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long day, 16 h light and 8 h darkness.

short day, 8 h light and 16 h darkness.

long-day plant.

short-day plant,

long-short-day plant

day-neutral plant.

continuous light.

receptor, being the non induced graft partner.

defoliated receptor.

donor, being the induced graft partner.

receptor grafted on receptor (control).

receptor grafted on donor.

donor grafted on receptor.

shoot of a grafted receptor r,, regrafted on a new receptor
Is.

treatment number.

quotient of the number of flowering receptors (in a grafting-
experiment) or flowering plants (in an induction experi-
ment) on the total number of survived receptors or plants
percentage of flowering plants or shoots.

average number of days from the beginning of a treatment
until macroscopically visible flower buds.

gibberellic acid, gibberellin number 3.

temperature in °C during the light.

temperature in °C during the dark.

hour.

sum of the products of temperature times hours per 24
hours.

deblocking of the synthesis of floral hormone.

one or more substances, usually synthesized in induced
leaves and initiating the formation of floral primordia in
the receptive meristems.



1. GENERAL INTRODUCTION

1.1. HISTORICAL REVIEW

Since the invention of an incandescent lamp by EpisoN in 1879 many in-
vestigators showed that flowering of several horticultural plants could be
accelerated by extending natural daylengths with the aid of these lamps (Evans,
1969). The general explanation was that the growth and development were
promoted by additional light. However, TourNois (1912) was the first to
demonstrate the promotive influence of short daylength on the flowering of
hops and hemp. It was KLEBs (1913), investigating the influence of continuous
light on the flowering of Sempervivum funkii, who concluded that the additional
light was acting ‘catalytically and not as a nutritional factor’,

The recognition of daylength as a major flowering controlling factor dates
from GARNER and ALLARD (1920), who found the SD response of Mammoth
tobacco and Peking soybeans and introduced the terms photoperiod for day-
length, photopericdism for the response of organisms to the relative lengths of
light and darkness.

Experiments by GARNER and ALLARD {1925) with Cosmos and by Razumov
(1931) on photoperiodic control of tuberization in potatoes supgested that it
were the leaves which initially respond to daylength.

The term photoperiodic induction was introduced into flowering-physiology
by LuBiMENKO and SzeGLova (1932). KnoTT (1934) gave different daylengths
separately to the shoot apex and to the leaves of spinach, demonstrated that the
leaves are the organs reacting to daylength, and concluded that the response to
a photoperiod, favourable for reproductive growth, may be the production of
some substance or stimulus, transported from the leaves to the growing-point.
In 1865 Sacus already suggested the existence of ‘flower forming substances’
which could move within a plant (in Evans, 1969). KNoTT's technique was used
by other investigators, who found similar mechanisms in several plants.

The definite proof of the concept of a floral hormone followed soon from
grafting-experiments, in which was shown that receptor plants under non
inductive conditions could be brought to flowering by grafting them to donor
plants of the same strain, which had previously been kept under inductive day-
length conditions, The first experiments of this kind were carried out by KUnper
and WIERSUM (1936) with Glycine max and almost simultaneously by CHAJLAK-
HYAN (1936b) with Perilla and Helianthus and Moshxov (1937) with tobacco.
CHAJLAKHYAN (1936a) postulated that a flower hormone regulates the processes
of development. He christened the hypothetical substance florigen. Afterwards
CHoLoDNY (1939) proposed the term anthesin and VAN DE SANDE BAKHUYZEN
(1947) following WENT’s nomenclature {1938) of organ-forming substances in-
troduced the term anthocaline. Many cases of successful transmission of flower-
ing by grafting followed. LANG (1965) summarized about 35 cases.
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The nature of floral hormone is often discussed, Evidence for a more general
character came from experiments in which donors of one daylength response
type could induce flowering in receptors of a different response type. Extracts of
flowering plants have never induced reproduceable flower formation in vege-
tative plants. Moreover none of the efforts of chemical identification of the
floral hormone met with success, So the character of floral hormone can until
now only be studied in vivo, by inducing parts of plants and by grafting experi-
ments.

Besides floral hormones, in some plants floral inhibitors could be demon-
strated. BHARGAVA (1964, 1965) even proved transmissable floral inhibitors in
Salvia occidentalis and Perilla crispa. In the latter case a hormone-like floral
inhibitor is formed, which is directly translocated to the growing-tip, where it
interferes with the functioning of the floral stimulus. This inhibitor does not
interfere with the production or the translocation of the floral stimulus.

Another factor which may determine flowering is temperature, with a mecha-
nism, sometimes differing from photoperiodism. The action of low temperature
has been called vernalization by WryTE and HupsoN (1933). In most cases the
site of perception of low temperature is not separated from the place where the
effect manifests itself: both are localized in a growing apex (WHYTE, 1948), or
perhaps in a meristem. For biennial Hyoscyamus niger, MELCHERS (1936)
showed that the low temperature requirement can be fulfilled by grafting a
vernalized growing-point near to a non-vernalized one. Afier grafting with the
short-day plant ‘Maryland Mammoth’ tobacco, flower formation in cold re-
quiring H. niger occurred irrespective whether the donors were kept in short day
or in long day. So, even when this tobacco variety was not capable of flowering
itself, it could still supply a stimulus which caused flowering in the unvernalized
H. niger stocks. Therefore, MELCHERS (1939) concluded that the transmissable
stimulus in biennials (produced after a low-temperature treatment) is different
from floral hormone. To stress their specific natures he called the former
vernalin.

A second case of temperature determining flowering is induction by high
temperature. VAN DE VooREN (1969) intensively worked out this phenomenon
for the LDP Silene armeria. He concluded that high temperatures above 30°C.
prevent a process, which is supposed to be the rebuilding of an inhibition
{‘reblocking’) during the dark period.

