According to expectation, 3 d. CL exert a marked inhibition when preceded
by 0 d. D. As the duration of the preceding dark periods was increased, the
effectiveness of the 3 d. CL remained on the same level.

Expgrin.te{zt‘ 42. - An experiment designed to test the possibility of the removal
of CL-inhibition by subsequent long periods of darkness was implemented. The
usual 10 SD -2 d. CL treatment was followed by 0, 24, 48, 56, 64, 72, 80, 88,
96, 104 or 112 hours of total darkness. Aftertreatment consisted of SD. There
were 5 plants per treatment.

The results are negative. All treated groups initiated flower buds in 30-31 days
as compared to 19 days in SD control.

It may be concluded that the inhibitory effect of 2 d. CL is not removed by
following prolonged dark periods.

Experiment 43. — The experiment just described was repeated in a more
extensive way After having received 10 SD’s, the plants were exposed to either
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1, 2 or 3 CL. Each CL-interruption in turn was followed by 0 to 7 d. D. After-
treatment consisted of SD. Figure 14 summarizes the results.

As expected, the inhibitory action of CL-interruption increases with incre-
asing CL cycles, as is shown at the point ‘¢’ on the abscissa. However, when
1to 7 d. D follow I, 2 or 3 CL cycles, it is seen that the resultant value lie
horizontally and at the level of approximately 0 d. D, This would indicate that
the inhibitory effect of intercalated CL, irrespective of its duration, is not counter-
acted or faded out by a following dark period upto 168 hours, or 7 days, duration.

" 4.3. EFFECT OF INTERRUPTIONS DURING THE LIGHT AND DARK PERIODS

The present section embraces both the effects of dark breaks in intercalated
CL and of light breaks in inductive dark periods.

4.3.1. Effect of dark interruption during Hght.

The object of the following two experiments was to see whether one or more
dark-breaks, when given during the intercalated CL, reduce its inhibitive
effect,

Experiment 44. — Plants which had received 5 or 10 SD’s were exposed to 1 d. CL
and were placed back in SD. During this single CL cycle, a single dark-break of

TABLE 27. Experiment 44. Eitect of dark-break of 4 hours duration given at various times duting
1 d. CL, which is administered after 5 ot 10 SD cycles, on the effectiveness of CL-
inhibilion and expressed as mean number of days to flower bud formation. The
light period is represented by the empty bar and the dark period by the solid bar.

INTERRVPTIOMN AFTER
CONTRCL (N SD=2L2 £5D 10 5D

lzec CONTROL | =250 26.2
——io = ] =240 260
' LS { 240 256
6L 1 210 260
CT— T o 26
L R - | 240 26.0
toy . NE 1 240 26.0
Ley — I - ] 240 280

oL T -c o
3 4 H 8 o e i L A

HGURS .
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4 hrs duration was inserted, but at various times, In this way the CL period was
divided into two parts, usually of different lengths. The effect is shown in table
27, - : : e )

A single dark interruption-of 4 hrs given during intercalated CL, irrespective
of its position, was found to be ineffective in reducing the light inhibition. Hence
the results are negative, ‘ T ‘ - .

Experiment 45. — In this experiment the effect of the frequency of the dark
period within 1 d. CL was investigated. One, two, three or four dark-breaks,
each of 4 hrs duration were inserted during 1 d. CL. The proportion of light
and the frequency of dark periods are shown in table 28.

TABLE 28. Experiment 45. Effect of one or more dark-breaks of 4 hours duration during 1d.
CL, which is administered after 5 or 10 SD cycles, on the effectiveness of CL-inhi-
bition. For the rest see legend 'of table 27. '

INTERRUPTION AFTER

. CONTRGL IN D = 210 550 . 108D
{240 CONTROL ~ ] 250 280
] 240 26.0
23.0 26.0
21.4 2a.2
212 22.0
21,0 2.0
o 2 s g 1o 12 1 ||6 18 zlo' 22 ' 24

HOURS

.It _is clear from t.he'se results that by increasing the number of dark-breaks
within 1 d. CL, the inhibition considerably decreases and disappears completely
when replaced by 1 d. D. - T

In short, it can be concluded that the inhibition of flowering is to a certain

gcient proportional to the amount of light given within 24 hrs of intercalated

4.3.2. Effect of light interruption during dark. .-
The prevention of flowering in SDP can be obtaine;i by givi i
revel ! flowe . ' Y giving a relatively
short daily light-break in the middle of the inductive dark period, as was first
reported by HAIyINER and BoNNER (37, 1938) in Xanthium. Thus the importance
of the dciark Fenod was revealed. Since then this phenomenon was studied in
greater detail in many piants by numerous investigators. In Salvia occidentalis
MEI.JER (72, 1957; 74, 1960) cqncluded that long-day cffect by daily night-breaks
during SD depend!? 'qn:the ll_gl:lt quality and the intensity of the main light
per}od, anfi the position of the light-break during the night. SCHWABE (91. 1956)
mainly using Kalanchos, compared the eff; ,

I ‘ ‘ ects of occasional nightbreaks and
Intercalated LD and found both.to have similar inhibiting effectf.hWELLENSIEK
48

Meded. Landbouwhogeschool Wageningen 64-12 (1964)



(107, 1959} periodically interrupted the dark period of an SD-treatment and
found a similar trend in Perilla, although the quantitative night breaks had
much weaker effects than intercalated CL periods.

