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CHAPTER 1

GENERAL INTRODUCTION ON JUVENILITY

¢

1. DEFINITION OF JUVENILITY

Plants undergo a series of growth phases during their development from seeds.
These phases are generally referred to as the juvenile, and mature or adult
phases, with more or less gradual transitions. According to BLAIR ef af. (8)* and
O’RourkE (89), GoEeBeL (43) as early as 1900 observed the ready rooting of very
young woody seedlings which at a later age did not root easily or not at all. He
introduced the term juvenility to describe this physiological condition. Also
with regard to flowering a juvenile phase can often be recognized. The juvenile
phase with regard to vernalizing low temperature is a period from sowing in
which low temperature is ineffective (121). WELLENSIEK et al. (129) defined the
juvenile phase with regard to photoperiodism as a period from sowing during
which the plant does not yet react to the relative length of day and night.In
literature several indications, such as aging, a minimum vegetative size, wild
stage, primary stage, sterile stage, and immature condition, point to this juve-

® These figures refer to literature references at the end.
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nile phase. In general, the juvenile phase can be defined as a period from seed
germination during which no flower initiation can take place under conditions
which are favourable during a later stage.

2. DURATION OF THE JUYENILE PHASE

The juvenile phase may vary even between varieties of the same species. In
annuals it requires a few weeks or months after germination. In biennials a pe-
riod of some months is required and in woody shrubs and trees usvally a much
greater period is necessary, The last also holds true for most bulb flowers.

Instances of juvenility in herbaceous plants are the following. BORTHWICK
and PARKER (9) stated, that no plants of Biloxi soybean responded to short day
when treated one week after planting until the plants are at least six weeks old.
WELLENSIEK (124) stated that the juvenile phase in Campanula medium normally
lasts about 4 months for short day treatment and 5 months for vernalization.

In woody plants the following illustrations of juvenility can be mentioned.
KNIGHT (66) stated, that the raspberry requires 2 years, vine 3 or 4 years, plum
and cherry 4 or § years, apple 5-12 or 13 years and pear from 12-18 years,
Frost (37), in describing Citrus breeding work in California, stated that at least
5 or 6 years are required from seed to earliest fruiting. FURR et al. (38) stated
that normally Citrus seedlings flower for the first time at 5-10 years of age.
SAvaGE (cf. 38) estimates that the time usually required for seedling trees on
their own roots to flower is about as follows: tangerines 57 years, sweet crange
67 ycars, grapefruit 7-8 years, tangelo 5-8 years or may be longer. FRITZSCHE
(34) pointed out that the juvenile stage for apple takes 5 years and for pear 6-7
years. MICHURIN (85) has found flowering in apple seedlings after 4 years, but
mostly after 8-12 years. For pear he gives 10 years as the earliest. Seedlings of
peach begin to flower in 2 or 3 years; seedlings of one variety of apple, namely
“Wealthy’, may flower at the age of 3 or 4 years, but others such as of “Northern
Spy’ may set flower as late as 15 or 20 years old (21, 69). According to FRANK
and RENNER (33), English ivy, Hedera helix, requires 10 years or more from seed
to adultness.

From the above literature citations it follows that the duration of the juvenile
phase may vary considerably among different species, while in certain plants it
may last several years.

3. CHARACTERISTICS OF JUVENILITY

Juvenility may or may not be accompanied by differences from the mature
individual such as leaf shape and size, leaf abscission, phyllotaxy, thorniness,
ease of rooting of cuttings, growth habit and flowering. StouTemyer (107)
found that the juvenile form in apple is characterized by thin leaves and lack of
pubescence. ROMBERG (98) described the juvenile stage in Carya pecan as sterile
with reddish pubescent leaves. PASSECKER (90, 91) reported that the juvenile
stage of apricot resembles the wild tree, while the mature form more closely
resembles the cultivated types. Also, he concluded that apricot, peach, apple,
pear and walnut have a juvenile phase in which both the form of the leaves and
the anatomy of the branches differ from the adult stage. With apple and pear
seedlings, FriTzsCHE {34) found further differences in mode of branching, bark,
bud break, leaf surface, leaf serration and leaf size. He pointed out that young
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seedlings of apple and pear have small leaves and horizontal thorny branches.
O’'Rourke (89) assumed that the thorny condition of honey locust was associa-
ted with the juvenile growth phase and the relative ease of vegetative propaga-
tion. Sax (100) showed that the juvenile leaves of pecan are entire, while the
adult form has compound leaves. In ivy, Hedera helix, these differences are well
recognized, the juvenile stage has creeping or climbing shoots, lobed leaves,
aerial roots, 2/2 phyllotaxy and somewhat flattened stems, while the adult form
has entire leaves, no aerial roots, little or no pigment in stem or petioles, 2/5
phyllotaxy and rounded stems (29, 97). Frosr (35) reported that Citrus seed-
lings produced either by gametic or apogamic means, are thorny in their earlier
life but as they mature, the shoots upward and outward from the trunk gradu-
ally lose the thorny condition. SwiNGLE (108) has discussed thorniness asa juve-
nile characteristic following seed reproduction, sexual or asexuval, in Cirrus.
Frost (36), and HopGsoN and CaMmeRoN (55) have reported that young clones
produced by apogamy (nucellar embryos) are more juvenile in appearance and
characteristics than the old clones from which they arise. FURR e al. (38) pointed
out that the juvenile seedling in Cizrus is characterized by great vigor of growth,
erect habit and numerous large thorns.