Besides photoperiodism and temperature, some chemicals, especially some
gibberellins, promote flowering. Studies about differences in behaviour of
floral hormones in different plants gave more information about the character
of the floral hormones. Until now only 3 plants have been reported with the
particular property that receptors, brought into flowering by prafting, can act
as a donor in a next grafting. These plants are Xanthium strumarium (LONA,
1946), Bryophyllum daigremontianum (ZEEVAART and LaNG, 1962) and Silene
armeria {WELLENSIEK, 1966). In literature this phenomenon is called: ‘indirect
induction by the floral hormone’ (ZEevaArT and LANG, 1962, p. 537); ‘auto-
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catalytical multiplication of the floral hormone® (WELLENSIEK, 1966, p. 9) or
‘secondary induction’ (Evaxs, 1971, p. 378). Classic is the comparison of
Xanthium strumarium and Perilla crispa, worked out by ZeevaarT (1958). In
contrast to Xanthium, receptors of Perilla, in spite of a Aowering-reaction, do
not receive donor capacity by grafting. This raised the question of the existence
of different floral hormones. '

1.2. SCOPE OF THE PRESENT EXPERIMENTS

Let us first define some frequently used terms. ‘Induction” will be restricted to
‘deblocking of the synthesis of floral hormone’, indicating the process by which
an inhibition or blocking of flower formation in vegetative plants is removed,
followed by synthesis of floral hormone (WELLENSIEK, 1969}, ‘Floral hormone’
stays for: ‘one or more substances of an unknown composition, synthesized usually
in induced leaves, and initiating the formation of floral primordia in the receptive
meristems.’ A choice out of the terms ‘indirect induction’, ‘autocatalytically
multiplying floral hormone® and ‘secondary induction’ could not be made since
until now no clear evidence about the mechanism of the synthesis of floral
hormone in non exogenously induced parts of plants could be demonstrated.
It is questionable whether floral hormone can act as an induction factor, or
whether it can multiply itself autocatalytically. Therefore, the term ‘non-
localized synthesis’ is wsed, indicating that the synthesis is not restricted to the
induced part of the plant, contrary to the clear example of Perilla crispa with
strictly ‘localized synthesis’, The properties of floral hormones were studied by
investigation of factors influencing its synthesis, its transmission and its activity,
and by trying new graft combinations. The central question is whether other
explanations for differences in behaviour of floral hormone can be given than
the assumption of the existence of different floral hormones. Comparison of
the plants with non-localized synthesis of floral hormone mutuvally and with
other plants was supposed to give useful information. Therefore, the former
plants and plants of their families, being the Compositae, Crassulaceze and
Caryophyllaceae, were chosen as experimental material.
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2. MATERTAL AND METHODS

2.1. PLANT MATERIAL

Crassulaceae:

Bryophyllum daigremontianum (R. HAMET et PERR.) BERG., originating from
the Laboratorium voor Tuinbouwplantenteelt, Wageningen. Propagated vege-
tatively by means of leaf plantlets.

Bryophyllum pinnatum (LaM.) OxkeN kindly supplied by Prof, J. TH. HACKMAN
Enschede. Propagated vegetatively by means of cuttings.

Kalanchoé blossfeldiana cv. *Vulcan’ and cv. ‘Hendrik van der Dussen® were
obtained from commercial sources. The cv. ‘Annette’ and cv. ‘Josing’ were
kindly supplied by Miss L. LEFFRING, Proefstation Aalsmeer. All these cultivars
were propagated vegetatively by means of cuttings.

Kalanchoé jongmansii, HAMET et PERRIER.

Kalanchoé manginii, HAMET et PERRIER.

Both these species were kindly supplied by the Botanic Garden of the University
of Leiden. Propagation vegetatively by means of cuttings.

Compositae:

Xanthivm strumarium L., from the Laboratorium voor Tuinbouwplanten-
teelt, Wageningen. This straln was originally obtained from Dr. J. A. D.
ZeevaarT, U.S.A, Two other strains were kindly supplied by Prof. C. Mac-
MILLAN, U.S.A. The nomenclature is according to SALISBURY (1969). The pro-
pagation was generative,

Rudbeckia bicolor NUTT., obtained from a commercial source and pro-
pagated generatively. :

Caryophyllaceae

Chosen from a collection of 50 species, brought together by WELLENSIEK
(unpublished) and determined by Mrs. N. E. NANNENGA-BREMEKAMP of the
Herbarium Vadense, Wageningen.

Silene armeria L., originally obtained from Dr. A. LaNG, U.S.A. The other
species are listed in table 39 (p. 60-62). The propagation was generative.

Labiatae

Perilla crispa (THumB.) TANAKA. The nomenclature is according to ZEEVAART
(1969b). Seeds were obtained from a commercial source and the propagation
was vegetative by cuttings.
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2.2, GROWING AND GRAFTING

Plants were grown in a greenhouse at approximately 20°C. For LD natural
day light was supplemented by MLL 160 W Philips lamps, giving at plant level
at least 1750 erg. cm~2. sec™!. The generally used LD conditions were 16 h
light and 8 h dark. In order to reduce the influence of possible technical disturb-
ances, the LD conditions for Xanthium strumarium were kept at 20 h light and
4 h darkness. Cuttings were made in a mist propagation bench. Temperature
experiments were done in a phytotron with TL 55 Philips lamps and a light
intensity of about 35000 erg.cm™=2. sec.”?! at plant level.

The mostly used method of grafting was an ordinary cleft graft in the stem,
The place’of grafting was surrounded by a spongy rubber band, called stericrepe,
made by Beacon and Janis LTD, Southampton Row, London, W.C.I. Another
method was a cleft graft in the rosette. In this case the graft partners were held
together by ordinary hair grips {curly grips). According to literature, receptor
roscttes are often treated with GA ; for stem elongation and split grafting in the
stem is applied in the elongated stem. However, the rosette-grafting technique
was developed and used in those cases where the receptor rosette could not be
elongated by GA; without the risk of partial or complete induction by GA; as
such. Photo 1 shows a rosette grafting of Sifene armeria. The grafied plants were
kept in a plastic cabinet in a controlled LD or SD room at 20°C with TL 29

Puoto 1. Rosette-grafting djr,
A donor shoot of Silene armeria was cleft grafted in a vegetative rosette of the same species.
The graft partners were held together by an ordinary hair grip.
Photo left: 3 weeks after the grafting.
right: 7 weeks after the grafting, the receptor is flowering.
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Philips lamps of 65 W, resulting in a light intensity of about 8000 erg. cm=2,
sec™!. at plant level. In the plastic cabinet the air humidity was kept high by
misting twice a day with water, mixed with 1 g/l TMTD to protect the plants
against fungi. When the graft union had been established, the plants were
hardened off, and put in the LD or SD division of a greenhouse.
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3. EXPERIMENTS WITH SOME CRASSULACEAE

3.1, INTRODUCTION

Most of the Crassulaceae are natives of Madagascar. Besides the ornamental
value of Kalanchoé blossfeldiana, the family of the Crassufaceae proved to be of
great interest for research on the physiology of flowering.