The main aim of the following experiment has been to establish whether
short occasional light-breaks have comparable inhibitive power as long periods
of intercalated CL, as used in the preceding experiments, Before describing the
experiments, it should be mentioned that in preliminary observations 1 or 2 hrs
of white fluorescent light interruptions during the long light were hardly effective
in preventing flowering, Therefore, 4 hrs. light-break -have been employed
throughout. : : :

Experiment 46. — The effects of a single light break, periodically given in the
middle of the dark period of the SD-treatment at 2 days interval were studied.
For the sake of convenience the timing of the SD-treatment was altered. It
consisted of 8 hrs of TL light of 2700 xW/cm? intensity from 0.30 a.m. to
8.30 a.m., followed by 16 hrs darkness from 8.30 a.m. to 0.30 a.m. With intervals
of 2 days groups of 5 plants were transferred from LD into SD, so that after
18 SD’s plants were available which had received 0, 2, 4 ---- 18 SD’s. All
these plant groups received a single light break of 2700 xW/cm? from 2.30 p.m.
t0 6.30 p.m. simultaneously. Immediately after the breaks, the plants were kept
in the darkness to follow the SD routine. The results are summarized in figure
15, ‘ :

25 4 hours light

[=]

g . interruplion

E 24

E

9

: 5 33

"ok
Fi6. 15. Experiment 46. » 3

) . I g 3

Effect of a night inter- & 2
fuption, given at various &
times during the SD- ] =
treatment, with 4 hours = . : L L L L e
of light-break in the = 20 :) ; “ 5 8 10 1z 14 16 18
middleof the dark period. _ INTERRUPTION AFTER----50

A light break after 0 or 2 SD’s showed a tendency towards a slight inhibitive
effect. The inhibition increased, showing a peak after 10 SD’s and then gr adually
dropped. : S ; o . )
~ From figure 15 it is seen that the inhibition obtained by a 4 hrs 11_81_“1_ break is

to a certain extent similar to one of CL (expt 19 on p. 26). The inhibitive effect
of a light break is quantitatively smaller, but again the peak at 10 Sp is stnlfmg.

Experiment 47, — The effects of a single light break given at qlﬂ‘erent tines
during the 5th, 10th or 15th night of an SD-ireatment were ?nvesugated. Plz'ults
were given ordinary SD-treatment with natural daylight. White fluorescent Ilgh';
of intensity 3500 WW/cm? was given during the light-break. The experimenta
design and the results are plotted in figure 16. o ) .

- This experiment shows that a night-break inhibition 13 especially evident
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21 FIG. 16. Experiment 47. Effect of 4
R hours light-break given at
2c d 0 . -
) N various times during the 5ih,
M F 4 HOURS UGHT INTERRURTION DURING THE .16 .
Lo:u: DARK PERIOD 10th or 15th night.

during the 5th or 10th night. This is principally similar to the results of expt 46,

It is also seen that single night-break given at the beginning or the end of the
dark period are either less effective or not so at all. They are most ¢ffective near
the middle of the night. It is quite striking to see that one light-break in the
middle of the 5th night inhibits the flowering by 3 days and when given during
the 10th night by 6 days.

Experiment 48. — The cffects of light-breaks in the middle of dark periods of
the inductive SD-treatment during 5th, 5th and 10th, and 5th, 10th and 15th
nights were investigated. The experimental conditions were similar to expt 45.
The results are summarized in table 29,

TaBLE 29. Experiment 48, Effect of light-breaks of 4 hours duration given in the middle of the
5th night, 5th and 10th night, 5th, 10th and 15th night. Units of 5 plants per treat-

ment.
. . Mean number of days Difference with
Light-break during - -- to flower bud formation contrel
Control 23.0 —
Sth night 24.2 1.2
5th and 10th night 280 50
5th, 10th and 15th night 32.0 2.0

It is clear that when light-breaks are given at an interval of five nights, the
effectivity of their inhibitive action invariably increases during an increasing
number of exposures, -

_The delay of only 1 day by a single break during the 5th night is different
.from a similar treatment in expt 47, resulting in a delay of 3 days. This difference
might be attributed to the light source during the light period of the normal
SD-treatment. In the present experiment this was TL and in expt 47 it was natural
daylight.

Expef_'imem 49. — This experiment was set up to obtain data permitting a
comparison with CL-inhibition, as reported in preceding experiments. Plants
first received 8, 9, 10, 11, 12 or 13 uninterrupted SD’s, followed by 3 consecutive
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light-breaks in the middle of the dark period of subsequent SD’s. For instance,
after 8 SD’s the following Sth, 10th and [1th night each received a 4 hrs light-
break of intensity 3500 pW/cm? in the middle. After the breaks normal SD
followed.