All these cases refer to woody plants, Although in herbaceous plants the juve-
nile phase may be morphologically different from the adult phase, no clear
cases from the literature have come to my attention, besides Brussels sprouts.
STokES and VERKERK (106) stated that the seedlings pass through a juvenile
phase during which the apex of the stem is somewhat flat and the growing point
itself very small. At the time of the raising of the growing point, there is a very
rapid change in the appearance of the plant, mainly due to an increase in the
stem size. The stem of the young seedling gradually thickens as it grows up, so
that the ratio of the dry weights of leaves and roots to the dry weight of stem
gradually decreases, until it reaches a minimum at puberty. This ratio remains
approximately constant in the adult vegetative stage and the plant can initiate
flowers as soon as the environment permits.

We conclude that both in herbaceous and in woody plants the juvenile plants
may differ morphologically and physiologically considerably from the adult
ones, although thusfar relatively little attention has been paid to herbaceous
plants.

4, INFLUENCING THE DURATION OF THE JUVENILE PHASE

SwiINGLE (108) suggested that the cause of the juvenility of nuceliar embryos
in Citrus might be hormone-like substances located in the embryo-sac apparatus.
StouteMYER (107) suggested that one or more hormones may be responsible for
the change in growth phases and the occurrence of sexual maturity in plants.
FriTzscHE (34) also suggested that juvenility may be due to the influence of cer-
tain hormones. ROBBINS (97) stated that the origin of the juvenile and adult
stages must be looked for in the activity of the apical meristem which changes or
is changed with the age of the plant. WarenG (118) concluded that the juvenile
and adult conditions involve different states of the cytoplasm which are trans-
mitted from one cell generation to another.

From the above citations it is clear that the fundamental causes of juvenility
are unknown and that the hypotheses on these causes remain vague. This im-
plies that no clear insight into the possibility of influencing the duration of the
juvenile phase exists and that conflicting ideas in the literature are found, also
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because most of the experimental plants are woody and therefore are very
difficult to work with.

Horticulturists are interested in the production of fruits, hence are interested
in getting trees into flowering as early as possible. Also the plant breeders want
to hasten the onset of the adult phase to obtain early flowering and by so doing
reduce the length of the breeding cycle. On the other hand, plant propagators
who apply vegetative reproduction, are interested in prolonging the juvenile
phase in order to retain easy rooting.

The pioneer work of KLERS (65), and GARNER and ALLARD (40, 41) was fol-
lowed by many other investigators such as MURNEEK and WayYTE (87), and
LANG (7T1) who have shown that flowering is conditioned by the environment
and can be changed by modifying such factors as mineral nutrition, tempera-
ture and length of photoperiod. However, relatively little attention has been
paid to the problem whether the length of the juvenile phase can be influenced.

Several authors do not think that the length of the juvenile phase can be in-
fluenced. As early as 1815 KNIGHT (66) expressed the opinion that the vegetative
period of the seedling could not be shortened by any means. FURR et al. (38)
found that the juvenile state in Citrus is not altered by a great variety of types of
grafting to mature plants. Ringing was less effective in causing flowering in
juvenile seedlings at 3 than at 7 years old. FrirzscHE (34) showed that the juve-
nile stage of apples cannot be brought to bloom with any of the known treat-
ments, whereas the adult stage can be hastened to flower by bark-ringing or
grafting on Malling IX. FriTzscHE agreed with the conclusion of FURR ef al.
that juvenile wood could not be made to flower before its normal time by graft-
ing. GREGORY (44) stated that before ripeness to flower has been attained, no
change in external factors can induce flower initiation. KorLoMieC (67) found
that fruiting of apple, apricot and other fruit tree seedlings may be hastened by
applying measures which will ensure an increase in the concentration of nutrient
materials in the growing point, but only after the phasic readiness for fruit bear-
ing is achieved.