ROODENBURG (1939) already noted that short days accelerate flowering of
K. blossfeldiana and HARDER and his school (1940) confirmed that this species
represents a typical short-day plant. On account of the quantitative relation
between induction and the number of flowers produced, this plant has been
useful in numerous investigations into photoperiodic behaviour and the under-
lying mechanisms.

DostAL (1949, 1950) discovered the dual daylength requirement of Bryo-
phyllum crenatum and B. tubiflorum (= B. verticillatum). Both species remained
vegetative if kept in continuous LD or SD for two years, while the shift LD -
SD did result in flower formation. RESENDE (1952) found that B. daigremontia-
num, K, mogambicana, K. rotundifolia and Aloé bulbillifera also needed the shift
LD — 8D for flower induction and called this new class of photoperiodically
sensitive plants long-short-day plants (LSDP).

Soon after gibberellic acid (GA,) was discovered as a chemical which could
induce flowering in a number of cold-requiring plants, BUNSOow and HARDER
(1956) reported thet GA; can substitute for the LD but not for the SD require-
ment in two Bryophylfum species.

DosTAL (1949, 1950) reported that floral hormone could be transmitted from
a donor to a receptor in B. crenatum and B. tubiflorum. ZEEVAART (1938)
extended these observations to B. daigremontianum, and RESENDE (1959) proved
transmission of flowering between hybrids of different species of Bryophyilum.
CARrr and MELCHERS (1954) succeeded in transmitting the floral hormone from
induced plants of K. blossfeldiana acting as donors to non-induced receptors.
They also could prove transmission of the floral hormone of Sedum kamtschati-
cum as a donor to K. blossfeldiana as a receptor. ZEEVAART (1958) reported
positive transmission of the floral hormone of Kalanchoé blossfeldiana to Sedum
spectabile and S, ellacombianum and from both these long-day plants to K.
blossfeldiana.

Surveying these results, the question arose whether the family of the Crassula-
ceae has one universal floral hormone, independent from the differences in day-
length requirement and growth habit. In the present experiments factors in-
fluencing induction, production of floral hormone and reaction on floral
hormone were investigated, especially temperature and some new graft combi-
nations. The floral mechanisms of some Crassulaceae were compared, parti-
cularly the relations between K. blossfeldiana and B. daigremontianum.

Meded. Landbouwhogeschool Wageningen 72-9 (1972) 7



3.2 INFLUENCE OF TEMPERATURE ON THE FLOWERING OF SOME
CRASSULACEAE

3.2.1. Introduction.

HarDER and VoN WitscH (1940) found that a change of temperature per
cycle of SD during the induction of K. blossfeldiana gives a stronger floral
jmpulse than a constant temperature.

It were ZEEvAART and LanG (1962), who discovered that induction of B.
daigremontianum and B. crenatum by LSD as well as by GA ,-treatments in SD,
is only possible when a day temperature of 23°C is combined with a night tem-
perature of 15°C or less. A night temperature of 19°C or higher prevented the
induction. So it is clear that temperature plays an important role during
induction of K. blossfeldiana, B. daigremontianum and B. crenatum.

- In the present experiments the need for thermoperiodicity during induction of
K. blossfeldiana and B. daigremontianum is compared.

Harper and VoN WiTscH (1940) and RUNGER (1959) found that in X, bless-
Jfeldiana the flowering influenced by temperature is light independent. This
means that the low temperature can act in the light as well as in the dark period.
The question arose whether the reaction of B. daigremontianum is similar to
K. blossfeldiana as found by HARDER and VoN WITsCH, cited above.

B. daigremontianum being a LSDP has two inductive reactions, one in LD and
one in SD. The influence of temperature on these two daylength reactlons could
give more information about these processes.

Another important question will be: What is the influence of the external
factors on the flowering after induction and are there differences in comparison
with the inductive process? RESENDE and VIANA (1948) already discovered that
generative B. daigremontianum becomes vegetative when the induced leaves
received light of a low intensity. RESENDE (1965) reported that in LD with
warm nights the inflorescences of B. daigremontianum tend to revert to vegetative
growth. In my first grafting-experiments the generative B. daigremontianum
donor rootstocks became vegetative. These results show that not only induction,
but also the induced state can be influenced by external and unknown factors.
The influence of temperature on the induced state of B. daigremontianum and
K. blossfeldiana therefore is investigated.

3.2.2. GA, + SD-induction of B. daigremontianum.

Experiment 1. Plants grown in SD from plantlets were sprayed, at an age of
4 months, with GA; 100 ppm once and brought to the phytotron, where they
received SD at different temperature combinations. As B. daigrentontianum can
form various degrees of inflorescence development due to the level of induction
(PENNER, 1960), observations were made not only on flowering as such, but also
on floral stage, total lengths of the upper 4 internodes, total lengths of the
lateral floral shoots and the plant length. The upper 4 internodes were chosen,
because they concern a normally developed inflorescence. The data were
obtained 74 days after the beginning of the GA; + SD-induction and hence are
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an instantaneous observation of the degree of inflorescence development due to
different temperature treatments.

The main results are presented in Table 1 which shows that complete induc-
tion < realization (stage 6} are possible when the sum of the products of temper-
ature times hours per 24 hours is 472 or less. A sum of 504 resulted in moderate
flowering, whereas sums of 536 and higher did not have any effect. This cor-
responds with the conclusions of ZeevaArT and Lanc (1962): induction is
possible when a day temperature of 23°C is combined with a night ternperature
of 15°C or lower, meaning a temperature sum of 424 or lower. In their experi-
ments no flowering occurred when a day temperature of 23°C or higher was

TaBLE 1. The flowering response of B. daigremontianum after GAsz + SD-induction and
realization at different temperature treatments.