The control had visible flower buds after 21.6 days. The interrupted groups
needed 7.4 to 8.8 more days.

From these results it must be concluded that the annulling capacity of short
night-breaks is qualitatively similar to that of intercalated CL, as found e.g. in
expt 19. This would also suggest that the night-breaks influence the effect of the
preceding SD’s instead of those which immediately follow them.

The striking features of the experiments reported in this section are: (1)
Increasing dark-breaks during intercalated CL considerably reduce the CL-
inhibition. (2) Occasional short light-breaks during dark periods are similar in
effect to long intercalated CL periods in their inhibitive effects.

4.4, TRANSLOCATION OF THE INHIBITORY EFFECT OF LIGHT

Many instances of specific and non-specific effects of non-inductive conditions
are known in SDP. A few examples will serve to illustrate the type of specificity,
ie. the production of flower-inhibiting substance(s), as demonstrated by the
supporters of the flower inhibition hypothesis (p. 6): (a) Total defoliation may
cause flowering under long-day conditions, so that the removal of the source of
the inhibitor is sufficient for flower formation (101). (b) Fractional induction
studies have shown the production of inhibitory substances under non-ix.ldpc'ti've
conditions (91, 106, 107). (c) Grafting experiments indicate the transmissibility
of such substances in donor/receptor plants, just as defoliation experimf:n}ts (8(?,
86). On the other hand, the inhibitory action of non-inductive conditions 1
claimed by the supporters of the floral hormone hypothesis (p. 4) only as a
nron-specific one. They raise the following objections: (a) There isno proiiuctlon .
of flower-promoting substances in long-days, hence there is no flowering. (b)
The principal argument is that the inhibitory effects of non-induced leaves arc
limited to leaves located between the source of floral stimulus an‘d the respon-
dingapex (39, 41, 110).'LANG (56, 1952, p. 288) stated “This very action, hqwever,
can be accounted for in terms of translocation and is thus the least specific one
that could be imagined’. He further comments on the same page ‘these (?ﬁ”ects
seem to be directed, not against their functioning, but against the formation of
flower-promoting substances’.

It is conceivable that the supporters of the
the existence of flower-inhibiting substances; they suggest
favour of transmissible inhibiting substances is poor and equl'vocal. ) -

In the course of the present investigation, much of the evidence in the lf'orcci
Boing sections concerning the inhibitory effects of non-inductive interca ate
CL was collected while working with whole plants. However, no attention was
Paid to the ultimate fate of the Cl-induced inhibitory effect. Therefore, the
Possibility of transmitting such an effect was tested, using a selective dcfoya-

tion technique,

flower hormone hypothesis del?y
t that evidence in
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4.4.1. Single-branched plants.

Experiment 50. — The aim of this experiment was to determine the site of
action of the inhibitory intercalated CL, whether in the leaves or in the apex.
The plants were defoliated except for one expanded leaf pair on the 5th node
and the youngest leaves enclosing the apex. These defoliated plants received an
SD-treatment. After 9, 10 or 11 SD’s either the expanded leaf pair or the apex
with unfolded leaves was exposed to 3 d. CL. The newly formed leaves and
axillary buds were continually removed before and during the treatment. Five
plants per treatment were used, The defoliation patterns and the results are
illustrated in figure 17. :

238

FiG. 17. Experiment 50. Effect of intercalated 3 d. CL,
given either to leaf or apex, on the localiza-
tion of CL action.

SR

[
te and Y = leaves and apex with
youngest unfoided lea-
ves always in 8D,

K> and Q-%O = leaves and apex with
youngest unfolded lea-
ves in SD, but ex-

posed to 3 d. CL after 9, 10 or 11 SD and

' 258
jf
34.6 treated with SD afterwards.
3 I% 3

SR

25.4 25.8
T 10 3
23.2 - 334
Figures on the /eft of the Ieaf pair or apex
s a i are the mumber of SD cycles given bhefore
CL, and on the right the number of CL

cycles.
Figures at the top of the plants: average

numbers of days for the formation of
macroscopically visible flower buds.

(o]

g

It is clear that an inhibitory effect of intercalated CL was rather slight when
administered during the SD-inductive treatment of the apex. A considerably
stronger effect was evident when a similar treatment was accorded to the leaves.

On the basis of these data, it may be safely concluded that the main site of
perception of the inhibitory intercalated CL are the leaves and not the apex.

E‘x‘periment J1. — The object of the present experiment was to study the
position-effect of a single period (1 day) of intercalated CL given after 5, 10 or
15 SD’s to either the apical or basal half of a single leaf. The treated leaf was on
the Sth node. The apex was always maintained in SD. Five replicates per treat-
ment_were used. The results are illustrated in figure 18,

It is seen that the inhibitory influence of intercalated CL was very marked
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22.6 220

27.2

28.8

Fic. 18. Experiment 5!. The effect of
the position of CL-inhibition
in the leaves. The dark por-
tion of the leaf always received
SD, whereas the empty portion
received 1 d. CL after 5, 10 or
15 SD’s, and was -either
retained or immediately re-
moved after 1 d. CL. After- - 2
treatment consisted of SD’s. 236 228 , 22.

v~ = portion of the leaf -
removed immedia-
tely after CL treat-
meng.