On the contrary, many investigators believe that the duration of the juvenile
phase can be influenced, but there is no agreement on how this is achieved.
CRANE (24), working with plum seedlings, found that such practices which
restricted growth, shortened the juvenile period. TYDEMAN (112, 113), by work-
ing seedlings on the dwarfing rootstock M IX, was able to shorten the juvenile
phase by approximately one year. KEMMER (59-62), the leading advocate of
shortening the juvenile stage by checking the growth of the scedlings, presented
evidence that no fixed juvenile form exists. He stated that the sterile period could
be shortened by root pruning, girdling or grafting the seedlings on dwarfing
stocks. Loomis (81) concluded that any factor, such as a deficient supply of
water or nitrogen, which checks growth without correspondingly reducing
photosynthesis will tend to increase any differentiation response. MURAVSKI
(86) stated that juvenile branches reach the adult phase sooner when grafted on
M IX. He also showed that scions from the tip of the seedling flower earlier than
those taken from the base. Recently CampBeLL (18) found that apple seedlings
worked on apomictic seedling rootstocks from Malus sikkimensis have a shorter
juvenile phase than when worked on M IX.

On the other hand, SPINKS (104) stated that any treatment which restricts
growth, such as ringing, root pruning, working on dwarfing stocks or growing in
pots did not induce earlier fruiting in very young seedlings. On the contrary, it
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keeps the trees longer in a juvenile state and so delays fruiting, He thinks that
application of optimal growth factors and increase of the periods of active
growth may have a shortening influence on the duration of the juvenile phase.
WELLENSIEK (121) has a similar view. PASSECKER (90, 92) found that all factors,
such as high temperature and a generous supply of nutrients, promoting vigo-
rous growth, appear to hasten the transition, whereas all factors which check
growth seem to have a delaying effect. LANG (71) drew attention to the fact that
the time of flower initiation depends on the rate of the preceding vegetative
growth. Sax (99) stated that there is no evidence that knotting the stem of
young apple seedlings will reduce the juvenile period. '

From the above review the conclusion can be drawn that a number of inves-
tigators are of opinion that the length of the juvenile period cannot be influenced
by external factors, while others have found evidence that this is possible.
However, some representatives of the latter group believe that a restricted vege-
tative growth is favourable, while others hold the opposite view that all factors
which promote vegetative growth tend to reduce the length of the vegetative
period. A

5. ScoPE OF THE PRESENT WORK

The present experiments have been conducted in the hope that they might
throw some light on the relation between the length of the juvenile phase for
flowering and certain external factors, in order to discover whether the duration
of the juvenile phase is a fixed character or can be influenced by external factors.
Evidence will be presented for the concept that the juvenile phase is subject to
modification.

CHAPTER 1l
REVIEW OF LITERATURE

~ In this chapter the literature with regard to the various factors, used in my
study of juvenility, will be discussed. First, some literature will be discussed on
vernalization and photoperiodism, because my experimental plants depended
on either vernalization or photoperiodism for flowering. From the bulk of the
literature mainly illustrations will be presented on the existence of a juvenile
phase. The literature on influencing the duration of the length of this juvenile
phase is extremely scarce. Next, the growth factors light intensity, soil moisture,
mineral nutrition and gibberellins will be discussed, because they have been
used in my experiments.

1. VERNALIZATION

In 1858 KLiPPART {cf. WHYTE 131) described an empirical temperature treat-
ment for winter cereals that would make them behave as spring cereals. Gass-
NER’s investigation (42) concerning the origin of the differences existing between
winter and spring cereals, represented the first scientific attempt to shorten the
vegetative period of winter cercals. This phenomenon was rediscovered in
Russia in 1928 by Lysexke (cf. 131), who called it ‘jarovizacija’, the English
translation of which is ‘vernalization’. Many investigators indicate that induc-
tion of early flowering is one¢ of the many effects of vernalization by reducing
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the vegetative period (CHAKRAVARTI 20, KOREISHA ef al. 68, PURvIS 95).

Not only in herbaceous plants, but also in large trees such as the olive tree
(Olea europea}, flowering may depend on vernalization (ANAGNOSTOPOULOS 2,
HARTMANN et al. 49).

CHOUARD (23) stated that if the chilling time in perennial plants in rosettes
such as Geum sp., is extended to 10-15 weeks, more buds are vernalized, parti-
cularly those that were too young at the beginning of the treatment. This points
to juvenility. It has already been cited (p. 4) that Stokes and VERKERK (106),
working with Brussels sprouts, found the existence of a clear juvenile phase.
WATERSCHOOT (120) indicated that low temperature for Dianthus barbatus does
not promote flowering unless given to plants of a certain minimum size, reached
about 12 weeks after sowing when growth conditions are favourable,

The last two cases are examples of the typically biennial plants with a juvenile
phase, to which one of my experimental plants, Lunaria biennis, belongs, Ac-
cording to WELLENSIEK (121, 122) in this species the juvenile phase lasts at least
6 weeks, depending on the duration of vernalization, younger plants requiring
relatively more cold than older ones.

