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CHAPTER 1 

G E N E R A L 

1.1. INTRODUCTION 

This paper deals with the flower formation in Cheiranthus allionii. In general, 
the control of flowering, besides being of academic interest, is of crucial im
portance in agricultural and horticultural practice. For this reason man has 
since long tried to alter the onset to flowering at will. However, no real progress 
in this field can be expected if the fundamental processes leading to flowering 
are not understood. From the several stages of flowering the actual switch from 
vegetative to reproductive development of plants has attracted first attention in 
the research, which deals with the physiology of flowering. 

The genetical constitution of a plant determines which external factors will 
affect its development. Particularly low temperature and day length control the 
floral initiation in a specific manner. 

We speak of vernalization, when low temperature is required to induce or 
hasten the development of the capacity for flower formation, while the flower 
formation as such takes place afterwards. However, in literature other meanings 
of vernalization have been adopted, which are not in accordance with this 
definition. In the context of other meanings of vernalization the breaking of 
dormancy as well as the stimulation of flower formation by high temperature, 
long days, short days, light or dark, nutrition etc. are included. The author will 
confine himself to the definition of vernalization in the restricted sense, which 
is accepted implicitly or explicitly by CHOUARD (17), GREGORY and PURVIS (38, 
114), LANG and MELCHERS (72, 98) and WELLENSIEK, DOORENBOS and ZEE

VAART (145). 
No attempt will be made to present a complete review of literature on this 

subject as many more or less extensive reviews or treatises are available (14, 17, 
18, 38, 58, 72, 73, 85, 86, 87, 90, 98, 103, 109, 114, 121, 142, 145, 149). A brief 
historical outline will suffice. 

The necessity of low temperature for the development of certain plants was 
probably known long before any mention was made of it in the literature. Some 
of the earliest known records on the effect of low temperature on cereals are 
those from ANONYMOUS (2, 1837) and from ALLEN (1, 1850). KLIPPART (65, 
1857) was the first to undertake some systematic research and to describe this 
phenomenon more exactly, when he wrote that germination as well as low tem
perature are essential to make winter wheat behave like spring wheat. But he 
and those before him still did not seem to understand that freezing tempera
tures are less effective than temperatures slightly above freezing point. Some 
systematic research extended to other plants was undertaken as early as 1898 by 
VON SEELHORST (127). The notion 'cold requirement' was introduced by GASSNER 

(34, 1910) and it was finally his work published in 1918 (35) that initiated more 
systematic research by others as well. Particularly around this time a great 
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interest in the effect of low temperature, specially on cereals, awakened in the 
USSR as the study of this phenomenon resulted in important practical implica
tions in that country. From the many Russian workers on this subject the 
names of MURINOV (102), MAXIMOV (91, 92, 93), POJARKOVA (93, 112), and 
LYSENKO (84, 85) should be mentioned. 

LYSENKO (85, p. 16) introduced the notion 'vernalization' in the middle of 
1929, when seeds of the winter wheat Ukrainka, following a suitable low tem
perature treatment, developed into plants which eared fully and uniformly after 
being sown in the spring under practical farming conditions. This method of 
pretreating seeds of winter cereal varieties for spring sowing was called yarovi-
zatsia (from 'Jar' : meaning formerly fire, or god of the spring), which has come 
to be known by its latinized equivalent 'vernalization' (from Latin 'vernum', 
meaning spring). The term vernalization has since been extended to other plants 
as well. It was also from his studies on vernalization that LYSENKO and his 
followers developed their well known theory of the stadial development of 
plants. Ever since a tremendous number of investigations, particularly in 
cereals, has been undertaken in many countries. By far the greatest number of 
these investigations, however, were merely aimed at the practical results to be 
obtained from its use. A few investigations only were concerned with the more 
fundamental processes underlying the vernalization. 

Often contradictory results were obtained from experiments on vernalization. 
This was mainly due to the fact that at that time the importance of the photo-
periodical behaviour of many plants after vernalization was not understood. 
Even after the discovery of the crucial importance of day length for the flower 
formation in many plants by GARNER and ALLARD in 1920 (33) it still took a 
number of years before the interrelation between vernalization and photo-
periodism was generally realized 

Particularly GREGORY and PURVIS et al (31, 32, 36, 37, 39, 40, 41, 42, 43, 44, 
45, 46, 47, 113, 115, 116) in their studies on rye have been primarily concerned 
with the mechanism of vernalization from the very beginning in 1934. 

Also well known is the work on Hyoscyamus niger started by MELCHERS (95, 
1936), who was later joined by LANG (78, 1943). Various incidental investiga
tions on many plants have since appeared, but did not add much principally 
new information. Even today accurate experiments aimed at elucidating the 
mechanism of vernalization are rather scanty and thus present-day theories on 
vernalization are mainly based on experimental evidence from a few plants only. 
Most of these theories, however, are merely descriptive interpretations of ex
perimental results obtained from a single plant such as formulated for rye by 
GOTT, GREGORY and PURVIS (37, 115, 116), for Hyoscyamus niger by LANG and 
MELCHERS (78), for wheat by VAN DE SANDE BAKHUIJSEN (121) and for Arabidop-
sis thaliana by NAPP-ZINN (104, 105). 

In the present investigations the principle of studying one species only, but 
on a relatively extensive scale, has been followed. 
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1.2. SCOPE OF THE INVESTIGATIONS 

Cheiranthus allionii was introduced in the literature by WELLENSIEK and 
BARENDSE (143), who have shown that it is a useful plant for studies on flowering. 
Its flowering is primarily controlled by vernalization and secondarily by photo-
periodical conditions. Therefore, photoperiodism will be dealt with only in as 
far as it is related to vernalization. 

In the present investigations with Cheiranthus allionii various aspects of 
vernalization are studied to obtain more insight into its underlying principles. 
Primarily the relation between vernalization, age and day length has been studied 
in detail, before more specific aspects of the various external conditions could 
be tackled. Particularly the effect of temperature besides the vernalizing ones 
and day length both before, during the course of, or after the vernalization have 
been studied extensively. Some investigations were done on the effect of gibbe-
rellic acid and of 5-fluorouracil, on the localization and translocation of the 
vernalization effect, whereas hardly any work could be done on the genetical 
basis of the vernalization requirement of Cheiranthus allionii, because of limita
tions of the material itself. 
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CHAPTER 2 

M A T E R I A L AND M E T H O D S 

2.1. PLANT MATERIAL AND GROWTH CONDITIONS 

Commercial seeds of Cheiranthus allionii cv. 'Orange Queen' proved to be 
very heterogeneous in earlier experiments. Sufficiently uniform material has 
been obtained by inbreeding. Apart from a selected non-cold requiring strain, 
Cheiranthus allionii is absolutely cold requiring and sensitive to both seed and 
plant vernalization. 

All experiments were carried out in greenhouses which were heated during 
winter and kept at about 20°C. In summer, the temperature occasionally 
reached higher values. 

The plants were sown, transplanted and subsequently grown individually in 
pots with fertile soil and dug in benches with peat. Before receiving any treat
ment, the plants were grown at 20°C under long-day conditions, where they 
remain vegetative indefinitely. 

Vernalization took place in cold rooms which were kept automatically at a 
constant temperature approaching 5°C. The cold rooms were illuminated with 
fluorescent light of low intensity during 16 hours per day. 

Continuous-darkness treatments were given in ventilated lightproof com
partments installed in a greenhouse. 

Short days consisted always of 8 hours of day light, which were obtained by 
covering a bench in the greenhouse with lightproof curtains from 4.30 p.m. 
until 8.30 a.m. 