stage = average stage of the flowering plants, according to PENNER (1960):

stage 0. Plants completely vegetative, no axillary shoots

stage 1. Axillary shoots grown out partially

stage 2. Vegetative inflorescence; axillary shoots fully developed, but no flower buds

stage 3. Inflorescence with a few flower buds; bracts show phyllody

stage 4. No phyllody, but inflorescence with very short internodes

stage 5. Normal inflorescence

stage 6. MNormal inflorescence with additional inflorescences arising from the upper leaf pairs
internodes = mean sum of the lengths in cm of the upper 4 internodes

shoots — mean sum of the lengths in cm of the axillary floral shoots

* = no obscrviations made

Further abbreviations see p. 0

number of plants per treatment: 16

nr. °1 °d sum % days stage inflorescence
inter- - shoots
nodes
1 13 13 312 100 43 6 20 18
2 21 9 312 100 37 6 * hd
3 17 13 344 100 43 6 24 22
4 25 9 344 100 37 6 . .
5 13 17 376 100 36 6 29 13
6 21 13 376 100 7 6 37 45
7 17 17 408 100 35 6 29 26
8 25 13 408 100 30 6 43 66
9 13 21 440 100 33 6 17 27
10 21 17 456 100 . 6 . *
11 17 21 472 100 . 6 . *
12 23 17 472 100 b [ . *
13 4h13 + 4h21 21 472 100 * 6 . .
14 2h13 + 6h21 21 488 100 * 5 . .
15 13 25 504 100 43 5 16 17
16 21 21 504 100 69 4 2 0,2
17 17 25 536 0 oo 0 1,5 0
18 25 21 535 o oo 0 1,5 0
19 21 25 568 0 o 0 1,5 0
20 25 25 600 0 a5} 0 1,5 0
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combined with a night temperature of 19°C or higher, meaning a temperature
sum of 488 or higher,

Table 1 also shows that low temperature, tending to decline the temperature
sum, works in the light as well as in the dark period. This means that the
temperature influence is light independent. It appears that the combination of
high day temperature with low night temperature (25°/13°, treatment 8) gives
the best result. Comparison of treatments 7 and 8, 17°/17° and 25°/13° respec-
tively, both with a temperature sum of 408, shows a better floral result for the
latter.

or. 1 7
nr. = treatment number of table 1 (p. 9)

PuaoTO 2. Inflorescence development of B. daigremontianum as a result of GA; + SD-induction
plus realization at constant temperatures of 13, 17 and 21°C.
Photo: 74 days after the beginning of the inductive treatraent.

Photos 2, 3 and 4 show the influence of different temperature conditions on
the flowering, (p. 10, 11, 12).

Experiment 2. In contrast to experiment 1 induction and realization are
separated as well as possible. Similarly to those of experiment 1 plants were
sprayed with GA; 100 ppm once and brought to the phytotron, where they
received SD at different temperature conditions for 21 days, followed by LD
21°/13°, where the flowering as the expression of induction plus realization was
observed. Hence, besides the part of the realization which already occurred
during the SD-treatment, the rest took place under the same temperature con-
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PHoto 3. Inflorescence development of B. daigremontianum as a result of GA3 + SD-induction
plus realization at a day temperature of 13°C combined with night temperatures of 17, 21 and
25°C. :

Photo: 74 days after the beginning of the inductive treatment.

ditions, so that differences in flowering will mainly be due to the influence of the
different temperature treatments during induction.

Table 2 shows that induction is possible when the temperature sum lies
between 312 and 568, while even some flowering occurred between the sums of
248 and 312. Comparison with experiment 1 shows that induction is possible
between wider margins of temperature than induction + realization. This sug-
gests that mainly the realization of flowering is influenced by temperature. It is
remarkable that there are no differences between the floral stages while the
lengths of the inflorescences, measured 122 days after the beginning of induc-
tion, hardly differed. Treatment 12 with the temperature combination of 9°/21°
shows the fewest days till visible fiower buds, while 17°/17° at the same temper-
ature sum of 408, results in 6 days later flowering.

Photo 5 demonstrates the results of treatments 14 and 25 of table 2. (p. 14)

Experiment 3. RUNGER {1959) gave a SD-period of 12 days with 2 shift of
temperature after 6 days. His results are cited in Table 3. Temperatures of
20°C or 25°C during the first period followed by 15°C or 20°C during the
second 6 days are the best.

Similar to the experiment of RUNGER (1959) with Kalanchoé blossfeldiana,
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PuoT0 4. Inflorescence development of B, daigremontianum as a result of GA; -+ SD-induction
plus realization at a night temperature of 13°C combined with day temperatures of 17, 21 and
25°C.

Photo: 74 days after the beginning of the inductive treatment.

one change of temperature during the whole inductive treatment of B. daigre-
montianum 1s tried in the next experiment, Young plants of B. daigremontianum
obtained from plantlets and grown in the SD division of a greenhouse, were
sprayed with GA; 100 ppm and moved to the phytotron where they received
different cycles of SD at temperature conditions presented in Table 4, followed
by LD 21°/13°d. (p. 14)

Treatment 1 demonstrates that 10 cycles of SD at 25°C are not sufficient for
induction, while treatment 2 shows that induction is possible at 25°C, so the
last 4 cycles of treatment 2 are necessary for induction. Comparison of treat-
ments 2, 6 and 8 shows that induction during the first 10 cycles of SD occurs
optimally, in spite of a temperature of 25°C, However, during the following 4
inductive cycles 13°C is better than 25°C, while trecaiments 3, 4 and 9 show
that after induction a temperature of 25° acts negatively.

The conclusion is that hardly induction but rather the resulting processes
are influenced by too high a temperature. This corresponds with the results of
experiments 1 and 2. »
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TasLE 2. The flowering response of B. daigremontianum after GA; + 3 weeks SD-induction
at different temperature combinations followed by LD 21°[/13°d.

nr. °1 °d sum q % days  stage inflorescence
inter- shoots
nodes
i 9 9 216 0/8 Q o 0 10 0
2 13 9 248 1/8 13 40 6 44 106
3 9 13 280 38 38 42 6 33 50
4 17 9 280 1/8 - 88 K} 6 45 95
5 13 13 312 7/8 88 34 6 47 90
6 21 9 312 8/8 100 32 6 44 116
7 9 17 344 8/8 100 ki 6 92 96
8 17 13 344 3/8 100 - k]| 6 - 44 90
9 25 9 344 8/8 100 35 6 43 97
10 13 17 37% 8/8 100 32 6 45 81
11 21 13 376 8/8 100 30 6 - 45 83
12 9 21 408 8/8 100 29 6 43 68
13 17 17 408 8/8 100 35 6 46 72
14 25 13 408 8/8 100 3t 6 43 32
15 13 21 440 8/8 100 3 6 44 82
16 21 17 456 8/8 100 35 6 42 84
17 9 25 472 8/8 100 34 6 45 69
18 17 21 472 8/8 100 4 [ 41 78
19 25 17 472 8/8 100 35 6 42 84
20 13 25 504 8/8 100 K2 6 42 84
21 21 21 504 3/8 100 36 6 41 70
22 17 25 536 8/8 100 7 6 42 78
23 25 21 536 8/8 100 6 6 40 94
24 21 25 568 8/8 100 33 6 40 74
25 25 25 600 2/8 25 42 6 33 38

TasLe 3, Average number of axillary shoots with flowers of K, blossfeldiana as a result of one
change of temperature after 6 days during an inductive period of 12 cycles of SD (Cited from
Ri{NGER, 1959), - .