DoorReENROS and WELLENSIEK {30) concluded that the photoperiod preceding
the cold treatment may influence the effectiveness of the latter. TSUKAMOTO and
KonisHI (111) found that the percentage of budding was higher in stock plants
that received continuous lighting at the young stage prior to vernalization than
those that received short-day length. WeLLENSIEK and Hicazy (130) have de-
monstrated that the duration of the juvenile phase in Lunaria biennis may be
influenced by the light intensity. Details of these investigations will be presented
in chapter 1V,

2. PHOTOPERIODISM

The importance of the effects produced by the relative lengths of light and
darkness per 24 hours upon the vegetative and reproductive activity of different
species and varieties of plants has been emphasized by the classical work of
GARNER and ALLARD (40), It is well known that, in addition to day-neutral
plants, they distinguished long-day plants (LDP) and short-day plants (SDP).
An example of the former is Silene armeria (79, 80), which according to LANG
(74) and TakMoTo (109) remains vegetative for indefinite periods of time when
grown in short days. An example of an SDP is Salvig occidentalis (82). These
plants, Silene armeria and Salvia occidentalis, belong to my experimental plants.
Also with regard to photoperiodism a juvenile phase can be distinguished. It
has already been mentioned (p. 3) that Campanula medium has a clear juvenile
phase for short-day treatment (WeLLENSIEK 124). Through a combination of
sulfuric acid treatment of the seed and short-day treatment of the seedlings of
strawberry, the life cycle can be shortened from 18 or 24 months to 8 or 9 months.
This treatment is only effective, when the seedlings have become sensitive to
short days and this points to the existence of a juvenile phase (JONKERS 58).

The following publications point to a possibility of influencing the length of
the juvenile phase. WITTENROOD (134) stated that in Jerusalem artichoke the
juvenile stage appears to last longer, the shorter the photoperiod. BEsT (7)
stated that in rice short days during the early stages of growth, alone or in com-
bination with factors such as transplanting, high night temperatures, excess of
nitrogen, low light intensities, may cause less vigorous growth and, as a conse-
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quence, later flowering. Conversely, long days may cause more vigorous growth
and earlier flowering.

DooRENEOS (28) stated that growing Rhododendron seedlings in long day or
continuous light, accelerates seedling growth and reduces the juvenile phase by
as much as 509, NIKITIN (cf. WAREING 117) exposed seedlings of oak to conti-
nuous illumination during the first five months following germination. The seed-
lings flowered and produced fruit in the eighth year of growth, whereas usually
the duration of the juvenile period is 40-60 years.

3. LIGHT INTENSITY

The effect of light intensity on plant growth has been observed since very
early times. Light intensity effects plant growth through its direct effects on
photosynthesis, stomatal opening and chlorophyll synthesis. Photosynthesis is
the process by which carbohydrates are manufactured from carbon dioxide and
water in the chlorophyli-containing tissues of plants exposed to light. It un-
doubtedly is the most important physiological process occurring in plants,
because their growth is dependent on the carbohydrates produced by photo-
synthesis.

According to GARDNER ef al. (39) young non-bearing trees grow rapidly
when exposed to full sunlight, come into bearing early and for several years
produce heavier crops than those grown in partial shade. DE Zeguw (27) in-
dicated that light intensity effects the flowering of tomato plants.

MEYER ef al. (84) indicate that the relation between intensity of light and
flowering is not a simple one, because it is complicated by the influence of the
photoperiod. The effect of an intensity which is adequate for flower induction
can be completely nullified, in some species, if the photoperiod is too long, in
other species, if it is too short. In general, however, assuming day length, tem-
perature, and other conditions to be favourable for flowering, there is a mini-
mum intensity for each species below which no blooming occurs. However,
there are a few exceptions, namely in SDP. De Zeguw (27) found that in Perilla
flowering could be obtained with a long-day treatment provided that the light in-
tensity is very low. Even in continucus light Perillg will then flower. VAN DER VEEN
and MEeUER (114) stated that Salvia occidentalis was induced to flower under long-
day conditions (16 hours of light per day) with low intensity (250 uW/cm?). WEL-
LENSIEK (125) confirmed this and obtained flowering even under continuous light.

4. SOIL MOISTURE

It is an old concept that water is essential for plant growth. Water deficit is
one of the most common factors limiting growth., HENDRICKSON and VEIH-
MEYER {51, 52) stated that the length of time during which the soil remains at or
below the permanent wilting percentage is the most important factor effecting
the plants. If the soil moisture is maintained between field capacity and perma-
nent wilting percentage, plants do not suffer from lack of water, if not adversely
effected by other limiting factors, such as lack of fertility, depredation of insects
and diseases, lack of suitable pruning and thinning, or unfavourable weather
conditions. They came to a general conclusion (115), namely that soil moisture
is readily available between the field capacity and the permanent wilting percen-
tage.
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Other investigators have reported results purporting to show that soil mois-
ture is not equally available throughout the range between the ficld capacity and
the permanent wilting percentage (ALDRICH ef al. ), LEWIS et al. 76, 77, WORK et
al. 137, KENWORTHY 63, HEINICKE et al. 50). They stated that photosynthesis,
growth and other physiological functions were reduced before soil moisture
reached the wilting range.