Long days consisted of 16 hours of fluorescent light of rather high intensity 
during day-time, whereas long days obtained by extending the natural days to 
16 hours with incandescent light of low intensity were used for more specific 
photoperiodic treatments. 

Continuous-light treatments, principally in winter, consisted of fluorescent 
light of rather high intensity, whereas otherwise natural days were supplemented 
with incandescent light of low intensity according to purpose of experiments. 

The equipment for high temperature treatments consisted of a glass com
partment, installed in a greenhouse, in which the temperature was controlled 
automatically at 35°C. 

2.2. VERNALIZATION TECHNIQUES 

Two methods of seed vernalization have been practiced. In specific seed 
vernalization experiments the seeds were soaked with water in petri-dishes on 
wetted filter-paper at room temperature for 24 hours before being vernalized 
at 5°C for different durations. In the remaining experiments the seeds were 
sown in wet soil at greenhouse temperature 24 hours before the start of the 
vernalization. In case different durations of seed vernalization were given, these 
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vernalization treatments were started on such dates that all ended on the same 
day. 

Plant vernalization was applied by placing plants in the cold rooms at 5°C for 
different durations. To avoid excessive drying up, the pots with plants were dug 
in boxes filled with wetted peat. In case plants of different ages had to be ver
nalized during different periods, the sowing and the vernalization were started 
on such dates that the treatments ended simultaneously. 

In this manner the plants, after seed as well as plant vernalization, received 
their after-treatment under exactly the same external conditions, so that the 
results became comparable. 

2.3. ABBREVIATIONS 

The abbreviations which will be used throughout are listed below, whereas 
others will be explained as they occur. 
CD: continuous darkness. 
CL: continuous light. 
GA3: gibberellic acid. 
LD : long day(s). 
LDP: long-day plant(s). 
PV : plant vernalization. 
SD: short day(s). 
SV: seed vernalization. 

2.4. OBSERVATIONS 

The dates of appearance of first macroscopically visible flower buds have been 
recorded. This stage is indicated as 'flowering'. In order to obtain a quantitative 
analysis, the results are judged by the percentages of flowering plants and by 
the mean numbers of days to flowering, i.e. the average numbers of days from 
the end of the vernalization until the appearance of the first visible flower buds. 
Other data have accidentally been recorded such as numbers of leaves per plant 
or lengths of main stems, but they will not be used as they did not open up new 
aspects. 
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CHAPTER 3 

FACTORS INTERACTING WITH THE EFFECT 
OF VERNALIZATION 

3.1. STAGE OF DEVELOPMENT 

WELLENSIEK and BARENDSE (143) have shown that, although SV as well as 
PV is possible in Cheiranthus allionii, the sensitivity to vernalization varies in 
consecutive stages of the plant, whereas also the influence of external conditions, 
such as day length, on flower formation after vernalization varies in consecutive 
stages. According to this different behaviour of the plants in the consecutive 
stages three groups have been distinguished in each of which specific aspects 
were studied. No experimental results will be presented in this section as they 
will appear later on. Only a brief description of the characteristics of these 
groups are put forward. 

3.1.1. Seeds 

Soaked seeds are the most sensitive to vernalization. However, flowering 
after SV is highly dependent on external conditions such as temperature, day 
length and light intensity. One week of SV, when followed by favourable external 
conditions may result in a small percentage of flowering plants, which increases 
with increasing duration of SV, until after 5 or 6 weeks of SV maximal flowering 
is reached. Under less favourable conditions the maximum percentage of flower
ing is low, whereas under unfavourable conditions no flowering at all occurs. 

3.1.2. Young plants 

In the stages immediately following the seed stage, the sensitivity to vernaliza
tion decreases rapidly until a minimum vernalizability is reached with plants of 
12 to 16 days old, after which in the following stages the vernalizability 
gradually increases until maximum vernalizability is reached again. The level of 
the percentages of flowering and the mean numbers of days to budding after 
vernalization are determined by the duration of PV. The flowering after PV of 
young plants also depends on external conditions, however. This dependence 
decreases with the age of the plants. 

3.1.3. Grown-up plants 

Plants of about 10 weeks or older possess a maximum sensitivity to vernaliza
tion. However, they are not as sensitive as seeds, because at least 4 weeks of 
PV are necessary in order to obtain a small percentage of flowering plants, 
which increases with an increasing duration of PV until after 6 weeks of PV 
100% flowering is reached. The flowering of grown-up plants after PV is hardly 
influenced by the external conditions. 
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3.2. TEMPERATURE 

3.2.1. Effect of temperature after SV 

SV was applied for 6 weeks, followed by LD at different temperatures. The 
LD consisted of natural LD or artificial LD obtained by strong fluorescent light 
of approximately 16000 lux on plant level. Temperature treatments of 40 plants 
per treatment were given in a new and not yet completely controlled phytotron. 
The mean measured temperatures were generally somewhat higher than the 
temperatures aimed at, but in few cases only a seriously deviating temperature 
was observed for several days in succession. 

The results presented in table 1 show that at temperatures of about 18°C or 

TABLE 1. The effect of different temperatures (°C) during natural LD (n LD) or artificial LD 
(a LD) after 6 weeks of SV. 

Measured mean 
temperatures 

n L D 

12.9 
16.9 
18.7 
20.4 
25.7 
25.8 

a L D 

14.4 
18.4 
16.4 
19.0 
22.2 
26.6 

% flowering 

n L D 

100 
100 
95 
89 
50 
33 

a L D 

100 
93 
93 
70 
65 
8 

n L D 

77 
45 
49 
42 
44 
43 

Days to 
budding 

a L D 

76 
57 
47 
47 
45 
32 

higher the percentages of flowering decrease with an increasing temperature after 
SV in natural LD as well as in artificial LD, whereas there are no consistent 
differences between natural or artificial LD. At the mean temperatures of 12.9°C 
and 14.4°C in natural LD and artificial LD respectively, the mean numbers of 
days to budding are considerably higher than with the remaining temperature 
treatments. Particularly in artificial LD after SV the mean numbers of days to 
budding tend to decrease with an increasing temperature. These results demon
strate that a temperature of approximately 18°C or higher has a devernalizing 
effect and that this devernalizing effect increases with increasing temperature. 
At a temperature of approximately 15°C or lower, the growth is considerably 
delayed, which causes the delay in the flower formation. With these light con
ditions the so-called neutral temperature lies somewhere around 17°C at which 
maximal flowering takes place most rapidly. 

3.2.2. Effect of temperature after PV 
Since it was found that temperature within certain limits did not affect flower 

formation, only three temperatures have been used after PV namely 5°, 20° and 
35°C. Some data, selected from one experiment in which plants received 6 weeks 
of PV, are presented in table 2. Each treatment consisted of 20 plants. The mean 
numbers of days to budding have been counted from the end of the PV treat-

Meded. Landbouwhogeschool Wageningen 64-14 (1964) 1 



TABLE 2. The effect of temperature (°C) after 6 weeks of PV, 
during following LD 

Temperature % flowering Days to budding 

5 
20 
35 

100 
100 
45 

51 
15 
22 

ment, which for 5°C means from the date on which the other treatments were 
removed to 20° or 3 5 °C. 

The results show that at the vernalizing temperature of 5°C both flower in
duction as well as flower formation can take place, although flower formation 
takes place very slowly. The most rapid flower formation takes place at 20 °C 
and therefore this temperature has been used in most following experiments. 
The high temperature of 35 °C causes a decrease in the percentage of flowering 
plants and a delay in flower formation, known as devernalization. We shall 
return to this specific effect of high temperature in chapter 4, section 4.2.1. p. 25. 