For the rest see the legend of
figure 17.

after 5 or 10 SD’s, irrespective of its apical or basal position within a smf%le
leaf. However, when the apical half of the leaf was removed immediately after
1d. CL in the case of both 5 and 10 SD’s, the inhibition was strongly suppres-
sed, though not rendered completely ineffective. -

Two possibilities offer themspelvesyas an explapation. During CL treatment Of‘
the apical half an inhibitor is released which passes throqgh the S.D-b}i;{‘l‘lt?l't 1(:
the same leaf, thereby exerting its effect at the apex, without _d“.tu,r g Ide
SD-action in the basal half, The alternative seems to be th'at the 11_1h1b1tor cou "
partially destroy the effect of the SD in the basal part while moving through i
and thus could produce the final delay. '

53
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Since it does not seem casy to separate these effects in such single leaf expe-
riments, this problem was further studied in schemes with 2 or 3 leaf pairs and
with intact plants. '

Experiment 52. — This experiment was conducted to study whether the leaves
undergoing a non-inductivetreatment below theinducedleaves,could be shown to
be inhibitory. Plants were defoliated in such a manner that only two leaf pairs
were left on the 3rd and 5th nodes, hence in the same rank. The upper leaf pair
together with the apex was always kept in SD, whereas the lower leaf pair re-
ceived one of two different treatments: either 13 d. CL, after which the entire
plantreceived SD, or 10 SD-3 d. CL-SD. In both cases the lower leaf pair was
either retained or removed immediately after the CL treatment. The results are
depicted in figure 19,

238 23.6
24.2 24.8
o%ra OSBHES 13
29.8 30.8
IO%:‘I 1032333

Fig. 19. Experiment 52. Two leaf pairs and CL-inhibition. I-Q == leaves exposed to either

13 days CL or 3 days of CL after 10 SD’s, removed immediately after CL-treatment.
For the rest see the legend of figure 17,

‘The_ results clearly demonstrate that leaves which received continuous illu-
{nm.apon for 13 days, but were below the SD leaves, showed no ability to
inhibit ﬁower bud formation, when either retained or removed. When the lower
leaf pair was exposed to 10 SD - 3 d. CL - SD, a marked inhibitory response
was produced. This was also the case when the CL-inhibited leaf was removed
immediately after 3 d. CL. :

T.hus flower inhibition by continuous illumination of the lower leaves was not
achieved unless such treatment was preceded by 10 periods of SD’s.
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It is to be concluded that inhibition of flowering is possible by leaves which
are situated well below the SD leaves after treating them with 10 SD and 3 d. CL.

Experiment 53. — The experimental design was similar to that of expt 52, save
that the lower leaf pair received one of the following two treatments: 10 SD —
3d.CL-8D or 10 SD -3 d. CL-10 SD -3 d. CL - SD. The lower leaves
were either retained or.immediately cut-off after the final CL-treatment. Units
of 5 plants per treatment were taken. The results are given in figure 20.
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FiG6. 20. Experiment 53. Effect of intercalated 3 d. CL given once or twice to the lower leaf pair.
For the rest see the legend of figure 17.

It is obvious that intercalated 3 d. CL after 10 SD’, given once to the .lo\‘ver
leaves, showed again a strong inhibitory effect. However, by giving a similar
treatment twice to the lower leaves, the inhibitory effect was increased, though
not proportionally. .

Experiment 54. - The transmission of “floral inhibitor’ in a three-ieaf-pfur
defoliation pattern was studied. The upper and the Jower leaves together with
the responding apex received SD’s, whereas the middle leaf pair recewt?d 3d.
CL after 9, 10 or 11 $D’s. Once again the CL-inhibited leaf was eithe}'retamed or
femoved immediately after CL, as shown together with the results, in ﬁgU{'ﬁ?L
. Once again the results (top row) demonstrate the generation of an mhll?lto,r
M the CL-inhibited leaf, situated well below the terminal bud and one pair Pf
the 8D leaves. From the bottom row it seems that ‘inhibitor” migrates from its
Site of origin towards the apex, soon after its production.
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Fig. 21. Experiment 54. Three-leaf-pair scheme and the effect of removal of CL-inhibited leaf
immediately after CL-treatment,
For the rest see the legend of figure 17.

Experiment 55. — This experiment was similar with expt 53 except that the
area of the middle leaf pair was reduced gradually. Five plants per treatment were
taken. The results obtained are represented in figure 22.

312 30.2 294 24.6

FiG. 22. Experiment 55. Effect of CL-inhibited leaf area. Middie leaf pair showing different

areas from 1009, (17 om?), 75%, 50%, 25%, leaf petiole and 0%, which were ex-
posed to 3 d. CL after 10 8D,

For the rest see the legend of figure 17.

As the leaf area of the middle leaf pair was reduced, the inhibitory effect of
the treatment was decreased. This decrease, however, was not proportional, and
the presence of just a petiole with only a small parenchymatous tissue was
sufficient to produce a marked inhibition.