Kraus and KraysiLL (70) found that irrigation or moisture supply is effec-
tive in increasing growth or fruitfulness only when accompanied by an available
nitrogen supply and vice versa. With soybean, GARNER e/ al. (40) concluded
that a more favourable water supply during the period preceding the flowering
stage resulted in a greater vegetative development. On the other hand, reduction
of the water supply, even to the point where almost daily wilting of the plants
occurred, did not change the time of flowering by a single day. GARDNER et al.
{39) stated that a diminution of the water supply is well known to be frequently
associated with fruitfulness. In this case, as in that of nitrate supply, there is
probably a limit beyond which a further reduction results in unfruitfulness and
stunted growth. HAGAN (46) shows that increased moisture stress retards the
vegetative growth of guayule shrubs, and leads to a higher production of rubber.

5. MINERAL NUTRITION

Nitrogen. - KLess (65) in 1918 pronounced the postulation of a high ratio of
carbohydrates to soil nutrients as causal factor for flowering, a concept which
has been elaborated in terms of the C/N ratio by Kraus and KrAYBILL (70).
However, it becomes increasingly obvious that plants would flower over a wide
range of C/N ratios. ARTHUR e al. (3) found that the percentages of C and N in
general could be changed by varying light intensity and/or length of day.
KHALIL (64) demonstrated that the transition from vegetative to reproductive
growth can take place under a wide range of C/N ratios, Davis (26) and GREGO-
RY (44) belicved that a change in the C/N ratio is the result rather than the cause
of flowering. HUSSEY et al. (57) found that the time to flower initiation is un-
effected; this time depends only on the conditions of light and temperature.
Post and HowLAND (94) concluded that light intensity controls flower produc-
tion and that nitrate fertilization cannot overcome this effect. SEELEY (103) and
FLINT et al. (32) stated that mineral nutrient treatments had little or no effect on
the time and initiation of flower primordia. WitHroW (133), working with long-
and short-day plants, has concluded that nitrogen is not a determining factor in
floral initiation, as are temperature and photoperiod, but that the time at which
visible buds appear could be altered in some species by changing the nitrogen
supply. In long-day plants, lack of nitrogen promotes and excess of nitrogen
delays flowering. In short-day plants the effects of nitrogen metabolism are
smaller and the reverse (WiTHrRow 133, MELCHERS 83, NEIDLE 88, CAJLACHIAN
16, 17). Also, BENSINK (5) stated that a low nitrate supply enhances flower initi-
ation in lettuce, a long-day plant, apparently irrespective of light intensity.

On the contrary, AUCHTER (4) found that lack of nitrogen delayed blossoming
of many plants decidedly in spite of the length of day. It was noted by WALLACE
(116) that the actual time of blossoming was delayed with nitrogen deficiency.
Brooks (12) stated that when nitrogen is lacking, the time of flowering is retard-
ed in chrysanthemums. EL HINNAWY (31) found that the deficiency of nitrogen
had a great effect in retarding the initiation of fioral buds in both Perilla and
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dill, a short- and long-day plant respectively, but in mustard, a long-day plant,
much earlier Rowering occurred when nitrogen was supplied in low levels or
when it was lacking.

Phosphorus, — HoweLL (56) found that there was little or no effect of the
phosphorus level on the number of days to blooming in soybean. WALLACE
(116) noted that the time of apple flowering was delayed with phosphorus defi-
ciency. EL Hinnawy (31) stated that the deficiency of phosphorus had a great
effect in retarding the initiation of flower buds in Perilla, a2 short-day plant.
WiLLiams (132) found that oat plants receiving high levels of phosphorus quick-
ly exhausted their nitrogen supply and this hastened flowering. CHANDLER (22)
found that phosphorus deficiency reduces flowering.

Potassium. — BERESFORD ef al. (6) stated that plants of garden beet, receiving
a complete solution and a solution deficient in potassium only, were similar in
rate of growth and all plants started to flower at about the same time. MICHU-
RIN (cf. 92) is quoted as achieving a rapid transformation of almond seedlings
by supplying potassium permanganate. SCHWABE (101) indicates that reduction
of light intensity is shown to have a beneficial effect under conditions of potas-
sium deficiency. CHANDLER (22) found that potassium deficiency reduces flower-
ing.

Conclusion. — In general, this mass of data cited above is very conflicting and
moreover seems to concern largely the results of plants in comparatively late
stages of development. Therefore, it is of very little value to our problem of juve-
nility. It may be concluded that the available literature does not indicate that the
elements nitrogen, phosphorus and potassium are determining factors in juve-
nility.

6. GIBBERELLINS

In the early Japanese work on the bakanae disease of rice, which led to the
discovery of the gibberellins, it was noticed that infected plants which reached
maturity, had longer stems and flowered earlier than normal plants. An impor-
tant characteristic of these gibberellins is that they apparently accelerate exten-
sion-growth in aerial organs. An extreme example of this response is shown by
the dwarf bean, which can be induced to turn into a climbing bean {Bukovac
et al. 14). Rosette plants, with very reduced stems, can be induced into 2 rapid
stem elongation.