Temp. in the first Temp. in the second period of 6 days

period of 6 days 15 20 25 30
: average number of axillary shoots with flowers

15 1.6 0,6 0,0 0.0
20 4,7 4,1 0,0 0.0
25 5,9 32 2,2 0,0
30 1,6 3,3 04 0,0

3.2.3. LSD-induction of B. daigremontianum.
B. daigremontianum, needing 2 daylengths for induction, will have 2 day-
length dependent processes preceding the synthesis of floral hormone. It is

Meded, Landbouwhogeschool Wageningen 72-9 (1972) 13



nr. 25 14
nr. = treatment number of table 2 (p. 13)

PHOTO 5. Inflorescence development of B. daigremontianum as a resuit of GA3 + 21 davs SD
Jollowed by LD 21°[{13°d,

Left: SD at 25°1/25°d. Right: SD at 25°1/13°d
Photo: 74 days after the beginning of SD induction,

TasLE 4, Flowering of B. daigremontianum as a result of GA, 4 SD treatments, with different
cycles of SD and no or one change of temperature, followed by LD 21°1/13%d.

nr. GA; + SD treatment flowering
days 13° days 25° days13° q % days stage

1 0 10 0 0/8 0 o 0
2 0 14 0 5/8 63 42 6
3 0 20 0 2/8 25 51 6
4 0 ) 0 0,8 0 oo (V)
5 0 0 4 0/8 0 ) 0
6 0 10 4 8/8 100 31 6
7 0 0 10 0/8 0 o~ 0
3 0 10 10 g8 100 31 6
9 i0 10 0 0/8 0 o~ 0

10 20 0, 0 88 . 100 45 6

—
wh
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questionable, when the LD component is available as a precursor, whether a
separate SD component is formed or directly the floral hormone.

The inductive circumstances of these two daylength processes could be op-
timal at different temperature levels. In order to investigate this, the tempera-
ture must be altered in light and darkness, in LD as well as in SD. A problem is
that with 5 different temperatures 5% = 625 combinations are possible. There-
fore a choice had to be made. :

Experiment 4. Vegetative plants with 15 pairs of leaves, grown up in SD,
were moved to a phytotron where they received 6 weeks of LD followed by SD,
both at different temperature conditions. The flowering was observed in 8D
76 days after the shift LS - SD and is due to the influence of temperature on
induction + realization.

In Table 5, comparison of treatments 1, 2 and 3 shows that at a similar SD-
treatment of 21°/13°, the LD-treatments at 13°/21° and 13°/25° have better
effects on flowering than 17°/17°. Comparison of the treatments 3, 4, 5 and 6
shows that at the same LD-treatment of 17°/17°, the SD-treatment of 21°/13°-
is the best, while SD 13°/25° does not give flowering at all. So here is a clear
parallelism with the influence of temperature on the GA; + SD-induction. It
is obvious that the marginal LD-induction of 17°/17° will reduce the marginal
temperature sum for SD-induction. Treatments 7, 8 and 9 show that LD-
induction occurs very well at temperatures of a sum between 504 and 600. The
following SD-induction however is not possible at a sum of 600.

The flowering results are illustrated in photo 6. {p. 16)

3,2.4. Influence of temperature on the flowering of B. daigremontianum,

The preceding experiments clearly showed the influence of temperature on
induction. However, what is the influence on the other floral processes like
inductive state and synthesis and activity of floral hormone?

TasBLE 5. The flowering of B. daigremontianum as a result of LSD-induction at different
temperature combinations.
Number of plants per treatment = 5.
Annotations: internode length = average length of the upper 4 internodes
shoot length = average length of the total floral shoots,

LD sSD flowering plant inter- shoot

nr. °§ °d  sum 1 °d  sum %7 days stage length node length
length

1 13 21 376 21 13 392 100 3s 6 139 51 j10
p 13 25 408 21 13 392 100 40 6 135 47 118
3 17 17 408 21 13 392 100 45 6 102 24 65
4 17 17 408 17 17 408 100 47 3 93 18 22
5 17 17 408 - 13 21 440 80 41 4 95 17 25
6 17 17 408 13 25 504 0 o~ 0 79 3 0
7 25 13 504 25 13 408 100 * 6 . . hd
8 25 25 600 25 13 408 100 * 0§ . * *
9 25 25 600 25 25 600 0 oo 0 * hd *
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PHoTO 6. Inflorescence development of B. daigremontianum as a result of LSD induction plus
realization at different temperature combinations in LD and SD.
. Photo: 76 days after the shift LD — SD.

Experiment 5. Flowering plants, 6 weeks after the beginning of GA; 4 SD-
induction, received different temperature treatments in SD.

Table 6 shows that floral development is influenced by temperature. Treat-
ments 6 and 7 show that flowering plants can revert to the vegetative stage when
the temperature sum per 24 hours is higher than 536,

Photo 7 shows the results.

Experiment 6. Old generative plants, 5 months after GA; 4- SD-induction,
received different temperature treatments in SD or in LD,

Table 7, treatments 1-8, shows that in 8D a temperature sum above 472 stops

TaBLE 6. The flowering-stage of gencrative B. daigremontianum after 2 months of temperature
treatment in SD.

nr. °1 °d sum stage
1 25 13 408 6
2 27 17 472 6
3 13 25 504 6
4 25 21 536 6
5 17 25 536 6
6 21 25 568 3
7 25 ., 25 600 2
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nr. 5
nr. = treatment number of table 6

PHoTO 7. Flowering-stages of B. daigremontianum after 7 weeks of temperature treatment in SD.
Photo: 49 days after the beginning of the temperature treatment,

the flowering of old generative plants. Treatments 9-13 show that in LD a
temperature sum of 472 is already too high for the continuing of flowering,
Photo’s 8 and 9 show the results.