3.3. LIGHT 

3.3.1. Effect of light quality 

The effect of light quality during PV was studied by comparing fluorescent 
light obtained from one Philips TL 40 W/29 of 1.2 m length per 0.5 m2 and 
incandescent light obtained from one Philinea tube of 120 W and 1 m length 
per 0.45 m2. Both light sources were installed approximately 40 cm above plant 
level. The intensity of the incandescent light was lower than that of the fluores
cent light. Treatments of 20 plants consisted of 8 or 16 hrs of fluorescent light 
and 8, 16 or 24 hrs of incandescent light per day during PV. In table 3 the results 
of two experiments are compiled. In the first experiment 6 weeks of PV, in the 
second experiment 4 or 5 weeks of PV were given, whereas the light treatments 
were the same in both experiments. 

TABLE 3. The effect of light quality and day length during 4, 5 or 6 weeks of PV. The light 
qualities consisted of fluorescent light (fl.) or incandescent light (inc.) 

% flowering Days to budding 

8 hrs fl. 
16 hrs fl. 

8 hrs inc. 
16 hrs inc. 
24 hrs inc. 

4w. PV 

81 
13 

0 
19 
29 

5w. PV 

94 
69 

13 
31 
81 

6w. PV 

100 
100 

63 
79 

100 

4 w. PV 

15 
14 

O O 

17 
17 

5w. PV 

13 
13 

13 
15 
15 

6w. PV 

15 
15 

18 
16 
15 

Curiously, the percentages of flowering after 4 or 5 weeks of PV with 16 hrs of 
fluorescent light are lower than those after 4 or 5 weeks of PV with 8 hrs of 
fluorescent light. These results indicate that too much light during suboptimal 
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PV may be disadvantageous. This has been confirmed by a third experiment 
which will not be presented. Incandescent light during PV shows that the 
percentages of flowering increase with increasing day lenghts at all durations of 
PV, thus demonstrating an increasing effectiveness of PV with increasing day 
lengths. 

After fluorescent light during PV the percentages of flowering are higher and 
the mean numbers of days to budding are lower, both with one exception, than 
those after incandescent light during PV. It is therefore obvious that fluorescent 
light during PV is more effective than incandescent light. 

In conclusion, the two experiments have shown that (a) light of sufficient 
intensity and duration is necessary for optimal PV, (b) the effectiveness of PV is 
influenced by the light quality during PV, although at least a part of the effect 
has to be ascribed to the different light intensities of fluorescent and incandes
cent light, and (c) incandescent light has a day-length effect, whereas the day-
length effect of fluorescent light is opposite to that of incandescent light and 
occurs only with suboptimal PV. 

The effect of light quality after SV has been studied in connection with day 
length, whereas inevitably the effect of light intensity was included as well. 
Earlier experiments had shown that extending the natural SD with fluorescent 
or incandescent light did not lead to flower formation after SV. Two factors 
were assumed to be possibly responsible for this behaviour, namely the low 
light intensity of the natural winter days and/or a too slight formative effect 
of fluorescent as well as incandescent light of low intensity. Indications that 
light quality would play a role after vernalization were derived from the facts 
(a) that after PV better flowering was observed in LD from extension of the 
natural day with fluorescent light than from extension by means of incande
scent light, and (b) that light quality does play a role during PV. 

Earlier experiments, which will be treated in chapter 4 p. 35, had shown that 
the effect of SD or CD i.e. day length was most decisive between 4 and 6 weeks 
after the SV i.e. just before flower initiation takes place. For this reason and to 
reduce the handling of the plants the effect of the light quality has been studied 
after 4 weeks or later after the end of the SV. In the first experiment the plants 
were grown in natural LD for 4 weeks after 6 weeks of SV, after which they 
received the following treatments: natural LD, 24 hrs of fluorescent light, 12 
hrs of fluorescent light extended by 0, 4, 6, 8, 10 or 12 hrs of incandescent light. 
Both fluorescent and incandescent light were of rather high intensity in com
parison with the intensities normally used for day extension. The above treat
ments have been continued for three weeks, whereafter the plants were removed 
to natural LD again, because only accidental flowering occurred in all treat
ments except in natural LD in which 84% of the plants flowered after 41 days 
on the average. Even in the following natural LD, however, no further flowering 
occurred in the remaining treatments. 

In a second experiment the plants were grown for 6 weeks under natural LD 
after 6 weeks of SV, whereafter they received the following treatments : natural 
LD, 24 hrs of fluorescent light, or 12 hrs of fluorescent light extended by 0, 6 or 
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12 hrs of incandescent light. Each treatment consisted of 15 plants. The results 
are presented in table 4. 

TABLE 4. The effect of light quality and day length after 6 weeks 
of SV. The light treatments consisted of natural LD 
(n LD), fluorescent light (fl.) or incandescent light (inc.) 

Treatment 

n L D 
24 hrs fl. 
12 hrs fl. 
12 hrs fl. + 6 hrs inc. 
12 hrs fl. + 12 hrs inc. 

% flowering 

81 
73 
47 
53 
73 

Days to budding 

51 
50 
51 
51 
50 

The percentage of flowering in LD is the highest, demonstrating that natural 
LD is optimal for flowering. The percentages of flowering in 24 hrs of fluores
cent light and in 12 hrs of fluorescent light, followed by 12 hrs incandescent 
light are equal, thus demonstrating that there is no difference in light quality at 
the intensities used. The increasing percentages of flowering at the treatments of 
12 hrs of fluorescent light extended by 0, 6 or 12 hrs show a day-length effect. 
The mean numbers of days to budding do not differ significantly at the differ
ent light treatments. 

In a third experiment the plants were grown for 5 weeks under natural LD 
after 6 weeks of SV, whereafter they received: 8 hrs of natural day light, 16 hrs 
of natural day light, 8 hrs of natural day light extended by 16 hrs of fluorescent 
light or by 8 or 16 hrs of incandescent light. Each treatment consisted of 15 
plants. The results are presented in table 5. 

TABLE 5. The effect of light quality and day length after 6 weeks 
of SV. The light treatments consisted of natural day 
light (n DL) supplemented with fluorescent light (fl.) or 
incandescent light (inc.) 

Treatment % flowering Days to budding 

8 hrs n DL 
16 hrs n DL 
8 hrs D DL + 16 hrs fl. 
8 hrs n DL + 8 hrs inc. 
8 hrs n DL + 16 hrs inc. 

60 
95 
78 
65 
68 

43 
42 
41 
42 
40 

The percentage of flowering in natural LD is the highest, which demonstrates 
that natural LD is the best condition for flowering. The percentage of flowering 
after day extension with fluorescent light is somewhat higher than those after 
day extension with incandescent light. The mean numbers of days to budding 
are not influenced by the different light treatments. 

Altogether the results of the three experiments show (a) that irrespective of 
the day length or light quality, the days consisting of artificial light only are 
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insufficient for flower formation, which has to be ascribed to the low light in
tensities used, and (b) that extension of the natural day may have a small 
effect, fluorescent light being somewhat better than incandescent light, which 
can be ascribed to the higher intensity of the fluorescent light. Finally, it should 
be remembered that flower formation has been obtained under LD obtained 
by 16 hrs of fluorescent light of high intensity (p. 7). 

In conclusion, it is apparent that all the different light effects can be carried 
back to one factor, namely the light intensity, low light intensity being disad
vantageous for flower formation. 

3.3.2. The effect of light intensity 
Since the effect of light intensity after vernalization was clearly demonstrated, 

albeit unintentionally, in the former section, no more experiments have been 
carried out on this specific subject. The general conclusion which can be derived 
from the experiments treated in the sections 3.2.1. (p. 7) and 3.3.1 (p. 8-11) 
is that, particularly after SV, both long days and high light intensity are re
quired for optimal flowering. 