Gibberellin treatment can markedly modify the flowering behavior of many
different species. In many biennial plants that require exposure to low tempera-
ture before they will flower, e.g. biennial Hyoscyamus, Centaurium minus, gib-
berellin treatment can replace the period of exposure to cold and will induce
flowering in addition to the characteristic stem elongation (LANG 72, WITTWER
et al. 135, LINDSTROM et al. 78, CARR ef al. 19). It appears that a great number
of long-day plants will flower under non-inductive conditions if treated with .
gibberellins. This is so for annual Hysscyamus, Silene sp., Samoius sp. (LANG
73). In Silene armeria, LANG (73) stated that it needs considerably more gibbe-
rellin, more time and makes considerably more stem growth before it responds
with flower formation. In short-day plants kept under long days, flowering has
not been induced with gibberellin (HARDER ¢f al. 47, LANG 74, HESLOP-HAR-
RISON et al. 53). Moreover, it inhibits flowering of short-day plants in inductive
short-day photoperiods (BRIAN 10, THOMPSON ef al. 110). BrRiaN (11) stated that
gibberellic acid has little effect on the flowering of day-neutral plants, except to
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delay or 1o accelerate the appearance of flowers slightly. The growth of grape-
fruit, sweet orange and rough lemon seedlings was greatly stimulated by leaf-
spraying with gibberellic acid (STEWART ef al. 105). BUKOVAC ef al. (13) stated
that in the seeded grape variety ‘Delaware’ flowering was accelerated from
2-4 days by pre-bloom application of 25-100 ppm of gibberellin. In other simi-
lar plants, however, the situation is not so clear-cut. In cabbage, beet and other
biennials, BUKOVAC et al. {15) stated that stem elongation is promoted, but no
flowering is induced unless plants are given a regular application of gibberellin
and in addition are exposed to low temperature approaching those normally
required for flower initiation. WELLENSIEK (122) concluded that gibberellin
does not induce flower-formation in Lunaria biennis and therefore cannot re-
place low temperature.

Buxkovac et al. (14) stated that many factors, including species, varieties,
mineral nutrition, light, temperature, age of plant when treated and dosage, in-
fluence plant response to gibberellin. The results with Silene armeria indicated
that gibberellin is only one of several factors in the photoinductive process
(LANG 75). CaRrR et al. (19) found that long photoperiods were essential for
gibberellin to be operative except with a few plants that had little or no photo-
pericdical requirement for flowering.

HARRINGTON et al. (48), LANG {74), WITTWER e al. (136) stated that respon-
sive biennials must reach a certain stage of development before either cold or
gibberellin is effective in promoting seedstalk elongation and flowering. This
could mean that the length of the juvenile period is not influenced by gibberellin.
However, PENNER (93) found that gibberellic acid is effective in reducing the
juvenile phase of Bryophylium daigremontianum, a long-short-day plant,

CHAPTER 111
GENERAL REMARKS ON THE EXPERIMENTAL APPROACH

Since woody plants would take several years to give results, we have worked
with herbaceous plants which can be handled more easily and which will give
results much quicker. These plants are:

1. Lunaria biennis, a cold requiring biennial plant;
2. Silene armeria, a long-day plant;
3. Salvia occidentalis, a short—day plant.

Since the first mentioned specics proved to be exceedmgly suited to experi-
ments on juvenility, most of the work was done with this plant.

In the original photoperiodism experiments of GARNER and ALLARD (40)
the authors raised their plants in a non-inductive daylength and, using such a
culture as standard material, investigations were made into the photoperiodic
treatment which was required to bring the plants into flowering. This method
was and still is used extensively by many of those undertaking experiments on
photoperiodism and also on vernalization. In principle this method has been
used in the present work,

In my experiments the plants mentioned above were periodically sown and
potted under non-inductive conditions for flowering until an age-group was
obtained differing from experiment to experiment and ranging from completely
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juvenile to completely adult according to existing standards. Al the plants were
pretreated in various ways during non-inductive conditions. Then all were trans-
ferred to inductive conditions. In some experiments some plants were kept under
non-inductive conditions as controls. In each experiment the dates of appearance
of the first visible flower bud per plant was noted as the most important charac-
teristic. Also, a growth analysis was made, in its complete form comprising
number of leaves, length of petiole, length and width of lamina, height of plant
{measured from the cotyledon node to the tip of the terminal bud or the growing
point), diameter of stem, dry weight of leaves and of stems (determined by
drying for some days in an electric oven thermostatically controlled at 85°C),
and seed weight. The percentage of the generative plants and the mean number
of days to the appearance of the first visible flower bud per treatment were cal-
culated.

