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THEOREMS
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In carnation plénts differences in leaf numbers indicate whether initiation has
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flower primordia, buds, or open flowers.

This thesis

11
.
The present experiments have given no proof for an indirect effect of low
temperature on flower initiation of camation plants, so that the application of
the term vernalization in its generally accepted sense (e.g. CHOUARD, 1960) is

not justified.
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CHoOUARD, P. Ann. Rev. Plant Physiol. 11, 1960: 191-238.
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GonperMaAN, R, L. Proc. XVII Intern, Hort, Congr, 1, 1966: 200.

vV

Since regulators for increasing frost resistance may become available for
practical application, plant breeders might consider abandoning breeding for
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Micuniewicz, M., Kentzer, T., KrieseL, K. and PUurzycka, B,
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The psychological effect of agricultural mechanization is one of the means
for reducing the population explosion in underdeveloped countries.
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VIII

Encouragement coupled with expert criticism is the cheapest and most
difficelt method for increasing human activity and productivity.

IX

Determining the availability of the amino acids in diets, by measuring the
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1. GENERAL

1.1, THE GROWING OF CARNATIONS

Like many fragrant plants, the carnation has been grown for a very long time.
THEOPHRASTOS already mentions it as Diosanthos (flower of the Gods). The
wild species, Dianthus caryophyllus L., occurs in the Mediterranean area. The
great variability in flower colour of the cultivated forms no doubt arose by
mutation, but the strong and vigorous stems of the modern type are contributed
by some authors to the influence of D. suffruticosus Willd. and the perpetual
flowering habit to D. caesius Smith. There does not seem to be any critical
research on this, It is certain, however, that the modern carnation was bred in
France, and particularly in the USA where it was introduced in 1856.

Nowadays the carnation is an important flower crop and garden plant in
most affluent countries of the temperate zone. The modern cultivars flower the
year round with a great range of colours which comprises whlte pink, salmon,
red, violet and yellow.

In Spain, Southern France and Italy carnations are grown in the open. In the
more northern parts of Europe and in the USA they are grown in greenhouses.
This discussion will be limited tothe latter method of cultivation, which W111 be
shortly described.

The carnation is propagated by cuttings. The three principal sources for
these in commercial greenhouses are lateral shoots: 1. from flowering stems
either taken before the flowers were cut, or from the flower stems on the grading
bench, 2. which have developed following cutting the flowers in late spring, and
3. from mother plants grown especially for the product:on of cuttings. The latter
method is increasing in popularity.

Material for cuttings should be left on mother plants until they are of a uni-
formly large size: at least 5 to 6 pairs of expanded leaves and weighing at least
10 grams. After removing the cuttings from the mother plants they are usually
treated by an auxin to promote rooting (e.g. by naphthalene acetic acid at a
strength of 0.25 9% in talc).

Cuttings can be planted in different media for the rapid formation of healthy
roots. Commonly, coarse sand, mixtures of sahd and peat, or perlite are used.

Water is an essential factor in controlling root formation and diseases during
the propagation period. The amount of water used should be just enough to
prevent wilting. Excess water merely increases the leaching of sugars and
nutrients from the leaves and may elongate cuttings too much (HoLLEY and
BAKER, 1963). The best method for watering cuttings is the use of a mist
propagation system. Full sunlight during the propagative period produces
cuttings which grow most rapidly following propagation, This does not mean,
however, that carnation cuttings will fail to root under low light intensity.

Carnation cuttings are rooted under a wide range of temperatures. The ac-
cepted temperatures for winter propagation is 10°C air temperature to keep top
growth within bounds and a 3° to 5°C higher rooting medium temperature to
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stimulate root formation. Under such conditions cuttings usually root in 14-21
days.

'Slr“here are two methods for planting carnations: ‘Direct benching’ is the
method where the cuttings are planted directly in the bench where they are to
flower. A second method of producing young transplants involves the use of a
nursery bed or peat pots. The plants can be held here for 6 or 8 weeks and are
afterwards moved and planted into the production benches. As the planting
distance does not affect final yield much (at least not within the limits 15 to
25 ¢m) the grower is rather free in his choice, which will depend on other grow-
ing measures, e.g. pinching, supporting etc.

After the cuttings are firmly established in the soil they are stopped back by a
single pinch, later followed by a second. This second time, not all the young
shoots have to be pinched ; sometimes one pinches only half or three quarters of
them.