3.4. DAY LENGTH 

3.4.1. Effect of day length before PV 
WELLENSIEK and BARENDSE (143) already demonstrated that SD before PV 

of plants of different ages results in a disadvantageous influence on the effective
ness of subsequent vernalization. However, it could not be concluded whether 
this disadvantageous effect of SD was due to a direct effect on the subsequent 
vernalization itself or to the fact that SD retards growth. Thus these SD-plants 
could have been physiologically 'younger' at the beginning of the vernalization 
in comparison with plants grown in LD, causing a different vernalizability. 

An experiment has been carried out in which grown-up plants were used to 
exclude the 'age' effect on vernalization. The plants, pretreated in LD, received 
0, 1, 2, 3 or 4 weeks of SD, immediately followed by PV during 4 or 5 weeks. 
Each treatment consisted of 20 plants. The results presented in table 6 show that 

TABLE 6. The effect of limited SD-periods before PV 

SD before PV 
in weeks 

0 
1 
2 
3 
4 

% flowering 

4 w. PV 5 

64 
78 
78 
39 
10 

w. PV 

88 
81 

100 
41 
19 

Days to budding 

4w. PV 

13 
13 
13 
13 
14 

5w. PV 

11 
11 
11 
11 
12 

the percentages of flowering decrease rapidly, when 3 or 4 weeks of SD are given 
before PV. 

It is obvious from these results that indeed SD before PV exerts a direct 
disadvantageous effect on the subsequent PV itself, which has to be called anti-
vernalization. 
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3.4.2. Effect of day length during PV 

The effect of day length during PV has been studied in connection with the 
effect of light quality during PV. For the results reference should be made to 
table 3 on p. 8, whereas for the conclusions reference should be made to the 
last paragraph of the section concerned. 

3.4.3. Effect of day length after SV 

In continuous SD after SV no flowering occurs. WELLENSIEK and BARENDSE 

(143) described experiments in which the effect of increasing LD-periods, 
followed by SD, and the effect of increasing SD-periods, followed by LD, were 
studied. It was found that at least a LD-period of 5 weeks after SV was necessary 
in order to obtain any flowering, whereas at a LD-period of 6 weeks after SV 
nearly all plants flowered within this LD-period. SD-periods after SV delayed 
flowering in all cases, but the percentage of flowering was decreased only after 
a SD-period of 5 weeks or longer. These results demonstrated that optimal 
flowering is only possible under permanent LD-conditions. 

The above described experiments initiated some other experiments, particu
larly on the disadvantageous effect of SD, which, however, will be treated in 
chapter 4, section 4.2.2.3 (p. 34) as they were more concerned with the deverna-
lizing effect of SD. 

Furthermore, the effect of day length after SV has been studied in relation 
with the effect of light quality after SV. For the results of those experiments 
reference should be made to section 3.3.1 (p. 8) and tables 4 and 5 (p. 10). 

3.4.4. Effect of day length after PV 

The day length after PV, particularly of young plants, is of crucial importance 
for flower formation, but it has already been put forward on p. 16 that the 
influence of external conditions such as day length depends to a great extend 
on the age of the plants at the beginning of the vernalization and on the duration 
of the vernalization. The interrelation between these factors is treated in the 
following section. 

3.5. RELATION BETWEEN AGE, DURATION OF VERNALIZATION 

AND DAY LENGTH AFTER VERNALIZATION 

During the course of experimentation the relation between age, duration of 
vernalization and day length after vernalization became apparent. This relation 
was studied extensively before more specific aspects of the external conditions 
such as temperature or day length could be tackled. Several experiments con
cerning the above relation have been carried out in consecutive years, later ex
periments always being extensions and/or supplements of former ones. A choice 
of experimental results will be presented which enables a complete picture to be 
formed. 
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3.5.1. Effect of LD after vernalization 
In an experiment, carried out in the spring of 1962, three series of plants of 

0, 4, 8, 12, 16, 20, 24, 32, 40, 48, 56 and 64 days of age were vernalized for 3, 4 
or 5 weeks, followed by LD. Each treatment consisted of 32 plants. 

A supplemental experiment has been carried out in the spring of 1963. Four 
series of plants of 0, 7, 14, 21, 28, 35, 42, 49, 56, 63 and 70 days were ver
nalized for 6, 8, 10 or 12 weeks, followed by LD. Each treatment consisted of 
24 plants. In both experiments LD was obtained by extending the natural day 
with incandescent light of low light intensity. The results of the two experiments 
supplemented with some data of another SV experiment, carried out in the 
spring of 1963, are presented in the graphs 1A and IB. Reference should also be 
made to the photos 1, 2 and 3, in which by a choice of 10 representative 
plants per treatment a picture of the results of the experiment of 1962 is given, 
and to photo 4 which shows the results of an experiment in 1962 which is not 
included in the graphs. 

Considering first the age series, which received 3 weeks of vernalization, it is 
seen in graph 1A that vernalization at an age of 0 days, i.e. SV results in a 
relatively high percentage of flowering plants. However, a strongly decreased 
percentage of flowering is found after PV of 4 day old plants in comparison with 
SV, whereas in the following stages the percentages of flowering remain low 
and even decrease to zero after PV of 12 to 24 day old plants. PV of 32 day old 
plants results in a small percentage of flowering plants, after which the percent
ages of flowering gradually decrease with increasing age until it is again zero 
with 64 day old plants. It should be mentioned here that in other experiments 
with grown-up plants, i.e. plants older than 64 days, no flowering was obtained 
after 3 weeks of PV. Those varying percentages of flowering in relation to age 
thus demonstrate that seeds are the most sensitive to vernalization and that in 
stages immediately following the seed stage the sensitivity to vernalization 
decreases rapidly until a minimum sensitivity is reached, after which the sen
sitivity again reaches a maximum in the following stages, which, however, is 
lower than after SV. Thus is demonstrated that plants are not as sensitive as 
seeds to vernalization, which can also be seen from the fact that after 1 or 2 
weeks of SV a small percentage of flowering is already obtained. 

Considering the age series, which received 4 weeks of vernalization, it is seen 
that the course of the percentages of flowering up to a certain age shows a great 
similarity with that after 3 weeks of vernalization. The percentages of flowering 
after 4 weeks of vernalization, however, are higher than after 3 weeks of ver
nalization at all ages, which means that the percentages of flowering increase 
with an increasing duration of the vernalization. With plants of 56 days 
after 4 weeks of vernalization a decreased percentage of flowering is found, 
after which the percentage of flowering shows a tendency to increase again in 
64 day old plants. A decreased sensitivity after 4 weeks of vernalization with 
plants of about 56 days seems to be rather consistent as it was also found in an 
earlier experiment with plants of 56 days and in a later experiment with 64 day 
old plants. 
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GRAPH 1 A. The relation between age and duration of vernalization, in LD after vernalization. 
The influence on the percentage of flowering. 
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GRAPH IB. The relation between age and duration of vernalization, in LD after vernalization. 
The influence on the mean number of days to budding. 
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It is known from other experiments with grown-up plants that the percentages 
of flowering after 4 weeks of PV may vary considerably, but never reach 100 %. 