TasLE 7. The flowering-stage of old generative plants of B, daigremontianum after 2 months
of temperature treatment in SD or LD

nr. daylength °l °d sum slage
1 SD 17°C 9°C 280 6
2 sSD 17 13 344 &
3 SD 25 9 344 6
4 sSD 25 13 408 6
5 sD 17 17 408 6
6 sD 25 17 472 6
7 sD 25 21 536 3
8 SD 25 25 600 4]
9 LD 25 9 472 2
10 LD 25 13 504 2
11 LD 25 17 536 0
12 LD 25 21 568 0
13 LD 25 25 600 0
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2525 2521 25117 25/13 25/9
nr: 6 4 3
nr. = treatment number of table 7
PHoTO 8. Flowering-stages of old generative plants of B. daigremontianum after 2 months of
25°C during the light period of SD, combined with different temperatures (25, 21, 17, 13 and

9°C} during the dark period.
Photo: 64 days after the beginning of the temperature treatment.

2525 25121 25117 25,13 2519
nr: 1 .. 11 10 9
nr, = treatment number of table 7

Puoto 9. Flowering-stages of old generative plants of B. daigremontianum after 2 months of
25°C during the light period of LD, combined with different temperatures (25, 21, 17, 13 and
9°C) during the dark period.

Photo: 64 days after the beginning of the temperature treatment.



3.2.5. Influence of témpérétn}re"on the inductive state of B. daigremontianum
stud;ed by graﬁmg

"As too hrgh 8 temperature sum stops the flowering of a generative plant, it is
questionable what happens to the inductive state, being the capacity of pro-
ducing floral hormone. Also, what happens with the donor capacities?

" Experiment 7. Vegetative shoots were grafted“on generative rootstocks, 7
weeks, after) the beginning of GA; + SD-induction in 21°/13°. The grafted
plant§ "y received LD or SD at different temperature combinations and the
flowering result of the Teceptors was observed.

Table 8 shows that transmission of flowering only occurs durmg a tempera-
ture sum of 552 or lower, both under LD and SD-conditions.

Photo 10 shows the results of grafting at SD 25°/25° and 25°/13°,

Experiment 8. The results of the preceding experiment raise the question: is
the reaction of the growing-point to floral hormone suppressed by temperature
or are the floral hormone and its synthesis destructed?

Young generative plants, 7 weeks after the beginning of GA; + SD-induc-
tion, received 2 or 4 weeks LD at 21°/13° or 25°/25°. After this temperature
treatment the plants were grafted in the combinations r=/d in LD 21°/13°,

Table 9 shows the flowering of the receptors. It appears that 2 weeks of LD
25°/25° is too short to destruct the donor capacity of the rootstocks. A treat-
ment of 4 weeks of LD 25°/25°, however, is long enough to make the influence
of the temperature irreversible, resulting in no flowering of the receptors.

It is obvious that a high temperature sum stops the activity of floral hormone,
produced before the temperature treatment, and moreover destructs the in-
ductive state.

Experiment 9. The question arises whether re-induction is possible of the
leaves from which the inductive state was destructed by a high temperature sum.
Plants, 8 weeks after the beginning of GA; -+ SD-treatment, received tempera-
ture treatments. In order to determine the inductive state, the donor capacity
was tested by grafting the combination r, /d.

The receptors of grafting 1 of Table 10 show that the donor capacity is sup-
pressed by 25°/25° (treatments 2 and 3). Next the receptors were removed to
prevent induction of these shoots by GA;. The table shows that the axillary

TasLe 8. The flowering of receptor shoots of B. daigremontianum, grafted on donor rootstocks
and grown at different temperature conditions.

flowering
nr. daylength °] °d sum q % days
1 SD 25 13 408 16/16 100 . 24
2 SD 4813 + 425 25 552 16/16 100 23
3 SD .25 25 600 0/16 0 )
4 LD 25 13 504 14/15 93 22
5 LD 25 25 600 0/16 0 o
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nr: 5 4
nr. = treatment number of table 8

Puoto 10. Transmission of flowering impulse of B, daigremontianum at different temperature
conditions. .

Left: LD 25°/25°d Right: LD 25°1/13°d
Photo: 47 days after grafting in LD.

TasLE 9. Flowering of receptors of B. daigremontianum, grafied on donors which received
2 or 4 wecks of temperature treatment before grafting.

nr. donor before grafting flowering

q % days
1 2 weeks LD 21/13 10/10 100 28
2 2 weeks LD 25/25 10/10 100 30
3 4 weeks LD 21/13 9/9 100 29
4_ 4 weeks LD 25/25 0/10 0 o

shoots of the donors do not flower under the favourable circumstances of
25°/13° when 25°/25° preceded. So the suppressing action of 25°/25° is ir-
reversible, When however GA, was added to the leaves which were in an in-
ductive state before, the axillary shoots flowered. The second grafting r,/d
confirms that re-induction by GA; occurred,
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TasLE 10. The flowering reaction of receptors of B. daigremontianum grafted on rootstocks
which were temperature treated and re-induced.

nr. 1,/d during 31 days SD re-induction /d r;/d in LD 25/13
temp. flowering of 1, GA, +5D flowering of/d  flowering of r»
q %  days q v q % days
1 2513 13/16  $1 27 - - - - - -
2 25725 0/l 0 o SD 2513 0/16 0 010 0 oo
3 25/25 0/16 0 oo GA,+SD25/13 168/i6 100 5/8 63 34

3.2.6. SD-induction of Kalancho# blossfeldiana.

Other Crassulaceae were tried in order to find out parallelisms with Bryo-
phyllum about the influence of temperature on the flowering process. Although
a similar experiment was already done by RUNGER (1959}, the influence of tem-
perature on induction of K, blossfeldiana was tested under the same conditions
as B. daigremontianum.

Experiment 10. Plants of K. blossfeldiana cv. ‘Van der Dussen’, obtained
from cuttings, received SD-induction at different temperature conditions. After
6 weeks the plants were moved into the LD-division of a greenhouse for the
observation of flowering.

Table 11 shows, that the reaction on the temperature sum is only quantitative,
resulting in 100 %, flowering under all circumstances, with differences in number
of days till the first opening flower. Similarly to B. daigremontianon the com-
bination of 25°/13° is the best, resulting in 77 days till the first opening flower,
differing highly significantly from 25°/25° In another experiment XK. bloss-
Sfeldiana cv. ‘Vulean’ flowered normally under permanent conditions of SD
25°/25°, so induction as well as realization are possible in 25°.