Disbudding is bound to be necessary and the plants should be gone over each
week to remove all the buds large enough to handle, except the terminal bud.
The unwanted buds should not be removed when very small as this is apt to
damage the stem, nor should the lateral buds be left until nearly fully developed,
for this takes food from the central bud and reduces the size of the ultimate
flower (CHITTENDEN, 1951).

The principles of support are to hold the body of the plant off from the soil
for a free circulation of air underneath, and to support the flower stems in a way
so as not to impair the plant in its freedom of growth, and leave free access to cut
the blooms with any desired length of stem (BAILEY, 1904).

Water should be given freely when needed and care be taken to make the
watering thorough, reaching the bottom of the bench,

The carnation is rather a heavy feeder, and quantity and quality of blooms
depend largely on the nourishment supplied. The necessity for feeding depends
on the richness of the soil, and to avoid a disastrous over-feeding, food has to be
applied judiciously. Nitrogen, potassium, phosphorus, calcium and trace
elements have been shown essential for carnation growth.

The flowers should be cut when they have developed to about three-quarters
of their final size, They are taken off with long stem cut just above a joint with
a sharp knife. Cutting should be done in the early morning and the flowers
should be put at once inte water in 2 dark room for a few hours, after removing
some of the lower leaves. If cut at the right stage the flowers will improve in
these conditions. The water should be only slightly cooler than the temperature
of the house from which the flowers are taken and the flowers should be given
plenty of room, stand erect and have three-quarters of their stems submerged in
the water which should be changed after 24-hour,

If flowers have to be sent any distance they should be packed in a strong box
and fixed so that they cannot move about,

Carnation may at various times be attached by various diseases, caused by
virus, bacteria and fungi. Some of these can be disastrous. In carnation houses
it is therefore necessary to carry out periodical soil sterilization by heat or
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chemicals. Also cuttings must be taken only from healthy plants. Meristem
culture is used nowadays to obtain virusfree material. Carnations may also be
attached by several pests such as spider mites, aphids or thrips.

Although carnations are being grown successfully for 2, 3 and even 4 years,
the most profitable system is 2-year, After this period it is too difficult to control
the diseases.

1.2, REVIEW OF LITERATURE
1.2.1. Lighs

Originally the carnation was a long day plant, flowering only in summer, The
development of its perpetual flowering habit by the French breeders, and later
by American breeders rid this plant of most its response to daylength, The
modern carnation has been considered as insensitive to photoperiod as it will
flower under all daylengths. However, LAURIE and PoEscH (1932}, ARTHUR and
Harvicr (1938), and WHITE (1960) obtained an increase in flower production
with additional illumination. PoxorRNY and Kawmp {1960) carried out an exten-
sive cxperiment on the effect of photoperiods of 8 and 16 hours on the variety
‘Sidney Littlefield’. They concluded that plants grew better and flowered earlier
under a 16-hour photoperiod. Planis in an 8-hour photoperiod had longer
stems, a lower yield, slightly larger flowers and more side shoots than those in a
16-hour photoperiod,

Relatively few workers have attempted to distinguish between the effects
of the photoperiod flower initiation and the effects on subsequent flower
development. Post (1952) and RUNGER (1957) stated that flower bud initiation
was not affected by daylength, but that subsequent flower development was
more rapid in long days than in short days, BLAkE (1953) classified carnation
as a facultative long day plant with respect of flower initiation. His experiments
showed that flower initiation was delayed by short day. BLAKE and HARRIS
(1960) and HArrIs and HARRIS (1962) reported similar responses to daylength.
They also stated that photoperiod had no appreciable effect on growth in terms
of dry weight or on rates of leaf initiation, but that internode length was greater
in long days than in short days.

BLaxE (1956) found that up to the time of flower bud initiation daylength was
the most important environmental factor. Once the buds were formed, tem-
perature became more important than daylength.

Harris and GRIFFIN (1961) and HaRris and Harris (1962) found that a
period of illumination given in the middle of the night was more effective in
promoting flower initiation than an equivalent period given to extend the day.
In these experiments, internode length was more affected by the night inter-
ruption.

Effects of light intensity on flower initiation have received little attention.
The effect of light intensity on growth and flower production of carnation in
glasshouses has been noted by HoLLEy (1942). NELsoN and KIPLINGER (1957)
found that flower initiation was most rapid in the summer months and atiri-
buted this to higher light intensities at that time of year. Harris and HARRIS
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(1962) reported that low light intensities delayed flower initiation and that this
delay was associated with reduced rates of growth in terms of dry weight,
reduced rates of leaf initiation and an increased number of leaves formed below
the flower. They also found that under the low light intensity of mid-winter leaf
initiation continued but lower initiation was inhibited.