CHAPTER IV
EXPERIMENTS WITH LUNARIA BIENNIS

1. LIGHT INTENSITY
1.1. Methods

An age-group of plants of 6, 7, 8, 9, 10, 11 or 12 weeks old was made. In the
description of the experimental results, the indication *“plants of ... weeks old”
means the age of the plants when the vernalization started and not the real age
at the date of observation. One half of each age-group was grown under the
natural poor light conditions of the Dutch winter (-L), while the other half ob-
tained a supplementary high intensity artificial illumination of flucrescent lamps
during 16 hours per day from 8.00 to 24.00 (4-L). The intensity of the supple-
mentary light was between 2500 and 3000 . W/sec./cm? 2 sphere for the experi-
ments 1 and 2, and was between 4500 and 5000 pW/sec./em?® @ sphere for the
experiments 3-8. The intensities of the light were measured by a spherical radia-
tion meter (119). The temperature in the greenhouse averaged 20°C, so that no
vernalization could take place during the pretreatments. Vernalization was done
at a temperature of 5°C and fluorescent light of about 250 pW/sec.fem? o
sphere for 16 hours per day. After vernalization part of the plants was put under
natural out-door conditions (experiments 1, 3, 5 and 7}, while other plants were
kept permanently at the low temperature {(experiment 2, 4, 6 and 8). To find out
the effect of the different treatments statistically, the test of WiLcoxoN was used
to analyse the data with regard to flowering.

1.2. Experimental results.

Experiment 1. - Vernalization during 12 weeks.

The main results with regard to flowering have been published before (130),
but will be repeated for completeness sake in table 1.

These results clearly indicate that relatively young plants formed much more
(columns 2 and 3) and much earlier (columns 4 and 5) flower buds after 4L than
after —-L. This is the first, but already quite convincing proof that the length of
the juvenile phase can be influenced by an external factor.,

12 Meded. Landbouwhogeschool, Wageningen 62 (8}, 1-53 (1962)



TasLe L. Experiment 1.~ The effect of a pretreatment with strong supplementary light (4- L),
compared with natural light only (-L), during different periods before vernalization,
on the effect of vernalization (12 weeks 5 °C), judged by the percentages of generative
plants and the mean numbers of days to budding under natural conditions after the
vernalization, Twenty plants per treatment. None of the controls, 20 unvernalized
plants per treatment, has turned generative. Data 147 days after the end of the ver-
nalization at 21/4/60. From (130)

| 2 3 4 5
Pretreatment during % Generative plants Days to budding
...weeks 4L ~-L +L -L
6 85 1] 67.3 oo
7 100 25 38.5 99.0
8 100 s 26.5 89.5
9 100 45 25.0 69.3
0 100 95 20.5 63.1
1 100 95 19.0 343
12 100 100 17.5 29.9

Now we shall start in dealing with the growth analysis data which were col-
lected in order to get an insight into the morphological effects of the differences
in light intensity during various periods with regard to juvenility. Table 2 sum-
marizes the results. The characters indicated as 1 to 7 have been determined
during the cold treatment, those indicated as 8 to 11 represent data on the grow-
ing plants out-door.

All 4L characiers are higher than the corresponding ~L ones, with the ex-
ception of the mean diameter of the stem (character 9) of the plants of the lower
age-groups. We come back to this point, but leaving this exception out of dis-
cussion for the moment, it is clear how enormously great the influence of the
light intensity has been. For striking illustrations compare characters 5, 6 and 7,
left half of table (+L) with right half of table (-L). This means that the shift
from juvenile to adult and from vegetative to generative runs parallel with an
increase in the amount and size of all plant characters except stem diameter,

All values tend to increase from left to right within the +L and within the
—L, which could be expected, but again the diameter of the stem forms an ex-
ception, which is more pronounced in the younger age-groups of +L and in the
higher age-groups in —L. Hence the -L plants show the same trend as the +L
plants, but at later ages.

There is a tendency to increase for the characters 1, 5, 6 and 7 during the cold
period, while there is a tendency to decrease for the characters 2, 3 and 4.

The relatively low values for height of stem (character 8) after +L for plants
of 11 or 12 weeks old is due to the fact that these plants were the first to initiate
flower buds and hence stopped their stem-elongation.

The mean diameter of stem (character 9) could not be determined during the
cold treatment, because at that time the plants were in rosette form. Measure-
ments were made from two months after the cold treatment. Part of the data
from table 2 have been presented in fig. 1.

