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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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