1.2.2. Temperature

HoLLEY and BaAkER (1963) reported that carnation is very sensitive to tem-
perature. This factor strongly influences such practically important characteris-
tics rate of growth, size and shape of flowers, stems and leaves, water content of
the plant tissues and keeping quality of the cut flowers. HALLIDAY and WATSON
(1953), BLAKE and SPENCER (1958), Harris and Harris (1962) found that low
night temperature caused flower initiation to occur after fewer leaves had beenfor-
med and that, conversely, high night temperature delayed flowerinitiation and in-
creased the number of leaves formed below the flower. Post (1942), RiUNGER
(1957) and Brake and SpencER (1958) also noted that relatively high tem-
perature may be retard flower initiation, but found it promoted the develop-
ment of the flower subsequent to initiation. BLAKE and SPENCER (1958) reported
that in the variety “White Sim’ flower buds appeared earlier when night tem-
peratures were low (40° or 50°F) than when they were high (60°F).

HaNAN (1959) found, that the highest average quality of the flowers was
obtained when the plants grown at a day temperature of 65°F and a night tem-
peratare of 52°F. FREEMAN and LANGHANs (1965) reported that temperature
did not greatly affect the total production of flowers, but that it affected the
percentage of flowers with a split calyx, although the precise relationship was
not clear. In addition, temperature controlled the grade of flowers.

HoLLry and BAKER (1963), LAURIE et al. (1958) and Post (1949) considered
50°F (10°C) the best growing temperature for the carnation. According to
HoLrey and BAKER (1963), SCHMIDT grew the variety ‘Red Sim’ under accu-
rately controlled night temperatures of 48°-50°, 50°~52° and 54°F with a
relatively constant day temperature (fluctuating between 60° and 68°). He
concluded that in Colorado 50° or 54 °F was the ideal night temperature. Several
workers report that increasing the growing temperature of carnations above the
generally recommended values led to a decrease in internode length, stem length
and stem dry weight, an increase in node number, and a decrease in leaf width.
Growth became weak, plants budded sooner, flower bud initiation and devel-
opment were hastened, and so was flowering, flower colour was improved,
flower size and weight decreased, petal weight and number decreased, the
quality of flowers was lower, but the keeping life of cut lowers increased.

In addition to direct effects of temperature on flowering in carnation, there
may also be indirect effects., A pre-treatment at a low temperature appears to
promote subsequent flowering, BLAKE (1956) in a preliminary report stated that
a period of 3 weeks or more at 36°—41°F given when the plants had 9 to 11 pairs
of leaves caused flower initiation to occur at a lower node number, provided that
the cold treatment was followed by long days and low temperature conditions
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(50°F night temperature). Short-day conditions and high temperature given
after the cold treatment were claimed to reverse or reduce the effect. HARRES and
Harris (1962) also found that a low temperature treatment (40°F=4.5°C for
one month) promoted subsequent flower initiation and reduced the number of
leaves formed below the flower.,

1.2.3. Gibberellic acid

In 1956 LANG found that biennial Hyoscyamus niger, which requires a period
of low temperature followed by long days to flower, could be induced to flower
without Iow temperature by the application of gibberellic acid (GA,). Since
then, GA has been shown to induce flowering not only in non-vernalised cold
requiring plants, but also in many long day plants grown under short day
conditions, GA does not promote flower initiation in short day plants. Bryo-
phylium crenatum and B. daigremontianum, which require long days followed by
short days to flower, are induced by GA to flower in continuous long days
(Bunsow and HArDEr, 1956). In Chrysanthemum morifolium ‘September
Yellow’, GA substituted for low temperature but not for short days (DOOREN-
BOS, 1957). ‘

This negative reaction of short day plants appears to be general, but the rule
that GA substitutes for low temperature and long days has still many exceptions
(e.g. WELLENSIEK, 1958). .