After demonstrating the transmission of floral inhibitor in the selective
defoliation experiments just described, the question is now raised whether
similar effects are attainable with intact plants,

Experiment 56. — The treatment involved intact plants with six leaf pairs. The
plants were treated so that 1, 2, 3, 4 or 5 leaf pairs (base upwards) received 3 d.
CL after 10 SD’s, while the remainder of the plant received continuous SD.

After this treatment the plants received SD. Five plants per treatment were
taken. Figure 23 shows the results,
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Fig. 23, Experiment 56. Effect of exposing increasing numbers of leaf pafrs to intercalated
3 d. CL after 10 SD in intact plants. For the rest sce the legend of figure 17,

These results reveal two interesting facts. Firstly, a close correlation exists
between CL-inhibition and the leaf area exposed to 3 d. CL after 10 8D, the
inhibition invariably increasing with increasing leaf surface exposed. Secondly,
the presence of one or more inhibited leaf pairs, below the SD leaves, has a
marked capacity to inhibit flower bud formation. This was further studied in
the following experiment.

Experiment 57. — Plants having six leaf pairs were treated so that the upper
threeleaf pairs together with the terminal apex were always kept in SD. The lower
three leaf pairs received either 13 CL cycles — SD or 10 SD - 3 d. CL - SD.

220 34.6 356
o iz o) 3
o 1310 3
o 13 10 3
o 13 10 3
o) 13 10 3
o 1310 3
o 12 10 3
228 226

Fic. 24. Experiment 57. Intact plant and transmissibility of the CL-inhibition.
For the rest see the legend of figure;17.
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Tn certain cases the CL-leaves were removed. Units of 5 plants per treatment
were taken, The results are illustrated in figure 24.

From the results in the top row, similarity between 13 CL and 10 SD - 3 d.
CL treatment was evident. As expected, in both cases flowering was delayed as
compared to the SD control. The middle row presents interesting results. When
the lower leaves were treated with 13 CL, while the upper leaves simultancously
received SD, no translocation of the inhibitory influence from the non-induced
leaves was observed, same as expt 52, figure 19. This was the case when such
laaves were either retained or removed. However, it is interesting to note that
removal of the upper SD leaves after 13 days, resulted in the appearance of
flower buds with only 2 days difference with the SD contirol. This means that the
product of 13 SD cycles has transmissible properties, resulting in a qualitative
change at the apex, but top leaves not removed. The bottom row shows that
when the lower leaves were exposed to 3 d. CL after 10 SD’s, a clear-cut inhi-
bitory effect of CL was evident. This was also the case when such leaves were
immediately removed after 3 d. CL treatment, suggesting that an ‘inhibitor” has
rapidly been transported in the upward direction.

In conclusion, it may be said that the release of an ‘inhibitor’ by CL cycles is
conditioned by the necessity, that CL periods are preceded by SD cycles. This
is the same conclusion as was reached in expt 52 with partly defoliated plants.

4.4.2. Differential treatment of leaves in a two-leaf-pair scheme.

Two possibilities have already been discarded in the foregoing section, namely
the non-interference by non-inductive leaves with either the production of a
floral stimulus in the SD-treated leaves or with its translocation.

An equally interesting feature of the floral inhibitor, hitherto given less
attention, is its activity after it is released from the CL-inhibited leaves. The
following experiment throws some light on this aspect.

Experiment 58. — In a two-leaf-pair scheme the upper and the lower leaf
pairs were differentially treated, figure 25.

The first row (controls) conforms former results (figure 19). In the second row
it is seen that maximum release of an inhibitor from the lower leaf pair gives a
delay of about 12-14 days in treatments 7, 8 and 9 when the upper leaves had
already received 10, 11 or §2 SD’s respectively. This delaying effect was consi-
derably suppressed in the treatment 10, i.e. when the upper leaf received 13 SD’s.
This is certainly an effect of the inducing influence of the upper leaf pair in SD.
Apparently the inhibitor can only effectively express itself before the apex is
being changed by the arrival of enough stimulus from the induced upper leaf
pair. Comparing the results of this row with the third one, we see similar re-
§ult§, _thus showing that the presence or absence of the leaves after the maximum
inhibitor was released, is of little importance for the final results.

In th‘e fourth row the upper leaf pair was removed after 10, 11, 12 or 13 SD
respectively, while the supply of the inhibitor was continued. Flowering was
completely suppressed in all the cases. This is to be expected because, firstly, the
source of stimulus supply was removed, hence the apex had to depend on the
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FiG. 25. Experiment 58, Dif- 232 234 212 s IR
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supplies from the lower leaf pair. Secondly, the inductive processesin the lo;;er
leaf pair are completely reversed by 10 SD ~ 3 d. CL (p- 31, compare exptf h)
. So flowering takes place after 9326 SD of the second SD-treatment of the
lower leaf pair. _ .