TabLe 11. The flowering of X, blossfeldiana cv. *Van der Dussen’ as a result of SD-induction
at different temperature cornbinations.

days = average number of days till the first opening flower

Number of plants per treatment = 9.

nr. ° °d sum %% days
1 25 13 408 100 77
2 25 17 472 100 90
3 13 25 504 100 g1
4 25 21 536 100 89
5 17 25 536 100 83
6 21 25 568 100 102
7 25 25 600 100 105
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3.2.7. Influence of temperature on the flowering of K. blossfeldiana.

Experiment 11. Analogous to B. daigremontianum flowering plants of K,
blossfeldiana cv. *Van der Dussen’ received different temperature treatments in
LD. A light temperature of 25°C was combined with dark temperatures of 9,
13, 17, 21 and 25°C. Although there was a variation of temperature sums from
472 to 600, no differences in flowering occurred within 2 months.

3.2.8. GA, + SD-induction of Bryophyllum pinnatum.

Experiment 12. Similar to B. daigremontianum the influence of temperature
on GAj; 4 SD-induction of B. pinnatum, another LSDP, was tested. Plants
obtained from cuttings were sprayed with GA; and received SD at different
temperatures in the phytotron.

Table 12 shows that only the extremely low and high temperature sums of
312 (21°/9°) and 600 (25°/25°) did not give 100%; flowering.

TaBLE 12, The flowering of B, pinnatum after GA5 + SD-induction at different iemperatﬁre

conditions . A
nr. °l °d sum flowering o

q %

1 pa | 9 312 14/16 87

2 21 13 392 16/16 100

3 25 13 408 16/16 100

4 13 21 440 16/16 100

5 21 17 456 16/16 100

6 25 17. 472 16/16 100

7 21 21 504 i6/16 100

8 25 21 536 16/16 100

9

25 25 600 4/16 25

3.2.9 GA; - SD-induction of Kalancho€ jongmansii.

Experiment 13. Plants grown up from cuttings in LD were moved to the
phytotron and received different inductive treatments.

Table 13 shows that GA,-treatment is necessary for induction in SD although
LD-treatment preceded. It is possible that K. jongmansii is a LSDP like B.

TasLE 13. The flowering of K. jongmansii as a result of GA; 4+ SD-induction at different
temperatures,

nr. °] o°od sum GA-treatment flowering
q Y
1 25 13 408 — 0/16 0
2 25 13 408 -+ 16/16 100
3 25 25 600 + 0/16 0
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nr: 2 1
nr. = treatment number of table 13

Puoto 11, Flowering of K. jongmansii as a result of SD + GAg-induction plus realization at
different temperature conditions,
Photo: 74 days after the beginning of the inductive treatment.

daigremontianum and B. pinnatum, but that rejuvenation occurred by the cut-
ting-procedure. More exact research on the daylength type is required. Treat-
ments 2 and 3 show that induction is possible at 25°/13° and not at 25°/25°.
This is similar to B. daigremontianum.

Photo 11 illustrates the results.

3.2.10. SD-induction of Kalanchoé manginii.

Experiment 14, Plants grown up from cuttings in LD were moved to the
phytotron and received SD at different temperature combinations.

Table 14 shows that no GA, is necessary for induction in SD. This means
that K. manginii is a SDP or a LSDP which was old enough at the shift LD —
SD.

Table 14 also shows that induction is possible at 25°/13° and not at 25°/25°.
This is similar to B. daigremontianum and K. jongmansii.

Photo 12 shows the results.
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TasLe 14. The flowering of K. manginii after temperature treatments in SD.

nr. 1 °d sum flowering
q Y
1 25 13 408 16/16 100
2 25 25 600 0/16 0

nr: 2 ' 1
nr. = treatment number of table 14

PHoto 12, Flowering of K. manginii as a result of SD induction plus reaiization at different
temperature conditions.
Photo: 74 days after the beginning of the SD induction.

3.3. THE FLORAL HORMONE OF BRYOPHYLLUM DAIGREMONTIANUM

3.3.1. Indirect induction and juvenility of B. daigremontianum.
ZEEVAART (1962) discovered that a vegetative, juvenile shoot of B. daigre-
montianum can be brought into flowering by grafting on a generative rootstock.
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Hence, the apex being able to react to floral hormone, the juvenility of B.
daigremontianum must be caused by the absence of the floral hormone under
otherwise inductive circumstances. This absence of floral hormone can be
brought about by the incapability of young leaves to be photo-induced or by the
incapability to produce the floral hormone. As already mentioned ;before (p. 2),
ZeevaartT and Lang (1962) found that vegetative receptor rootstocks of B.
daigremontianum, brought into flowering by grafting with a B. daigremontianum
donor, can act as donors to other vegetative scions in a next grafting: ‘indirect
induction’. When a juvenile shoot, brought into flowering by grafting, is able to
act as donor in a next grafting, this would mean that a juvenile shoot can be
brought to multiplication of floral hormone, resulting in donor capacity. In this
case juvenility would only exist of the inability to react to photo-induction.

Experiment 15. From young plants, grown from plantlets, shoots were cut
off, just when the fourth pair of leaves was developed. These shoots, with the
third and fourth pair of leaves, were grafted on GA,; 4+ SD induced rootstocks.
Just when the first floral bud became visible, the shoots were cut off and re-
grafted on vegetative defoliated rootstocks. The apical and lateral inflorescence
of the shoots were removed to prevent apical dominance to the lateral buds of
the rootstock. Unfortunately, the lateral buds of the rootstocks released very
slowly and did not flower. Even when in a next experiment the rootstocks were
decapitated 4 weeks before the grafting, to release the lateral buds sooner, no
flowering occurred. The question was put whether the downward movement of
the floral hormone of B. daigremontianum goes more difficultly than the upward
movement.

Experiment 16. Following Table 15, juvenile shoots r,, brought into flowering
by grafting on d, were regrafted on vegetative, defoliated rootstocks r;, which
were decapitated 4 weeks earlier. After 2 weeks, vegetative defoliated shoots r,
were grafted on the same juvenile shoot. The result was a generative juvenile
shoot with at least 2 pairs of leaves as interstock between a vegetative, defoliated
rootstock and a vegetative defoliated shoot.