EBBEN (1959) was the first and so far the only author who applied GA; to
carnations, His aim was to obtain more or longer cuttings from mother plants,
and to induce faster plant growth in order to reduce the possibility of wilt
pathogens penetrating the young shoots, He found no response of several
months old stock plants when lanolin paste with 1%, GA was applied to the
base of the stem where small axillary shoots had begun to appear. One month
old plants however, to which 20 cc of water was applied with 0.2 mg of GA
showed an acceleration of shoot growth which after 17 days had led to a
40-43 % increment over the controls,

1.2.4. Timing of carnation crop

BinG (1960) in Long Island, USA, reported that January planting gave a
heavy crop of flowers from June onwards, i.e. after 5 months, The April
planting flowered profusely in July (3 months). The July planting flowered well
in October (3 months) and November but poorly from December to March.
The August planting flowered fairly well during the winter months. The Sep-
tember planting did not flower profusely until April, i.e. after 7 months, A
better winter production was obtained by early planting followed by contin-
uous pinching from July to early September. An Auvgust pinch gave an even
better winter production. HoLiey and HiLw (1961) in Colorado, USA, reported
that planting carnations in May or June followed by a single pinch produced a
higher grade of flowers during the following winter and early spring than plant-
ing on July 15. DaviDsoN (1953) equated the available light during each month
with the light in June = 100, and calculated that in Rutgers, New Jersey, for

Meded. Landbeuwhogeschool Wageningen 67-13 (1967} 5



instance, January and December have on the average only sufficient light to
give 30% of the growth in the month of June. KorNs and HoLLEY (1962} in
Colorado, USA, reported that while for the periods beginning in November and
December light energy decreased to about 459 of the energy in the month of
June, carnation growth decreased to 15 %] of the fastest rate in June.

One may assume 2 relation between the reaction of the plant to light inten-
sity and the prevailing temperature. HANAN (1959) advised carnation growers to
let day temperature closely follow the available light intensity. Also MANRING
and HoLLEY (1960) reported that the day temperature should vary with the
amount of solar energy received by the plants. They concluded that when solar
energy is high (May to August) in Colorado, USA, the day temperature should
be 18° to 21°C; and it should be decreased gradually by decreasing the solar
energy. In January, when the solar energy is small, day temperature should be
14°C. They reported also that night temperature should be 10° to 12°C the
whole year.

HoLLEY and WAGNER (1952) stated that with carnation plants pinched once
most growers in Colorado, USA, should be able to produce two complete crops
in a year, HoOLLEY, (1959) stated that when light is limiting the second (return)
crop often extends over a period of at least 10 to 12 weeks; in general, the
higher the amount of solar energy at the time a crop is cut, the shorter the
duration the harvesting period. Horr Ey and Baker (1963) reported that two
complete crops of flowers can be cut from ‘single-pinched’ plants in a period of
38 to 47 weeks following the planting of rooted cuttings. Planting on May 15
produces 2 crops in the shortest possible time; plantingin late June and July leads
to the longest time io finish two crops. Bing and Maier (1953} found that in
Long Tsland, USA, the period between first and second crop varies between
3 and 9 months. The return crop from a September cut takes 5-9 months to
develop; while the return crop from a February cut only takes 3—5 months.
Shoots left when the flowers have been cut in mid-January usually flower in
June. The return crop from the September cut is harvested over a long period of
time while the return from the February cut gives a high percentage of flowers in
a relatively short period in June and early July.

From the data reported in the literature it appears that the evaluation of the
effect of a certain planting date depends on which aspects of the crop is con-
sidered, If the criterium is the time between planting date and harvesting one
would favour planting between April and Fuly as this leads to flowers after
3 months. If on the other hand one is primarily interested in a good crop during
the winter months, one should plant in August. Finally, if the time between the
first and second crop is an important criterium one should consider planting in
August; the plants will flower in February and the return crop will take 3-5
months, at least under Long Island conditions.
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1.3. SCOPE OF THE INVESTIGATIONS

The object of the investigations was to study the effects of photoperiod, light
intensity, and temperature on growth and development of the carnation plant,
making a clear distinction between the effects of these factors on each stage of
plant development from planting to anthesis, with an emphasis on the actual
flower initiation. Particular attention was paid to the effects of a period of low
temperature on subsequent flowering behaviour. Also the effect of gibberellic
acid on growth and flowering was studied. The data on the effect of light and
temperature were used to get some insight into the relation between planting
date and flowering in the greenhouse,
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2. MATERTAL AND METHODS

2.1. PLANT MATERIAL

The cultivar *“William Sim’ was used in most of the experiments described
here, This variety was produced in 1938 or 1939 by WiLLiamM S of North
Berwick, Maine (HoLLEY and BAKER, 1963). It is the most successful carnation
variety produced so far. Grown wherever carnations are found, it is the leading
cultivar in most places. It has given a large number of mutations. One of these,
‘Keefer’s Cheri Sim’, was used in some experiments when ‘William Sim’ was not
available, Tt may be assumed, however, that the sport although it differs in
flower colour, is identical with the mother cultivar in its physiological reactions.

