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$ 1. INTRODUCTORY.
As has been frequently pointed out in our previous publications on
the periodicity of' horticultural plants, a comprehensive experiment
should be preceded by a detailed morphologic-physiological description
of the annual periodical development. Only on that base further
experimenting on the influence of the surrounding factors may be
fruitful. While for various plants the periodical bud-development
has been described, which will be regularly continued with respect
to the most important species, — we could start experimenting
regularly in 1922, after a laboratory had been provided with the
technical outfit required for such a research on a limited scale. As
with the bud-research Hyacinthus orienialis was the first to be
examined for the experiment, next the Tulip and others will follow.
For the Hyacinth I first chose the investigation into the influence
of the temperature applied in the period of flower-formation, i. e.
from the lifting to the planting. The series of experiments made in
the summer of 1922 observed in the course of 1922—1923 are
described in this first part. Of course they soon gave rise to numerous
new supplementary questions, which were investigated into in the
summer of 1923, and the results of which will be described in the
course of 1924 in the second part. Further questions, supplements
concerning the Hyacinth will be treated in the summer of 1924 and
will be discussed in a third part. In the first part no literature will
be discussed ; it seemed desirable to me^await further results.
The research chiefly concerns the influence of the temperature
(besides some experiments on humidity), applied during flowerformation. Meanwhile experiments are being made on the influence of
the temperature on the period of extension, beginning about September.
The two groups of experiments on the temperature during the
periods of flower-formation and of extension are meant to constitute
a general review corcerning the temperature during the whole
cultural year.
In thisway we want toget some certainty concerningproblems which
are both interesting and important from a botanic-scientifical and a
horticultural-economical viewpoint. A more systematic treatment of
experimental morphology, forming at present a very deficient, but
indispensable link between formal morphology and chemical plantphysiology; an experimental investigation into the annual periodicity,
up to now based but too much on the observation of phenological
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phenomena out of doors, when the numerous capricious influences
of the climate during previous months cannot possibly be interpreted
scientifically ; a special research on the conditions controlling the
fl,ower-formation; further in general the finding of the circumstances guaranteeing or at least approximating an optimal plant.
It is necessary to consider this expression 'an optimal plant' for
a moment, for here a subject is touched upon about which
botanist and horticulturist have got to understand each other. In by
/ar the most cases a detailed determination of the relation between
'physiological processes and attending factors has only been made for
the temperature as corncerns the growth-factors, while not too
complicated processes were chosen. This iseasily understood, because
one has to start with the simpler processes, to have some chance
(as with CO' assimilation and respiration) of making the results
comprehensible and of connecting them with similar determinations
in the sphere of chemistry. For though the processes examined are
in most of these researches an inseparable part of the very complicated occurrences in the organism, yet that part was usually rightly
chosen in such a way, that the determinations were relatively simple
and could beexpressed, defined and discussed chemically (or sometimes
physically). In the exact and thoroughly comprehensive determination
of relation curves (minimum-optimum-maximum-determinations) plantphysiology has preferably occupied itself with processes, connected
with general physiological chemistry. There is however a large domain
of botanical interest for experimental morphology, of horticultural
importance for cultivation, where a detailed and accurate determination
of the relation between processes and growth-factors in relationcurves or in another form has hardly commenced. Nor is this hard
to understand, because with these processes, there is always needed
a rather extensive technical preparation, but also because these
processes or rather the 'effects' we measure, cannot be chemically
defined ; for the present they can only botanically be mentioned and
described accurately, being results of very complicated occurrences,
frequently externally perceptible, morphological results of bio-chemical
processes, which constitute their base. But we cannot wait for the
development and slow and difficult progress of physiological chemistry,
however much a thoroughly progressing examination from the simpler
ph}rsiologic-chemical phenomena to the compound morphological effects
might apparently satisfy us scientifically. We must not await this,
because on the one side it is of eminent importance for the cultures
involved, on the other side, because in botanical science there has
been too long a hopeless distance between a formal morphology,

FLOWER-FORMATION FOR THE WHOLK, HYACINTH.