Judging It?rom these recorded effects, it is to be conc_::l.uded that morpl}ogenetlc
changes at the apex are regulated through a competitive system, that is to s?y,
compstition between the flower-inhibiting and ﬂower-prc-amfnt{ng subfstan(?? s{,
both arising in the leaves and acting at the apex. If the ltl].‘]l.blt()l' arn\;es g; .;
it delays flowering and thus promotes processes of vegetative characta er. The
dominating role of this inhibition at the apex is disappearing at.'ter a certain e
so that the stimulus can express it self. Then only the flowering can norm y
proceed.

356

3Ci-10 50-3CL-80

4.4.3. Discussion. , i site

In the foregoing section results of expt 50 demonstrate clearly thatt ebmgr !
of the perception of light inhibition is the Jeaf and not the apex. It }naﬁ( eﬂ‘ecgts "
that considerable delay in flowering can be due to the reversal of t dep o
the processes leading to induction in the leaves, as already sugges?? H:ls_‘;‘l Hibie
4.1.7 (p. 31). However, this alternative does not_account for the profoun t1 o
tory effect of subjecting the fower leaves to intercalated CL—treatl:nen iil o
between two groups of SD-treatment, while the upper leaves togzc(;c °gi‘:;w the
apex are always maintained in uninterrupted SD's (figure 19, 20).
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CL-inhibited leaves were well below those in SD, their inhibitory effect is
unlikely to be due to the role of a ‘sink’ which dissipates the stimulus in it,
HARDER (39, 1948), HARDER et al (41, 1949) and LANG (56, 1952). Nor would it
interfere with the formation of the stimulus and its translocation in the upper
leaves, for only those leaves, exposed to SD will supply both the stimulus
(ZFEVAART, 114, 1958) and assimilates, CHAILAKHYAN and BUTENKOG (18, 1957,
p. 435, fig. 12). This inhibitory effect is more likely to be due to the production
of transmissible inhibitory substance(s).

Evidence supporting a direct translocation of the inhibitor produced in the
CL-inhibited leaves to the apex is provided by the results in figure 19, where
presence or removal of the CL-inhibited leaf suggests the migration of the inhi-
bitor from the leaves to the apex. This would mean that the inhibiting action of
light is not localized within the leaves only and is thus transmissible. This
inhibitor has the characteristics of a hormone as described by TUKEY ef o (102,
1954), These results are best interpreted on the assumption that the inhibitor
probably interferes with the functioning of the stimulus at the apex. The
dominating role of this inhibition at the apex disappears after a certain time as a
result of a proper light: dark ratio which enables the stimulus to express itself.
Only then the flowering processes can normally proceed.

Evidence in favour of a transmissible inhibitor has also been produced by
GUTTRIDGE (33, 1959) in two strawberry runner plants, joined by the stolon and
acting as donor/receptor units. Long photoperiods or a light break treatment on
the donor plant promote vegetative growth and inhibit flowering in the receptor
in SD’s. The response of the receptor plants was increased by exposing the donor
plants to 3 more hrs of illumination than the receptor. These results suggest the
translocation of the flower inhibiting substance, together with the movement of
assimilates.

The present author (3} has collected evidence with Perilla which is similar in
many respects to Salvia. Resuits reported in the present section regarding the
transmissible nature of flower inhibitor are in conformity with those of Evans
(28, 1962) in Rottboellia. The importance of inhibiting substances has also been
demonstrated in LDP such as Lolium, Evans (27, 1960) and even in day-neutral
peas, SPRENT and BARBER (96, 1957), HAUPT (42, 1961). Thus it seems that the
concept of flower inhibiting substance(s) is of validity in many plants.

Perhaps the interaction achieved by a combination of inhibition and promo-
tion, so common in biological systems (THIMANN, 98, 1956), may serve as a

usefgl model to account for the mechanism of flower control in Salvig eccidentalis
and in other plants.
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CHAPTER 5

SUMMARIZING CONCLUSIONS

INTRODUCTION

1. The role of the inhibitory action of light on the photoperiodical control of
flower formation in the short-day plant Salvia occidentalis has been primarilty
studied. As an introduction, the non inhibited photoperiodism had to be stu-
died.

DEFINITION

2. An attempt has been made to distinguish between inhibition and inhibitor(s)
of flowering. Inhibition is defined as the state of a plant or plant parts in which
the processes Jeading to the initiation of Hower primordia are retarded — par-
tial inkibition or blocked — complete inhibition. The inhibitor is defined as sub-
stance(s) of transmissible nature which retard(s) or inhibit(s) the formation of
flower promordia. : ‘

PHOTOPERIODIC RESPONSE .

3. With regard to photoperiodic response, day-length between 2-4 hrs were
sub-optimal, 4-12 hrs were optimal, 12}~13 hrs were supra-optimal, while 13}
hrs was critical. The sub-optimal region has probably both non-specific and
photoperiodic effects. Partially induced plants initiated buds in both decreasiog
and increasing daylengths, suggesting a shift in sub-optimal as well as non-induc-
tive regions. :

4. Transfer experiments suggest that induction occurs in two phases: (a) the
preparatory phase, lasting the first 10 SD, without any detectable effect in
itself and leading to the induced state; (b) the realization phase, with persistent
effects which increase with increasing numbers of SD.