All experiments started from rooted terminal shoot cuttings, 10—15 cm long
with 5 to 7 pairs of expanded leaves. They were obtained from Messrs. P. Kooy
GzN and ZN, Aalsmeer.

One or two weeks after planting the cuttings were stopped back by pruning
away the stem tip. At this time of stopping usually several of the plants had
macroscopically visible flower buds. It may be assumed that in these cases
flower initiation had occurred before the cuttings were taken from the stock
plants. There was no evidence of any difference in the growth or flowering
behaviour of the shoots from generative and vegetative plants, provided of
course the generative plants were stopped back to a vegetative bud and not to
one of the flower buds which develop in the axils of the five or six leaf pairs
immediately below the terminal flower (HaRRIS and HARRis, 1962). Of the
shoots which grew out as a result of stopping, only the uppermost one or two
were retained. The others were removed at an early stage.

The rooted cuttings were planted in 10-14 cm plastic pots containing steam
sterilized soil.

2.2, GROWTH CONDITIONS

Many experiments were carried out in the phytotron, earlier described by
DooreNBos (1964). Plants could be grown either in strong fluorescent light
(Philips TL 40W/55, maximal intensity 40.000 erg cm? sec! (measured with a
flat photometer at table level in the center of the room), or under natural day-
light, both at temperatures of 9°, 12°, 15°, 18°, 21° or 24°C. The plants could
also be placed at approximately 22°C under 12 different light conditions: day-
length 8, 12 or 16 hours, relative light intensities: 25%, 50%, 75% or 100%,
corresponding with about 11.000, 22.000, 32.000 or 40.000 erg cm® sec! in
each daylength. '

Some experiments were carried out in greenhousés, which were heated during
winter but could not be cooled during the summer, The temperature was fairly
constant at 20°C in winter, but in the summer months it was often higher during
the day time.

Some photoperiodic and shading experiments were carried out on trolleys in the
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open. The plants received 8 hours of natural light outdoors from 8,30 A.M. to
4.30 P.M. and were then moved into sheds. Long day conditions could be
created by extending the natural days with 40 Watt incandescent bulbs. These
lamps were usually 50-60 cm above the planted benches and 75 cm from each
other.

Low temperatures were applied by placing plants in refrigerated rooms with
a constant temperature of 5°C under either short day conditions (8 hours
fluorescent light, one Philips TL 40 W/29 of 1.2 m length per 0.5 m2), long
day conditions (16 hours fluorescent light, the same source), or continuous
incandescent light (24 hours incandescent light, one Philips Philinea tube 120W
and 1 m length per 0.45 m?).

2.3. ABBREVIATIONS

The abbreviations which will be used througiout are as follow:
AL :artificial light
F1, :fluorescent light
GA,: gibberellic acid
Inc :incandescent light
LD :longday
NL :natural light
S :shaded
SD :short day
Uns : unshaded

2.4. OBSERVATIONS

Im all experiments, the following data have been recorded:
Number of days from planting to microscopically visible flower bud initia-
tion.
Number of days from planting to flower bud emergence from the leaves.
. Number of days from planting to visible flower colour.
Number of days from planting to anthesis (flower maturity).
. Number of leaf pairs below the flower.
. Number of internodes.
. Internode length.
. Stem length,
9. Stem diameter.
10. Length and width of leaves.
11. Flower diameter.
12. Number of petals.
13. Fresh weight of flower, leaves and stem.
14. Dry weight of flower, leaves and stem.
To present all these data in the present publication would have required too
much space. The tables therefore give only a representative selection from the
total amount of data.
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2.5, STAGES OF FLOWER BUD INITIATION

The vegetative apex of carnation plant is morphologically a simple structure
initiating leaf primordia in alternating pairs. The two opposite initials appear
to arise simultaneously and to continue growth at an almost identical rate. At
maturity the two leaves of a pair have approximately the same areas and dry
weight (HOLLEY, 1942). The primary characteristic of this vegetative stage is the
blunt or round apical meristem (Fig. 1 A).