The course of the percentages of flowering after 5 weeks of vernalization 
resembles those after 3 or 4 weeks of vernalization. Again the percentages of 
flowering are generally higher than after 4 weeks of vernalization and again 
after a maximum for PV a decrease of the percentage of flowering is observed 
towards 64 day old plants. As it is known from other experiments with older 
plants that the percentage of flowering after 5 weeks of PV is normally higher 
than found in this age series and may sometimes amount to 100%, it may 
finally be concluded that with plants of 56 to 64 days of age another minimum 
sensitivity to vernalization really exists. The age series after 6 weeks of vernaliza
tion of the experiment of 1962 shows that 100% flowering occurred after SV, so 
that the optimum duration for SV is reached. Although it is not clear from this 
experiment, there is no significant decrease in the percentage of flowering in 
56 day old plants, but as has been shown in other experiments the percentages of 
flowering increase gradually with increasing age until with grown-up plants 
100% flowering is obtained. As usually seeds or grown-up plants are used in 
vernalization experiments, 6 weeks of vernalization is considered optimal. 

With a further increase in the duration of the vernalization from 6 to 8, 10 or 
12 weeks, the percentages of flowering at all ages increase until maximum i.e. 
100% flowering is reached. After 12 weeks of vernalization the consistent 
minimum of sensitivity to vernalization of young plants between 4 and 24 days 
was not demonstrated any more. However, in another experiment this was 
already the case after 10 weeks of vernalization as can be seen on photo 4. 

The overall picture of the mean numbers of days to budding in graph IB 
shows that they decrease with increasing age, but that this decrease is slow after 
suboptimal vernalization, whereas it is more rapid after longer durations of 
vernalization. The mean numbers of days to budding decrease with age until a 
more or less constant value is reached, which value will be lower, the longer the 
duration of vernalization used. Furthermore, when the sensitivity to vernaliza
tion decreases, the mean numbers of days to budding may tend to increase. This 
is the case in the age series after 4 weeks of vernalization. They may also remain 
high as in other durations of vernalization. Thus a low sensitivity to vernaliza
tion is expressed by a low percentage of flowering and a high mean number of 
days to budding. The opposite holds true for a high sensitivity to vernalization. 

After SV the mean numbers of days to budding decrease slowly with increasing 
duration of the SV until a constant value is reached. Also after vernalization 
of plants up to about 40 days a more or less constant value for the mean numbers 
of days to budding is reached with an increasing duration of PV. These constant 
values are lower after PV of older plants. 

The mean numbers of days to budding gradually decrease in plants of about 
40 days or older with increasing duration of vernalization until the plants will 
even flower during the vernalization treatment itself, as has already been demon
strated by WELLENSIEK and BARENDSE (143). This decrease proceeds more 
rapidly with older plants. That plants younger than 6 weeks do not reach 
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flower formation during a permanent cold treatment is due to the fact that the 
development at 5°C is extremely slow and no appreciable growth is observed at 
this temperature in these young plants. 

It is worth while to note that normally flower initiation after SV does not take 
place earlier than 5 to 6 weeks after the SV and this is exactly the initial age at 
which plants may reach flower formation at a permanent temperature of 5 °C. 
This means that the plants have to reach a certain size in order to make flower 
initiation possible. It is therefore obvious that plants younger than 6 weeks will 
first have to reach the required size. However, the plants succumb before this 
size is ever reached. 

3.5.2. Effect of SD after vernalization 

An experiment carried out in the spring of 1961 consisted of three age series 
of plants of 0,4, 8, 12,16, 20,24, 28, 32, 40,48 or 56 days, which were vernalized 
for 4, 6 or 8 weeks, followed by SD. Each treatment consisted of 32 plants. An 
extended experiment, which overlapped the former, was carried out in the 
spring of 1963. Four age series of plants of 0, 7, 14, 21, 28, 35, 42, 49, 56, 63 or 
70 days were vernalized for 6, 8, 10 or 12 weeks, followed by SD. Each 
treatment consisted of 24 plants. The results of the two experiments are pre
sented in the graphs 2A and 2B. 

The percentages of flowering, presented in graph 2A, show that after SV or 
PV of young plants no flowering at all occurred in SD and that flowering 
starts at a certain age. This age is younger as the duration of the PV is longer. 
The percentages of flowering increase with increasing age in all age series. 
Furthermore, the percentages of flowering increase with an increasing duration 
of PV at the different ages. The comparable vernalization treatments of 6 and 
8 weeks of PV show that the values of the experiment of 1961 are lower than 
those of the experiment of 1963, but that in 1961 flowering started at a somewhat 
earlier age. These differences must be due to other external conditions than the 
day length. 

The overall picture of the mean numbers of days to budding, presented in 
graph 2B, show a decrease with increasing age and also a decrease with in
creasing duration of the vernalization. It is obvious from the above results that 
SD after vernalization has a disadvantageous effect on flower formation which 
decreases with increasing age of the vernalized plants and with increasing dura
tion of vernalization. 

A comparison of the results obtained in LD and SD after vernalization 
shows that LD is optimal for flower formation as particularly the comparable 
percentages of flowering are generally higher and the comparable mean days 
to budding generally a little lower in LD. These differences become smaller 
with increasing age until at an age of 70 days and after a vernalization lasting 
8 weeks flower formation is no longer influenced by the day length. Thus day 
neutrality depends on age and on the duration of vernalization and this is in 
accordance with the former conclusion of WELLENSIEK and BARENDSE (143). 
For this reason most further experiments on PV have been carried out with 
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grown-up plants of 12 weeks or older, of which had been established as day 
neutral after suboptimal vernalization as well. 

O 4 8 12 16 24 32 4 0 48 56 

GRAPH 2A. The relation between age and duration of vernalization, in SD after vernalization. 
The influence on the percentage of flowering. 

days to budding 

O S 16 24 32 4 0 48 56 

GRAPH 2B. The relation between age and duration of vernalization, in SD after vernalization. 
The influence on the mean number of days to budding. 
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3.6. CHEMICALS 

From the many chemicals which have been used in relation to vernalization 
according to the literature, the gibberellins have proven to be most apt for 
promoting flower formation in several plants. Moreover, the results obtained 
with gibberellins are generally more consistent than numerous reports on other 
chemicals which are often uncertain or contradictory. Gibberellin-like sub
stances are shown to be present in several higher plants and they may appear to 
be common substances present in most higher plants. For this reason the effect 
of GA3 has been studied in Cheiranthus allionii. 

The use of 5-fluorouracil (5-FU) in vernalization experiments was initiated 
by the concept that cell divisions are a prerequisite for vernalization (139, 141) 
and it was therefore assumed that, if the cell division could be blocked by means 
of 5-FU (4), the effectiveness of vernalization could possibly be influenced. 

3.6.1. Effect of GAZ on vernalization 

In the first experiment SV was applied for 0, 1, 2, 3, 4 or 5 weeks, followed by 
LD. After SV half of the plants of each SV treatment received a 25 ppm GA3 

treatment three times per week, applied by means of a pipette, 3 drops at a 
time. The ultimate number of plants was 24 per treatment. 

The results in table 7 show that GA3 alone, without SV, results in a small 

TABLE 7. The effect of GA3 after SV 

SV in weeks 

0 
1 
2 
3 
4 
5 

- G A 

0 
4 

38 
67 
83 
71 

% flowering 

» + G A 3 

8 
17 
75 
92 
96 
79 

Days to budding 

- G A 3 

<x> 
61 
50 
49 
49 
51 

+ GA 3 

59 
57 
50 
51 
49 
50 

percentage of flowering. By a prolonged application of GA3 on the remaining 
vegetative plants, it became obvious that GA3 may induce flower formation in 
some plants without vernalization, but it cannot be considered as an effective 
inducive agent as only prolonged applications of high concentration exert a 
reasonable effect. 

The results further show that the percentages of flowering after GA3 are 
higher in all cases in comparison with - GA3. Considerable differences in the 
percentages of flowering are found after 2 and 3 weeks of SV. The mean numbers 
of days to budding are not influenced by GA3. 