5. During the first 12 SD’s the rate of cell division in the apex is relatively slow.
The first sign of transition from a vegetative to a generative state was accompa-
nied by an abrupt increase in the rate of apical cell division.

6. Factors affecting induction were studied. Preceding LD’s of varying Jengths
and number have practically no delaying effect on the subsequent induction in
SD. Very young as well as older plants were equally sensitive to SD treatment,
so that 2 non sensitive or less sensitive period is not evident. Defoliation during
SD does not affect the flowering response. All leaves in sifu were equally sen-
sitive to SD-treatment, only the oldest pair of leaf showed delay in flower bud

formation.
INHIBITION

7. Non-inductive daylengths when intercalated between two series of SD exert
an inhibitory effect on the processes leading to induction _and hence are not
merely passive. However, this inhibition depends quantitatively on the length
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and the number of the light periods. Maximum inhibition recorded was by CL.
CL does not exert any inhibitory effect when given before the SD-treatment and
only becomes operative after some SD’s. The maximum effect of CL-inhibition
lies roughly near the end of the preparatory phase. The inhibitory effect of LD
or CL when given at a fixed point increases with increasing numbers of LD or
CL. However, after closer observation a maximal light inhibition is demonstra-
ted after 3 or 4 CL cycles.

8. The maximal CL periods exert an inhibitory effect on the preceding SD
cycles and probably partly on the succeeding processes. This inhibition by light
was not neutralized when followed by a period of darkness. However, increasing
duration of darkness during the CL period decreases inhibition.

9. QOccasional short light-breaks during dark periods of normal SD-treatment
have inhibitory effects.

10. When light intensity is decreased, the inhibition is decreased and becomes
absent at and below 800 wW/cm?. _

11. At low temperature (10°C) the inhibition is completely suppressed, but the
induction proceeds undisturbed. At high temperature (30° and 35°C) inhibition
is not disturbed.

12. The transmissibility of the light-induced inhibitory effect was studied by
the defoliation technique. The intercalation (e.g. 10 SD - 3 d. CL - SD) treat-
ment when given either to a single leaf pair or to the apex suggests that the
main site of perception of the light inhibition is the leaf and not the apex.

13. A marked inhibitory response was produced, when the lower leaf pair in a
two-leaf pair scheme was given intercalated CL during the SD, while the upper
leaf pair and the apex received uninterrupted SD. The same result was obtained,
when the CL-inhibited leaf was removed immediately after the CL exposure.
This proves the migration of the light-induced inhibitor from its site of origin
towards the apex, soon after its production. In other words, CL-inhibition is not
only localized within the leaves. It was concluded that an inhibitor is produced in
and released from the leaves during intercalated CL-periods, when given prior
to the induced state. This inhibitor is then transmitted to the apex without
interfering with either the production or the translocation of floral stimulus. It
prevents flower bud formation at the growing point. The dominating role of this
inhibition at the apex disappears after a certain time so that the stimulus can
express itself. Then only the flowering processes can normally proceed.

14. Finally it is suggested that the morphogenetic changes at the apex are
regulated through a competitive system; the competition between the flower-

inhibiting and flower-promoting substance(s), both arising in the leaves and
both acting at the apex.
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SAMENVATTING DER BESPREKING

FOTOPERIODICITEIT, INDUCTIE EN REMMING
VAN DE BLOEI, BIJ SALVIA OCCIDENTALIS

Inleiding. _
1. Voornamelijk is de remmende werking van licht bestudeerd bij de fotoperio-
dieke beinvloeding van de bloemvorming bij de korte-dag plant Salvia occidentalis.
Daartoe moest eerst de niet geremde fotoperiodiciteit worden bestudeerd.

Definitie.

2. Getracht is onderscheid te maken-tussen remming ¢n een remmende fac-
tor(en) van de bloei. Remming is de toestand van een plant of van delen van een
plant, waarin het proces, dat leidt tot de vorming van bloemprimordia, wordt
vertraagd of geblokkeerd, resp. gedeeltelijke en volledige remming genoemd. De
remmende factor is de transportabele stof, welke de vorming van bioemprimor-
dia vertraagt of verhindert.

Foatoperiodieke reactie.

3. Een daglengte van 2-4 uren was sub-optimaal, van 4-12 uren optimaal en
van 12313 uren supra-optimaal; 13} nur was de kriticke daglengte. Het sub-
optimale traject heeft waarschijnlifk zowel niet specifieke als fotoperiodicke
effecten. Gedeeltelijk geinduceerde planten legden knoppen aan bij zowel af~
nemende als toenemende daglengten, hetgeen wijst op een verschuiving zowel in
sub-optimale als in niet-inductieve trajecten. '

4. Transportproeven wijzen er op dat de inductie in twee fasen verloopt: (a) de
voorbereidende fase, tijdens de eerste 10 korte dagen, zonder enig zichtbaar
effect en leidende tot de geinduceerde toestand; (b) de fase van de realisatic met
blijvende gevolgen, welke wordt versterkt met cen toenemend aantalkorte dagen.
5. Gedurende de eerste 12 korte dagen verloopt de celdeling in de groeitop
betrekkelijk langzaam. Het eerste teken van overgang van een vegetatieve tot
een generatieve toestand viel samen met een plotselinge toename van celdelingen
in de groeitop.