Prior to the formation of the sepal primordia the apex appears to elongate and
this elongation is thus the first visible sign of the switch from vegetative to
generative development. Two pairs of bracts are initiated before the actual sepal
primordia; in the initial stages, these are indistinguishable from leaf primordia
(THOoMPSON, 1944; Puri, 1951). The sepals arise in a whorl near the tip so that
the apex appears broader and flatter. It also increases in size (Fig. 1B). The
sepals grow rapidly and arch over the other primordia; at this second stage of
calyx initiation it appears as a kind of tube (Fig. 1C). In the final stage of initia-
tion the calyx (Fig. 1D) clearly shows five sepals.

By removing part of the calyx (Fig. 2E), the petal primordia can be observed.
The apex ceases active growth with the formation of two or more carpel pri-
mordia, which grow up and over the apex, thus forming the ovary cavity. The
central core of tissue forms the placentas bearing the ovules in an axile arrange-
ment (BLAKE, 1962); while the primordia unite and extend to form the styles.
During the beginning of style initiation, it is impossible to distinguish yet
between petals and stamens because their primordia look very similar.

When the stamens can be distinguished (Fig. 3) it also becomes apparent
exactly how many styles there will be in the flower. In this stage all individual
flower parts have been formed. Fig. 4 shows the styles in a flower bud just
before the emergence of the flower bud from the leaves.
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3. LIGHT

3.1, INTRODUCTION .

It was mentioned in chapter I that the modern carnation has often been
considered to be insensitive to the photoperiod. Some workers, however,
obtained an increase in flower production with additional illumination, It has
also been reported that flower bud initiation is delayed by short days and low
light intensities.

The development of the carnation plant from planting of the cutting to
anthesis may be divided into four stages, namely: (1) the vegetative stage (from
planting until flower initiation); (2) the stage of flower initiation, i.e. the
differentiation of the individual flower parts; (3} the development of the visible
flower bud to the appearance of the flower colour; and (4) anthesis.

In this investigation of the effects of light (duration and intensity) on growth
and flowering, particular attention was paid to its effect on the separate stages
of the plant growth, especially on the actual time of flower bud initiation.

3.2. (GENERAL EFFECTS OF LIGHT

Experiment 1. — In this preliminary experiment the effects of different
periods of artificial light on growth and flower bud initiation were studied. On
March 1, 19635, rooted cuttings of the varicty “William Sim’ were planted. After
one week they were stopped back and moved to the phytotron where they
exposed to 8, 12 or 16 hours AL at a temperature of 22°C., Sixteen plants were
used for each treatment,

Results (Tables 1 and 2): The plants which received 8 hours of light initia-
ted flowers after 30 pairs of leaves; those in 12 hours of light after 24 leaf pairs
and those in 16 hours after 20 leaf pairs. This shows a strong effect of light on
the physiological moment of flower initiation, As could be expected, the effect
of light on the moment at which flower initiation became visible was also consid-
erable. Not only were flower primordia laid down at a much later date in § hours
of light than in 16 hours, but also the time between microscopic flower initiation
and flower bud emergence from the leaves was much longer (86 vs. 23 days) and
the same holds true for the period between flower bud emergence from leaves
and anthesis (47 vs. 25 days).

Tasce 1. Experiment 1 — Flower initiation and development (in days from planting) in plants
grown in 8, 12 or 16 hours of artificial light (AL). Averages of 8 plants.

AL
8 hours 12 hours 16 hours
Microscopically visible initiation 154.0 105.0 91.0
Flower bud emergence from the leaves 239.7 178.8 113.7
Colour 278.7 205.7 140.0
Anthesis 287.3 216.1 149.0
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As could be expected because of the larger number of internodes, stems were
longer in 8 hours than in 12 or 16 hours of light, although mean internode
length was greater at higher light quantitics. At high quantities, stems were
thicker, leaves shorter but broader, and flowers were larger and had more petals.

TasLe 2. Experiment 1 — Effects of 8, 12 or 16 hours of artificial light (AL) measured at the
time of flowering. Averages of 8 plants.

AL

8 hours 12 hours 16 hours

Number of leaf pairs below flower 30.3 24.0 19.8
Length of leaf (cm) 10.2 10.3 3.7
Width of leal (mm) 7.3 7.9 9.1
Stem length (cm)} 100.7 914 88.0
Mean internode length (mm}) 34.2 412 47.0
Stem diameter (mm) 2.8 31 33
Flower diameter (mm) 57.3 63.5 63.1
Number of petals 55.0 56.6 69.7
Total dry weight of plant (g) 6.4 6.2 4.8

Because of the shorter stems and smaller number of leaves, however, the total
weight of the plant at flowering time was lower at higher light quantities.