To investigate a possible effect of GA3 before or during SV, a following 
experiment has been carried out in which seeds were soaked in water or 100 
ppm GA3 for 24 hours at room temperature before being vernalized for 0, 
1, 2, 3, 4 or 6 weeks, followed by LD. After SV half of the plants of each group 
were treated with 100 ppm GA3 three times per week. In this manner the fol
lowing combinations of GA3 treatments were obtained: 
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- GA/ - GA : no GA3 before and during, no GA3 after SV 
- GA/+GA: no GA3 before and during, GA3 after SV 
+ G A / - GA: GA3 before and during, no GA3 after SV 
+ G A / + G A : GA3 before and during, 

The results of this experiment are presented in table 8 
GA3 after SV 

TABLE 8. The effect of GA3 during SV and after SV 

1 

SVin 
weeks 

0 
1 
2 
3 
4 
6 

2 

- G A / 
- G A 

0 
22 
38 
50 
67 
96 

3 4 

% flowering 

- G A / 
+ GA 

9 
54 
52 
91 
75 
86 

+ G A / 
- G A 

0 
25 
34 
56 
83 
71 

5 

+ G A / 
+ G A 

0 
58 
65 
71 
74 
83 

6 

- G A / 
- G A 

CNÛ 

56 
55 
53 
55 
52 

7 

Days to 

- G A / 
+ G A 

63 
54 
54 
54 
53 
57 

8 

budding 

+ GA/ 
- G A 

C\D 

57 
55 
53 
53 
53 

9 

+GA / 
+ G A 

cv> 
55 
55 
54 
51 
53 

A comparison of the percentages of flowering of the columns 2 and 3 confirms 
the conclusion of the former experiment that GA3 promotes flower formation, 
particularly after suboptimal SV. A comparison of the percentages of flowering 
of the columns 2 and 4 shows that after 0, 1, 2 or 3 weeks of SV no significant 
differences occur, whereas the percentage of flowering of column 4 after 4 weeks 
of SV is higher and after 6 weeks of SV is lower than that of column 2. It seems 
therefore that GA3 before and during SV has no consistent effect. The above 
conclusions are further supported by a comparison of the percentages of flower
ing of column 3 and 5 on the one hand and the columns 4 and 5 on the other 
hand, which by subtraction give the netto effect of GA3 before and during SV, 
and after SV respectively. This experiment also shows that the mean numbers of 
days to budding, columns 6, 7, 8 and 9, after SV are not influenced by GA3. 

Another experiment has been carried out in which after 6 weeks of SV, 
followed by LD, GA3 treatments were applied during 1 or 2 weeks of SD, given 
at different moments after the end of the SV, in order to check whether the 
disadvantageous effect of SD could be prevented by GA3. However, as this 
experiment was carried out in connection with other experiments, to be de
scribed on p. 34 until 36, the results will be presented and discussed later. 

Finally, an experiment has been carried out on the effect of GA3 before PV. 
PV for 4 weeks was preceded by 3 weeks of applications of 100 ppm GA3 three 
times per week, whereas the control plants remained untreated. From the 20 
plants per treatment in both cases 11 plants i.e. 55% came into flower. The 
mean days to budding after PV amounted to 21.6 days for the control and to 
19.6 days for the GA3 treated plants. It is obvious from this experiment that 
GA3 has no effect on subsequent PV as well. 
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3.6.2. Effect of 5-FU on vernalization 

In order to obtain a suitable concentration of 5-FU, a germination test has 
been carried out with a range of concentrations of 5-FU varying from 10~4 

molar to 5.10~3 molar. A concentration of 5.10~~4 molar was chosen for further 
experimentation as at this concentration germination is visibly inhibited, 
whereas the majority of the treated seeds kept their viability. 

In an experiment seeds or plants were treated before, during or after vernaliza
tion with 5-FU, by soaking the seeds in the 5-FU solution or by dripping the 
plants three times per week. Small growth delays have been observed, parti
cularly when 5-FU was applied after the vernalization. The results of the ex
periment were irregular, but nothing of a direct influence of 5-FU on vernaliza
tion appeared. 

3.7. DISCUSSION 

Verna l iza t ion of soaked seeds and of p lan ts may lead to flower 
formation in Cheiranthus allionii. However, the ability to be vernalized is not 
the same in consecutive stages of the plant. After SV and after PV of young 
plants, the plants have to reach a certain size before flower formation is possible, 
whereas older plants are able to initiate flowers soon after PV. The optimum 
temperature for flower formation after SV as well as PV, particularly of young 
plants, has to be a compromise between the optimum temperature for growth 
and the neutral temperature i.e. the temperature at which devernalization does 
not take place yet. The optimum temperature for flower formation, being the 
temperature at which complete flowering takes place most rapidly, however, is 
difficult to determine exactly as it is modified by other external conditions after 
vernalization, particularly by the light conditions. The better the light conditions 
after vernalization, the higher the temperature which may be maintained after 
vernalization. 

The realization of flowering after SV and PV of young plants takes consider
ably more time and thus the light conditions have more time to influence the 
flower formation. Hence it is obvious that the light conditions are relatively 
more important after SV and PV of young plants. These facts link up with the 
results obtained by LANG and MELCHERS (78), who showed that the critical day 
length of the annual strain of Hyoscyamus niger increases with increasing tem
peratures, whereas FRIEND and PURVIS (32) demonstratedinPetkus winter rye that 
the devernalization by high temperature could be diminished or prevented among 
others by weak light instead of darkness during the high temperature treatment. 

Light qual i ty. Fluorescent light during PV increases its effectiveness in 
comparison with incandescent light at all durations of PV. The effect of light 
quality, fluorescent light versus incandescent light, in as much as it was studied 
in Cheiranthus allionii, seems to be largely due to differences in the light inten
sity of the light sources used, whereas it interacts with the day length. 

The effect of the light intensity, particularly of importance after SV or PV 
of young plants, is obvious, low light intensity being inhibitory to flower forma
tion. In literature, only little direct evidence on the effect of light intensity after 
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vernalization is presented, but it is generally concluded from indirect evidence 
that low light intensity inhibits flower formation. This effect has been explicitly 
reported by NAPP-ZINN (107) for Arabidopsis thaliana. 

Short days before PV have a disadvantageous effect on subsequent 
vernalization, called anti-vernalization. In literature such cases are not known. 
No influence of the day length before PV has been reported for Hyoscyamus 
niger by LANG and MELCHERS (78) and for species of Beta vulgaris, Brassica 
oleracea, Apium graveolens, and Daucus carota by JUNGES (62). 

Day- length effects du r ing PV depend on the light quality and the 
duration of PV, whereas the light intensity will undoubtedly be of importance 
as well. Incandescent light during PV causes an increasing effectiveness of PV 
with increasing day length. Fluorescent light during PV probably causes a 
decreased effectiveness of PV in SD in comparison with LD at suboptimal PV, 
whereas no difference between SD and LD was observed at optimal PV. 

As the influence of the above factors is generally overlooked, this might 
probably explain the contradictory results in literature. According to several 
authors (20,21, 28,29, 30, 54,67, 148) and others listed by MATHON and STROUN 
(90, p. 61), SD during PV has a favourable effect on vernalization of cereals and 
several perennial grasses. Certain authors (81, 82, 111), however, could not 
confirm this and even claimed a favourable effect of LD during vernalization. 