6. De factoren, welke de inductie beinvloeden, werden bestudeerd. Vooraf-
gaande lange dagen van variabele duur en aantal hebben practisch geen vertra-
gende invloed op de daaropvolgende inductie in korte dag. Zeer jonge, zowel
als oudere planten waren even gevoelig voor de korte-dag behandeling, zodat
er geen niet-gevoelige of minder gevoelige periode blijkt te bestaan. Ontblade-
ring gedurende de korte dag beinvloedt de reactie op de bloei nict. Alle bladeren
waren even gevoelig voor de korte-dag behandeling, behalve het oudste blad-
paar, dat een vertragende werking op de bloemknopvorming vertoonde.
Remming.

7. Wanneer tussen twee series korte dag niet-inducticve daglengten werden inge-
last, oefenden deze een remmende invioed uit op het proces, dat leidt tot in-
ductie; deze zijn dus niet zuiver passief. De remming is kwantitatief afhankelijk
van de lengte en van het aantal lichtperioden. De maximale remming werd waar-
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genomen bij continu licht. Dit Jicht oefent echter geen enkele remmende invloed
uit, wanneer het wordt gegeven vodr de korte-dag behandeling en is alleen
werkzaam na enkele korte dagen. De maximale invloed van continu-licht rem-
ming ligt ongeveer aan het eind van de voorbereidende fase. De maximale in-
vloed van lange dag of continu licht op korte dag, gegeven op ecn bepaald punt,
neemt toe met toenemende duur van de lange dag of continu licht. Na nauw-
keuriger waarnemingen werd echter een maximale lichtremming aangetoond
na 3 of 4 continu-licht cycli.

8. De maximale continu-licht perioden oefenen een remmende invlioed uit op
het effect van de voorafgegane korte-dag cycli en waarschijnlijk gedeeltelijk
op de volgende processen. Deze remming door licht werd niet geneutraliseerd
wanneer er een periode van duister op volgde. Toenemende duur van duisternis
als onderbreking van de continu-licht periode vermindert evenwel de remming.
9. Willekeurige korte onderbrekingen met licht gedurende de perioden van
duisternis bij een normale korte-dag behandeling hebben een remmende invloed.
10. Wanneer de lichtintensiteit wordt verminderd, wordt de remming vermin-
derd tot deze afwezig is bij en beneden 800 pW/em?.

11. Bij lage temperatuur (10°C) wordt de remming volledig onderdrukt, maar
de inductie gaat ongehinderd door. Bij hoge temperatuur (30°C en 35°C) wordt
de remming niet verstoord. o

12. Het transport van de remmende invloed, welke wordt geinduceerd door
licht, werd bestudeerd door middel van de ontbladeringstechniek. Onderbre-
king (b.v. 10 korte dagen — 3 dagen continu licht - korte dag) bij cen enkel blad-
paar of bij de grocitop geeft aanwijzingen, dat de hoofdzetel van de perceptie
van de remming door licht is gelegen in het blad en niet in de groeitop.

13. Een opmerkelijke remmende invloed werd verkregen, wanneer aan het la-
gere bladpaar in een systeem met twee bladparen continu ficht werd gegeven
als onderbreking van de korte dag, terwijl het hogere bladpaar en de top onon-
derbroken korte dag ontvingen. Hetzelfde resultaat werd verkregen, wanneer
het blad, dat met continu licht was geremd, onmiddellijk na de continu-licht
‘behandeling werd verwijderd. Dit bewijst transport van de remmende faqtor, die
dan licht geinduceerd is, naar de groeitop, spoedig na zijn productic. Met
andere woorden: de continu-licht remming is niet gelocaliseerd in de b!aderep.
De conclusie werd getrokken, dat een remmende factor wordt geproduceerd in
en wordt vrij gelaten uit de bladeren gedurende continu-licht perioden, wannecr
deze vd6r de geinduceerde toestand worden gegeven. Deze remmende fac-

tor wordt dan overgebracht naar de groeitop zonder te interfereren met de

productie of de verplaatsing van de bloeistimulus. Hij verhindert echter_de
bloemknopvorming bij het groeipunt. De overheersende rol van'deze remming
bij de top verdwijnt na een zekere tijd, waarna de stimulus tot uitdrukking kan
komen en het bloeiproces normaal voortgang kan vinden. p . .

14. Tenslotte werd gesteld, dat de motfogenetische veranderingen bij fle groei-
top worden geregeld door een concurrerend systeemm: de concurrentie tussen
de bloeiremmende en blogibevorderende stof(fen), welke beide ont§taan' indebla-
deren, worden getransportecrd naar de groeitop endaar hun werking uitoefenen.
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PHOTO 2. Experiment 7. Photomicrographs x 70 of an apical bud photo-induced with 0 (A),

10 (B), 15 (C) or 20 SD (D). The photo’s show the transition of vegetative apex (A,
B) to generative apex (C, D).
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