Table 15 shows that juvenile shoots are able to act as donor, so that in this
case the juvenility is not a matter of non-production of floral hormone, but an

TasLE 15. Flowering of receptors r, of B. dafgremontianum grafted on vegetative or generative
rootstocks (grafting 1) and flowering of receptors ry, grafted with r, as interstock (grafting 2).

nr. grafting 1 flowering of ry grafting 2 flowering of r,
q % days q %  days
- - vee 0/12 0 o
1 — 615 0 o~ rt veg - - -
n T2~ veg. 0/12 0 o~
e T2 VB 1414 100 38
2 = 14/15 93 27 r” gen. - - -
d rs” veg. yia 1 82
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inability to react to photo-induction. An explanation for the poor result of
experiment 15 and the poor flowering of the rootstocks of the present experi-
ment is, that the downward movement of the fioral hormone of B. daigremon-
Hanum indeed proceeds very difficultly and slowly. This phenomenon is also
found in other experiments with B. daigremontianum. Table 15 also shows that
the number of days till visible flower bud is lower in grafting ! than in grafting 2.
An explanation is that in grafting 1 the donor with 6 pairs of well developed
Jeaves contained more floral hormone than r;* generative of grafting 2 with
2 pairs of small leaves.
Photo 13 illustrates the results.

nr: 1
nr, = treatment number of grafting 2 of tahle 15

PuoTO 13. 63 days after the last grafting.
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3.3.2. The result of LD and SD induction of B. daigremontianum as studied by a
shift of day length.

B. daigremontianum being a LSDP can be induced to flowering by LD,
followed by SD. BUnsow and HARDER (1956) and PeNnER (1960) found that
GA; can replace LD-treatment of B. crenatum as well as B. daigremontianum,
PeENNER moreover discovered that GA; can induce flowering in B. crenatum in
LD, however only when the plants were at least 6 months and received SD till
no more than 5 days before the GA-treatment. PENNER supposed that B.
crengtum produces, when old enough, a substance in SD and another substance
in LD. When these substances will come together, flowering occurs. PENNER
concluded that the SD substance is produced also when no LD treatment pre-
ceded. When the plants are shifted from SD to LD, the production of the LD
substance will proceed slowly and the SD substance will be broken off by LD
before enough LD substance is made. GA; however can replace the LD sub-
stance. If given before the SD substance is broken off, there will be flowering.

The question arose whether B. daigremontianum, like B. crenatum, produces
a flower forming substance in SD, independent whether LD preceded or not.

Experiment 17. Plants of 1 year with 15 pairs of leaves and grown in 8D

received 6 weeks SD at the temperature combinations 25°/13°, 25°/17°,13°/25°,
25°/21°, 21°/25°, 25°/25°. Next the plants were sprayed with GA; 100 ppm and
moved to LD 21°/13°. None of the 4 plants per treatment flowered.
. May be B, daigremontianum can be brought into flowering when there are
some cycles of SD between GA-treatment and the shift to LD. When the number
of these necessary SD-cycles is lower than the normal minimum number of 15,
necessary for SD-induction, it is obvious that SD before LD is active in B.
daigremontianum t0o..

Experiment 18. Vegetative plants of about 1 year with 14 pairs of leaves and
grown in SD were exposed to 4 weeks SD at different temperatures. Next the
plants were sprayed with GA; 100 ppm and after 0, 1, 5, 10 or 15 cycles of SD
21°/13° moved to LD 21°/13°, Only the plants with 15 cycles of inductive SD
after the GA, treatment flowered, independent of the preceding temperature
treatment.

The conclusion is that no SD induction occurs in B. daigremontiamsm without
preceding GA; or LD.

3.3.3. Effect of LD and SD as studied by grafting.

It is possible that LD-induction of B. dalgremontmnum results in the pro-
duction of a LD substance and SD results in the production of a SD substance.
Are these substances transmissable and can they be brought together by graft-
ing, resulting in a floral hormone?

RUNGER obtained negative results by giving different day lengths to two pairs
of leaves standing upright above each other. Nevertheless, grafting of two parts
of plants from different day lengths will be of interest.

Experiment 19. Shoots of adult SD plants were grafted on adult LD root-
stocks. The graftings were placed in a LSD cabinet (described by WELLENSIEK
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and ELINGS, 1967), where the scions received SD and the stocks LD. Although
the temperature conditions were favourable, being 22°/15°, none of the 10
graft combinations produced flowers within 3 months. Neither did the reverse
graft combination LD/SD. The conclusion is that the existence of graft trans-
missable substances, produced under LD- or under SD-conditions, could not be
demonstrated.

3.3.4. The role of GAs during the production of floral hormone.

ZEevaART and LANG (1963) found that CCC, applied to B. duigremontianum
during the SD-treatment after the shift LD — SD, suppresses the flower forma-
tion. As GA-treatment could nullify the CCC effect by causing flowering,
ZEevaART and LANG concluded that CCC prevented the activity of GA, pro-
duced by the plant under LD-induction.

The questions were asked: Is GA an induction factor for B. daigremontianum,
producing an inductive state, or is GA a permanently necessary building-
substance in the synthesis of floral hormone? Does a flowering plant only
continue to flower, when the production of floral hormone continues?

When GA is a precursor of floral hormone, and when continued production
of floral hormone is a condition for continued flowering, application of CCC to
flowering plants might have a disturbing effect on the flowering.

Experiment 20. Generative plants of B. daigremontianum, induced by GA; +
SD, were treated with CCC by administering to the roots 100 ml 4000 ppm
solution 3 X with intervals of 5 days. During and after the treatment the
flowering-pattern was compared with untreated control plants. However, during
4 months no differences could be observed. It is possible that the quantity of
applied CCC was not sufficient to nullify the amount of applied GA, but since
there are absolutely no differences with the controls, it is likely that GA, does
not play a role in the continuation of flowering.

3.4. SD-INDUCTION OF AN EARLY AND A LATE CV. OF K. BLOSSFELDIANA

For one cv., under certain conditions of light and temperature, a range of
inductive cycles can be given, resulting from aborting buds to 100 %/ flowering.
Hence K. blossfeldiana is a SDP with a quantitative flowering-reaction after
sub-optimal SD-induction.

In experiment 21 the inductive ranges of an early and a late cultwar were
compared. Plants of the early cv. “Vulcan® and the late *Van der Dussen” were
grown up from cuttings in LD. Inductive treatment was given in the SD-division
of a greenhouse. Table 16 shows that the inductive range of the early cv.
‘Vulcan’ lies between 7 and 14 cycles of SD.

The inductive range of the late cv. ‘“Van der Dussen’ is demonstraled in
Table 17 and lies between 21 and 28 cycles of SD. So there is a difference of
about 14 cycles of SD-induction between the early and the late variety.

Photos 14 and 15 illustrate these results.
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