Considering the data in the literature more closely, it appears that favourable 
effects of SD during vernalization were generally found under field conditions, 
whereas favourable effects of LD were found under artificial light conditions in 
which a weak illumination was applied. Such a case has been explicitly reported 
by KREKULE (67). He also found that the day-length effect under artificial light 
of low intensity was obliterated with increasing light intensity. Another case is 
mentioned by MATHON and STROUN (90, p. 63) for Campanula persicaefolia. 
In plants other than cereals or grasses a promotive effect of long days during 
PV has generally been reported, such as Beta vulgaris (19), Raphanus sativus (64, 
129), and Silene armeria by WELLENSIEK (unpublished). JUNGES (61) reported 
that weak CL during PV of spinach up to 15 days acted inhibitorily on PV 
in comparison with CD, whereas at longer durations of PV this inhibitory effect 
of CL is overcome. NAPP-ZINN (107) showed that light during PV of young 
plants of Arabidopsis thaliana promoted vernalization in comparison with 
darkness, whereas he found no effect during PV of older plants. 

The vernalization temperature seems to be another factor which interacts 
with the effect of day length during vernalization, as has been reported for wheat 
by NIKIFOROV (111), who found that the_higher the vernalization temperature, 
the shorter the day length necessary for optimal flowering after vernalization. 
A similar case has been reported by CHUJO (21), who found that the effect of SD 
was more pronounced at higher temperatures, including SD-induction at higher 
than vernalizing temperatures. From all these varying results in literature and 
those obtained in Cheiranthus allionii, it is obvious that light during PV plays 
an important role, but that its effect in either direction, positive or negative, 
does not show a general picture even within the same species. More experimen-
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tation under strictly controlled conditions is needed in order to obtain more 
decisive results. 

Day length after ve rna l iza t ion . Day-length effects during PV are 
linked up with the effect of limited periods of SD immediately after vernaliza
tion. In Cheiranthus allionii SD, including limited SD-periods, is always found 
to have a disadvantageous effect after vernalization. In literature a promotive 
effect of limited SD-periods after PV is reported for winter rye (113,115), winter 
barley (20), perennial grasses (22) and for endive (53). However, an advanta
geous effect of SD seems to be found after suboptimal vernalization only. The 
data in literature suggest that induction by SD or by vernalization are indepen
dent processes. This is explicitly shown by WELLENSIEK (135) in Campanula 
medium, by CHOUARD (15) in Scabiosa succisa, by VAN DER VEEN and MEIJER 

(132, p. 44) in Pelargonium grandiflorum, by MATHON (89) in Symphyandra 
hoffmani, and by COOPER and CALDER (10,11,22) in some perennial grass species. 

P lan t age at the beg inn ing of ve rna l iza t ion , d u r a t i on of ver
na l i za t ion and day length after v e rna l i za t ion showed a close rela
tion in Cheiranthus allionii. In LD after vernalization the vernalizability varies 
with age and plants of 12 to 16 days old possess a consistent minimum for ver
nalizability. A similar varying vernalizability with age has been reported by 
NAPP-ZINN (104, 105, 106, 107, 108) for strains of Arabidopsis thaliana, by 
MÜLLER-STOLL and HARTMANN (101) for Oenothera of Berlin, and by the 
author (unpublished) in two strains of Lolium perenne and one strain of Lolium 
temulentum. Indications for a varying vernalizability with age have been reported 
by HIGHKIN (56) and MOORE and BONDE (100) for peas. Cases in which the 
vernalizability starts at a certain age and increases with age until optimal 
vernalizability is reached, have been known longer and are reported for 
Hyoscyamus niger (122), Campanula medium and Lunaria biennis (135, 136, 
137), Dianthus barbatus (134), and crops such as red garden beet (144). 

Short days after vernalization result in a completely different flowering behav
iour of Cheiranthus allionii in comparison with LD. SD has a disadvantageous 
effect on flower formation after SV as well as PV. However, the disadvantageous 
effect of SD decreases with age of the plants, grown-up plants being day neutral. 

The disadvantageous effect of SD after PV of older plants can be partly 
overcome by an increasing duration of the PV. It is well known in the literature 
that most cold requiring plants require or prefer LD after vernalization for 
optimal flowering, whereas others are day neutral. So far no case is known of a 
plant which requires continuous SD after vernalization. Several LDP, which 
come into flower in LD without vernalization and do not flower in SD at all or 
very much retarded, are able to flower in SD or flowering is enhanced when these 
plants are vernalized as is the case for annual Hyoscyamus niger (78), Silene 
armeria (WELLENSIEK, unpublished), strains of Arabidopsis thaliana (70, 150), 
spinach (66, 133), Sinapis alba, Agrostemma githago and annual Beta vulgaris 
(51, 52), Trifolium subterraneum species (27), and for Campanula rotundifolia 
and Campanula cespitora (89). Some authors call this effect a decrease of the 
critical day length by vernalization. 
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Other cases are known of plants which normally will not flower in LD as well 
as SD without vernalization, but may do so in CL as is reported for species of 
winter rye, winter barley and winter vetch (8) and for Melitotus species (63), 
thus showing that plants which have an absolute cold requirement under natural 
conditions do not show this requirement under conditions which do not occur in 
nature. It is obvious from these results that even the notion absolute cold 
requirement is a relative one. 

Gibbere l l ic acid may substitute for the vernalization requirement in 
Cheiranthus allionii only partially. But as a prolonged application of GA3 of a 
high concentration is necessary, GA3 cannot be considered as an effective 
inducive agent. The fact that GA3 induces flowering in a few plants only, 
whereas the flowering times are spread over a long period, is probably due to the 
different cold requirements of the different plants, determined by different 
genetical constitutions. Probably only plants with a relatively small cold re
quirement are induced by GA3. Relatively few cases are known in literature 
in which GA substitutes for an absolute cold requirement. Such cases are 
Hyoscyamus niger, Daucus carota, Brassica napus, Petroselinum sativum (74, 
75, 76), Centaurium minus MOENCH (12), winter rye (5), and some vegetable 
crops (6). Particularly in quantitative cold requiring plants GA may substi
tute for vernalization as has been reported for lettuce (7), endive (55, 117), 
varieties of Chrysanthemum (24), and strains of Arabidopsis thaliana (122). 

Several LDP are enabled to flower or flowering is enhanced in SD, e.g. annual 
Hyoscyamus niger, Samolus parviflorus, Crépis tectorum, and Silene armeria (74, 
75, 76), and some vegetable crops (147). 

However, in recent years at least 9 different gibberellins have been identified, 
each of which may have different responses in different plants as has been shown 
by MICHNIEWICZ and LANG (99), or even within the same species, but different 
strains, as has been demonstrated by NAPP-ZINN (110) in Arabidopsis thaliana. 
It is apparent from these data that former negative results will probably have to 
be revised when other gibberellins than GA3 will be used. 

Gibberellin-like substances are present in several higher plants (9, 77, 80, 
146). CAJLACHJAN and LOZHNIKOVA (9) showed that high concentrations of 
gibberellin-like substances were found in summer varieties of wheat, rape and 
rye, particularly in LD, whereas they were undetectable in the unvernalized 
winter varieties. They assumed that a high level of gibberellins was necessary 
for flower formation. If this is true, one could assume that GA-applications after 
vernalization merely increase the level of GA in the plant and thus may enhance 
the possibility of flowering. This idea fits well to the fact that e.g. in Cheiranthus 
allionii GA3 exerts its strongest effect after suboptimal SV. However, in Cheiran
thus allionii no effect of GA3 has been found before and during SV or before 
PV. This has also been reported by TSUKAMOTO and KONISHI (131) for radish. 