In conclusion, it is clear that light has an enormous influence on both growth
and development of the carnation. From this preliminary experiment it is not
clear whether this is due primarily to light intensity or to the photoperiod. This
was studied in subsequent experiments; the effect of photoperiod in experiments
2 to 5 and the effect of light intensity in experiments 6to 9.

3.3. EFFECTS OF DAYLENGTH

3.3.1. General effects on initiation and flowering

Experiment 2, ~ Effect of daylength on flower initiation and development.
On May 22, 1965, rooted cuttings of variety ‘“William Sim’ were planted, and on
June 10, they were stopped back and the treatments were begun. The plants
received 8 hours natural day light (NL) from 8.30 A.M. to 4.30 P.M,, which was
extended by weak light from 40 Watt incandescent lamps to photoperiods of
8, 12, 16 or 20 hours. There was a fifth group which received natural daylength,
There were 16 plants in each treatment.

Results (Tables 3 and 4): From the data of this experiment (Table 3) it is
immediately clear that the differences in flower initiation found in experiment 1
are mainly due to the photoperiod. A long duration of the supplementary
irradiation led to a smaller number of leaves below the flower, i.c. to quicker
flower initiation. The development of the primordia into an open flower also
proceeded faster as the photoperiod was longer. This acceleration could be
noticed in all stages of flower development. The flower had a greater diameter
and more petals when the photoperiod was longer.
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TasrE 3. Experiment 2 — Effects of photoperiod (8 hours natural light + 0, 4, 8 or 12 hours
incandescent light), Averages of 16 plants.

Photoperiod
8§10 844 8+8 8412 NL

Number of leaf pairs 19.3 18.7 16.0 14.6 15.2
Days from planting to anthesis 175 © 158 130 115 151

The difference in stem length noticed in experiment 1 also proved to be due to
the photoperiod: the longest stems were found in the longest photoperiod, a
consequence not of internode number, which was smaller, but of much greater
internode length. The diameter of the stem did not show the same trend as in
experiment 1 as it decreased with increasing daylength,

This may be ascribed to the strong elongation of the internodes in long day.
In experiment 1, a long day meant more light and more photosynthesis, so that
theinternode could expand bothin length and in width. In the present experiment,
however, light quantity did not increase with light duration so that the length-
ening of the internodes catised by a long photoperiod had to proceed at the cost
of stem width.

In contrast to experiment 1, there was no difference in leaf length, nor in leaf
width. The total leaf area was, of course, larger in the plants at the shortest
photoperiod, because of the greater number of leaves,

The refation between photoperiod and dry weight of the different organs can
be explained by the foregoing: as the photoperiod increases, flower dey weight
increases, stem dry weight decreases and leaf dry weight decreases very strongly.
Otwviously, total dry weight is lower as the photoperiod is longer,

Tasre 4. Experiment 2 — Effects of photoperiod (8 hours natural light - 0, 4, 8 or 12 hours
incandescent light) on the dry weight (g). Averages of 10 plants.

Photoperiod
840 8--4 8§48 8+12 NL
Flower (g) 1.66 1.65 1.80 1.75 1.30
Leaves (g) 4.46 3.61 3.01 2.18 308
Stem (g) .84 31.99 an 3.16 4.10
. Total weight (g) 9.96 9.25 8.52 7.09 8.48

The group of plants in natural day are not strictly comparable. As the day-
length in early summer is long, the values could be expected to lic between those
of the groups that received 8§48 and 8--12 hours of light. In general, this is the
case. It is striking, however, that the flowers of this group were small (although
the number of petals was as could be expected) and that stems and leaves were
rather short,
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Experiment 3. — On October 20, 1965, rooted cuttings of the variety
“William Sim’ were poited and on November 3, the plants were stopped back
and the treatments were begun. The daylengths employed were: (1) ‘short
day’ = natural day in winter (7 to 8 hours). (2) ‘long day’ = natural day ex-
tended by 40 Watt incandescent lamps to a 20-hour photoperiod. The tem-
perature was about 15°C, but after 5 months from planting it was increased to
about 20°C. Fifteen plants were used for each treatment.