If we follow the lines for 4L first, they fall from 6 weeks old plants to 7 and to
8 weeks old plants, to rise up to 10 or 11 weeks old plants and to fall slightly
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TasLe 2. Experiment 1.— Growth analysis data on plants of table 1, 27/1/60 = Start of cold treatment;

9/3/60 = Middle of cold treatment; 21/4/60 = End of cold treatment

Pretreatment +L
Age (weeks) 6 T 8 9 10
Characters Dates

Number 27/1/60 2.6 4.2 52 5.0 7.2
1. of 9/3 4.4 4.0 5.2 6.0 6.8
leaves 21/4/60 48 6.0 6.8 6.8 8.4
Length of 27/1/60 4.6 6.5 7.9 8.0 10.0
2 petiole 9/3 4.3 51 7.1 8.6 9.2
" inem 21/4/60 4.1 4.2 6.3 7.3 8.6
Length of 271160 42 4.8 55 5.2 6.7

3 lamina 9/3 3.7 3.8 4.8 58 6.2
* incm 21/4/60 35 3.2 4.6 47 5.8
Width of 27/1/60 4.5 53 6.1 5.8 7.5

4 lamina 9/3 39 43 55 6.3 6.7
" inem 21/4/60 38 s 4.9 51 6.5
Dry weight of 27/1/60 16 57 112 114 305

s petiole 9/3 72 63 121 253 333
© inmg 21/4/60 54 95 167 254 402
Dry weight of 27/1/60 66 166 289 275 718

6 lamina 9/3 251 207 305 621 795
* o inmg 21/4/60 218 477 425 537 1008
Dry weight of 27/1/60 3 7 13 12 35

1 stem 9/3 9 7 15 35 49
' inmg 21/4/60 9 14 26 3s 60
22/6/60 14.1 547 69.5 85.4 96.9

Height of 13/7 20.4 64.3 TL7 87.6 98.0

8 stem 3/8 28.0 69.4 73.2 8.0 98.0
" incm 24/8 4.6 72.1 73.3 §8.2 99.2
14/9/60 356 728 737 88.3 9%.4

22/6/60 10.4 9.0 8.0 9.1 10.0

Diameter of 13/7 12.7 10.0 8.9 10.1 10.5

g, Stem 38 12.8 9.8 8.9 104 10.5
* inmm 24/8 13.8 10.7 2.1 10.5 183
14/9/60 139 10.8 9.2 10.6 11.3

22/6/60 33 10.6 13.9 14.6 17.8

Number of 13/7 34 12.8 154 154 18.7

10, lateral flowering 3/8 4.0 15.1 154 16.4 189
" branches 24/8 54 16.7 16,9 18.2 213
14/9/60 5.7 16.9 17.1 18.5 21.5

1. ;’X‘:gh‘ of seeds 36 16.7 20.9 23 33.6

14 Meded. Landbouwhogeschool, Wageningen 62 (8), [-33 (1962}

-L
11 12 6 7 8 9 10 i1 12
6.9 8.0 20 22 3.6 18 4.0 42 5.4
7.6 10.0 20 4.0 4.0 4.0 4.0 6.0 6.8
9.2 8.8 4.0 4.0 40 52 5.6 6.4 6.0
11.0 11.5 26 33 2.9 29 13 35 33
2.0 9.8 2.1 22 3 29 28 33 35
2.8 9.9 20 28 29 30 pR il 39
6.9 7.3 24 34 28 2.7 30 31 33
537 6.4 21 2.1 2.9 27 24 28 3.0
6.4 58 20 25 2.6 27 23 27 3.1
19 8.1 2.3 33 29 2.3 3.0 3.2 3.4
6.4 7.2 21 22 3.0 26 2.3 2.8 31
7.0 6.4 2.0 23 2.6 28 24 2.7 i3
350 456 5 11 15 13 15 22 4
427 739 5 15 17 18 14 35 66
717 625 19 28 23 kX] 27 ky) 52
809 1015 19 38 65 50 63 88 130
913 1716 24 62 68 72 57 138 259
1486 1179 75 110 86 151 101 138 170
45 54 2 1 1 2 2 2 5
52 117 1 1 3 2 2 6 1
119 107 4 5 3 6 5 5 7
94.1 86.1 78 9.7 9.6 12.7 18.0 62.1 66.2
94.5 87.1 11.7 13.6 13.2 17.3 26.7 65.5 69.7
94.9 877 14.8 16.9 16.4 24.9 32.7 67.4 71.5
95.1 88.3 16.8 19.8 18.9 304 35.5 69.2 12.0
95.3 83.4 17.7 21.0 - 199 316 37.1 69.3 72.2
10.1 9.4 12.0 11.0 9.6 1.1 9.5 7.3 74
10.5 9.8 12.0 12.7 12.7 13.2 11.3 84 7.9
10.6 9.9 12.1 13.6 13.8 13.7 12.1 85 1.8
11.0 9.9 14.4 14.3 15.0 14.8 12.5 8.5 8.1
11.1 10.0 14.6 14.5 15.0 14.9 12.6 8.5 8.2
19.2 19.7 0 1.0 1.0 14 4.3 11.0 12.0
20.8 217 0 1.0 1.0 4.1 6.9 11.5 12.6
21.3 222 0 1.7 1.7 6.9 7.2 12.7 14.7
219 23.2 0 1.6 20 1.9 8.1 14.4 16.8
22.0 232 0 1.8 21 8.0 8.2 14.6 16.8
139 LERY 0 0 0 24 kR | 18.9 30.1
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