5 -F luorourac i l has no direct influence on the vernalization process in 
Cheiranthus allionii, as has also been found in endive (55) and Lunaria biennis 
(WELLENSIEK, unpublished). 
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CHAPTER 4 

FACTORS INVOLVED IN F I X A T I O N AND 
R E V E R S I O N OF THE V E R N A L I Z A T I O N 

4.1. ACCUMULATION OF THE VERNALIZATION EFFECT 

Vernalization is an accumulative process which is initiated by and proceeds 
under a relatively low temperature until a 'vernalized condition' is reached in 
which the plant is able to flower after vernalization. The accumulative character 
of vernalization is, for example, demonstrated by the fact that the vernalization 
period may be interrupted with periods of non-vernalizing temperatures, 
resulting in an ultimate effect which is about equal to the effect of an uninter
rupted vernalization period of the same length. The extent of the accumulation 
of a vernalization effect is influenced by several external conditions of which, 
however, the temperature is the most decisive. 

4.1.1. Low temperature 

Low temperatures (50) between the limits of - 6 and +14°C, but normally 
between + 1 and +5°C, are the fundamental agent of the vernalization process. 
In Cheiranthus allionii 5°C has been used. In the former chapter it has already 
been noted that the percentages of flowering after SV as well as after PV increase 
with an increasing duration of the vernalization, indicating that different plants 
reach their vernalized condition consecutively. This implies that the different 
plants possess different cold requirements, due to different genetical constitutions. 

Furthermore, it was observed (143) that plants may come into flower during 
a prolonged treatment at 5 °C, demonstrating that induction as well as realiza
tion of flower formation may take place at 5 °C, which implies that it will be 
difficult to establish at which moment the vernalization process ends and the 
realization of flowering starts. They are probably overlapping events. 

4.1.2. Moderate temperature 

Moderate temperatures, lying somewhere between 15° and 25 °C, are con
sidered as temperatures which on the one hand maintain the already achieved 
vernalized condition, while on the other hand allowing a rapid realization of 
flowering. Such temperatures are also called neutral temperatures. However, 
whether a certain temperature is neutral or not is to a great extent determined by 
other factors such as the duration of the preceding vernalization and the day 
length. 

4.1.3. High temperature 

High temperature, such as 35 °C used with Cheiranthus allionii, may cause a 
reversion of the vernalization process. Since revernalization is possible after 
devernalization by high temperature, a real reversion must have taken place. 
The extent to which devernalization by high temperature is possible, depends on 
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other factors such as duration of the preceding vernalization and duration of the 
high temperature treatment itself. 

4.2. DEVERNALIZATION 

All processes leading to a reversion of the vernalized condition are considered 
as devernalization. The particular conditions which may lead to devernalization 
in Cheiranthus allionii are high temperature and SD or CD. 

4.2.1. Devernalization by high temperature 

4.2.1.1. Effect of high t empe ra tu r e before PV. Two experiments 
have been carried out in each of which the PV was preceded by periods of 0, 3, 
7, 14, 21 or 28 days at the high temperature of 35 °C. In the first experiment only 
5 weeks of PV, in the second experiment 4 as well as 5 weeks of PV were applied. 
The number of plants per treatment varied from 15 to 20 plants. The results of 
both experiments are compiled in table 9. 

TABLE 9. The effect of limited periods of high temperature before PV 

Days at 
35 °C 

before PV 

0 
3 
7 

14 
21 
28 

exp. 1 

5w. PV 

93 
-

100 
60 
61 
25 

% flowering 

exp. 

4w . PV 

69 
75 
63 
65 
40 
25 

2 

5w. PV 

88 
95 
88 

100 
92 
66 

exp. 1 

5w. PV 

14 
-

15 
18 
22 
31 

Days to budding 

exp. 2 

4 w. PV 5 w. PV 

13 11 
13 11 
15 12 
14 11 
14 11 
15 12 

In experiment 1 periods at 35 °C of 14 days or longer before PV show a 
consistent decrease in the percentages of flowering in comparison with the con
trol. In experiment 2 the same decrease in the percentages of flowering occurs, 
but now after periods of 21 days or longer before 4 weeks of PV and after a 
period of 28 days before 5 weeks of PV. In experiment 1 the mean days to 
budding increase with increasing periods of high temperature before PV. This 
is not clearly the case in experiment 2. 

The decreasing percentages of flowering and the increasing mean days to 
budding demonstrate that long periods of high temperature have a disadvan
tageous effect on subsequent vernalization, which has to be called anti-vernaliza
tion. In other words : the vernalizability of the plants is decreased by preceding 
long durations of high temperature. 

4.2.1.2. Effect of high t empe ra tu r e du r ing i n t e r r up t i on s of PV. 
In an earlier experiment (3) PV was interrupted with LD and SD at 20 °C or 
natural day at 35 °C at different moments after the beginning of the vernaliza
tion, whereas the total duration of the vernalization period was kept constant. 
However, the design of this experiment did not allow a clear separation between 
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the effects of vernalization, interruption and revernalization. In the experiment, 
which will be described in the following, this difficulty has been met with by 
constant revernalization periods. 

PV treatments of 0, 1, 2, 3, 5 or 7 weeks were followed by interruptions with 
LD at 20°C or 35 °C for 3, 7, 14 or 21 days. The interruptions were followed 
by revernalization for 3 or 5 weeks, being in itself insufficient for PV and suffi
cient for suboptimal PV respectively. The controls remained uninterrupted. The 
duration of the vernalization of the controls is equal to the total duration of the 
interrupted vernalization treatments, being 3,4, 5,6, 8 and 10 weeks respectively. 
Each treatment initially consisted of 20 plants but during the treatments in
cidentally one or more plants died, resulting in a varying number of plants, 
between 15 and 20, per treatment. The results for 3 weeks of revernalization are 
compiled in table 10. 

With one exception only, the vernalization treatments, interrupted at 20 °C 
for 3, 7, 14 or 21 days yield lower percentages of flowering than the corre
sponding controls, when the interruptions take place after 5 weeks of PV or 
earlier. The percentages of flowering decrease with an increasing duration of the 
interruption. It is therefore obvious that interruptions at 20 °C have a disadvan
tageous effect, when given after suboptimal vernalization. As the revernaliza
tion period of 3 weeks is in itself insufficient for vernalization, it appears that the 
effect of these interruptions at 20 °C consist of a nullifying effect on the previous 
vernalization, i.e. devernalization, which must be due to the relatively high 
temperature during the interruption in comparison with the vernalization 
temperature. 

The percentages of flowering after interruptions at 35 °C after 5 weeks of 
PV or earlier are generally higher than those after corresponding interruptions 
at 20 °C, but still lower than those of the corresponding controls. The percent
ages of flowering decrease with increasing durations of interruptions at 35 °C. 
After 7 weeks of PV short interruptions of 3 or 7 days at 35 °C have no effect, 
whereas after interruptions of 14 or 21 days the percentages of flowering are 
lower than the corresponding controls. 

The mean numbers of days to budding appear to be somewhat irregular, but 
nevertheless it is obvious that they decrease with an increasing duration of the 
vernalization, whereas no consistent effect of the temperature during the inter
ruption is observed. 

The overall picture of the percentages of flowering in table 11 shows the same 
trends as those of table 10. However, the percentages in table 11 are higher than 
in table 10 due to the longer revernalization period. 

Particularly the percentages of flowering in table 11 show that the differences 
between interruptions at 20 °C and at 35 °C are most pronounced with inter
ruptions of short duration, namely 3 or 7 days. At longer durations, 14 or 21 
days, the differences more or less disappear, whereas the percentages of flower
ing after interruptions at 35 °C are lower than those after interruptions at 20°C, 
particularly after 5 or 7 weeks of PV. The mean numbers of days to budding 
rather clearly tend to decrease with an increasing duration of the vernalization, 
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