Results (Tables 5 and 6): The data show that even when the plants are
exposed to the weak light intensity of winter at this latitude, flowering is
promoted by extending the day by weak incandescent light. The difference
between the plants in an 8 hour and those in a 20 hours photoperiod was even
more pronounced than in the previous experiments. The difference in internode
number was about 7, so that although the internodes in 20 hours were ‘stretched
to capacity’ (they were only half as thick as those in 8 hours), total stem length
was still greater in 8 hours. The internodes in both § and 20 hours were larger
than those in the corresponding group of experiment 2, which points to an
etiolating effect of the weak winter light. The flowers were smaller in 20 hours
than in 8 hours. The differences in dry weight of all organs were very pronounced
and proportionally much larger than those in stem length and leaf number. One
may perhaps conclude that at low light intensity the stimulation of elongation
by the extension of the photoperiod upsets the balance between photosynthesis
and growth and causes the plants to become etiolated. Meanwhile, the pro-
motive effect of long photoperiod on flower initiation is maintained.

TaBLE 5. Experiment 3 — Effects of an extension of natural day during winter to 20 hours with
incandescent light on flower initiation and development. Averages of § plants.

Photoperiod
NL 20 hours (NL+inc.)

Microscopically visible initiation 108 days 59 days
Flower bud emergence from the leaves - 157 : 78
Colour 192 147
Anthesis 208 158

TagLE 6. Experiment 3 — Effect of an extension of natural day during winter to 20 hours with
incandescent light. Averages of 8 plants.

Photoperiod
NL 20 hours (NL+1Inc.)

Stem length (cm) 92.1 729
Stem diameter (mm) 5.0 2.6
MNumber of internodes 18.9 117
Mean internode length (mm) 46.0 57.7
Flower diameter (mm) 7.5 60.8
Dry weight of flower (g) 1.85 0.75
Dry weight of leaves (g) 3.06 0.46
Dry weight of stem (g) 4.90 0.78
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3.3.2. Effect of changes in daylength before and at the time of initiation

Experiment 4. - This experiment was carried out in the artificial light rooms
of the phytotron. On October 20, 1963, rooted cuttings of the variety ‘William
Sim’ were planted and on November 2, they were stopped back and the treat-
ments were begun. One group of plants was grown in 16 hours of artificial light
(AL) at 75% of maximum intensity and moved to 12 hours AL of 1009
intensity and vice versa. Another group was changed between 16 hours AL
509 and 8 hours 100% and vice versa. This means that for both groups the
amount of light was the same but the photoperiods differed. The plants were
changed from one photoperiod to another 8 weeks after stopping, i.e. well
before flower initiation, and after 13 weeks, i.e. at the time of initiation. The
temperature was 22°C. These were 12 plants in each treatment, On May 20,
1966, the treatments were terminated. At that time, three of the 12 treatments
had not yet flowered.

Results (Tables 7 and 8): Tt is again confirmed that long photoperiod
promotes flower initiation. The plants in 16 hours (75%) initiated flowers after
18.9 internodes and those in 12 hours (100 %) after 21.7 internodes. The data also
show that the daylength in which plants were grown for the first 8 weeks had
little effect on flower initiation. The plants in 16 hours 75%,/12 hours 1009
initiated flowers after 21.3 internodes, which is about the same as the 21.7 inter-
nodes formed by those in 12 hours 1009 continuously, while the number of
19.5 internodes formed in 12 hours 100%;/16 hours 75% is close to the 8.9
internodes formed by plants in 16 hours 759 continuously. This is confirmed
by the flowering behaviour, as determined by the number of days from flower
initiation to anthesis. When plants were shifted after 13 weeks internode
number was intermediate between the internode number of plants that stayed
in 16 hours 75 % or 12 hours 100 % throughout. Again, the period from initiation
to anthesis shows the same trend.

TabLE 7. Experiment 4 — Effects of changing the plants from 16 hours at 75% intensity to
12 hours at 100 % intensity after 8 or 13 weeks. Averages of 7 plants.

8 weeks 13 weeks
16 hours 12 hours

759, 100%  16hrs75% 12hrs100% 16 hra 759 12 hes 1002
12hrs 100%  16hrs75% 12 hrs 100% 16 hrs 75%

Number of internodes 18.9 21.7 21.3 19.5 20.0 20.2
Stem length (cm) 90.0 78.3 83.0 87.0 76.8 82.8
Mean internode length

(mm) 453 3136 37.9 41.8 35.8 38.6
Number of petals 55.4 49.0 53.0 59.0 54.3 52.7
Total dry weight of

plants {g) 47 5.1 5.1 4.8 5.1 4.7

The data show that the differences caused by the photoperiod concern mainly
the number of days between the beginning of the treatments and microscopically
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