studied with due strictness, and a physiology studied from too
chemical a point of view. Between the two there lies an extensive
domain, the work of experimental morphology ; whether this subdivision of science is regarded as physiology or as morphology is a
question of words and definitions and is of no consequence; the
subjects are unquestionably botanical, treating vital phenomena. In
the domain of experimental morphology much,work has been done and
in many directions; we specially mention the names of Vöchting, Goebel,
Bonnier and Klebs. Not only botanically, but also praetical-horticulturally much has been done and put into use by experience, that
really belongs to experimental morphology. But what is first of all
necessary is a more accurate and detailed working-out of the relation
between organic formation and the attending growth-factors.
In this we have to deal with optima and relation-curves concerning
very complicated vital phenomena, as flower-formation (number and
size of flowers), leaf-formation, number and length of roots and
many others. The formation of the various organs, besides their
individual size, number, habit and other external characters, have
their own relation and optimum with regard to the various growthfactors; moreover they cannot be regarded individually, because they
build up one organism and originate from one organism.
As far as the vital connection with the other organs of the joint
organism allows of it, we can aim at the optimum of one definite
organ, specially of the size or the number of flowers or the largest
leaf-surface. This is a partial optimum, which may be important for
definite horticultural purposes or for definite scientific studies. In
many cases however the optima will have to be ascertained for
various organs and organic phenomena and from these an optimal
combination of optima will have to be derived. How this has to be
carried out, depends on the requirements made of the plant, of the
product, or on one's scientifical object. In this paper this will be
made clearer, especially in the conclusion of $ 9. For the present I
restrict myself to this explanation of the above-mentioned expression:
'the approximation of an optimal plant'. This therefore is the province
where horticulture and botany meet, where both science and practice
have their interests, where naturalist and grower can understand
each other. The botanist's working with economically important
plants, will not harm the scientific character, while on the other
hand it may be profitable to horticulture.
Here it is again experienced that science and application are not
opposed.
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$ 2. MATERIAL AND TREATMENT.
These first series of experiments have to serve as a base to the
further study of the optimal factor-combination, of the „celerrimum",
the problem of the flowering-ability (Blüthenreife) and the flowerformation, not only for the Hyacinth, but also for other plants.
Intentionally bulbs' were chosen for this purpose of that age and
that size, which all of them yield flowers when properly treated.
Bulbs therefore which have just passed the limit of not beingable to flower. For in our first series ot experiments on causes
and influences concerning the flowering-ability, it is much to be
preferred to start with an organism, only just capable of yielding
flowers, which therefore distinctly shows a less favorable influence
of external conditions in the fact that the flowers are not formed
or only defectively, i.o.w. an organism, in which the floweringability still is in a sensitive, perhaps unstable period. Whether
this flowering-ability of the Hyacinth depends on both the age
and the size of the bulb or only on one of them, will be discussed
in the second part of this study.
In the beginning of July 1922 we chose for this experiment
bulbs of the variety Queen of the Blues, originated from bulbs
which were scooped in Aug. 1920. Of these nearly 2-year old bulbs
about 1800 were selected, the circumference of which lay between
75 and 90 mms.
On July 7th 20 of these bulbs were fixed in alcohol 96 %» after
having been scored on two sides, — in order to know the condition
of the growing point on the day, on which the experiments were
started. Next (from that, day) 160 bulbs were put into 11 thermostats. Besides these Hyacinth-bulbs there were put in each temperature
80 Tulip-bulbs (Pride of Haarlem). The result of the experiment
concerning the Tulip will berecorded later on. These 11 temperatures
Were the following: l-t»—5°—9°—13°—17°—20"—23s—251"—28°—
31°, and 35° Celsius. They were chosen in such a way, that those
higher temperatures, at which a more optimal effect might be
expected, succeeded with shorter intervals.
The regulation of the thermostats, placed in their turn in rooms
which are strongly or moderately cooled or heated, I shall not
discuss here. I hope to have an opportunity later on of giving a
separate technical description of these rooms of a constant heat or
cold. Neither shall we discuss the possible influence of humidity
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during the period of flower-formation in this first paper. In the
second part they will be mentioned a.o. with respect to experiments
made in the summer of 1923. We only wish to mention here that
a constant degree of humidity was maintained as much as possible
in the various temperatures. This necessitated protection against
draught in the higher temperatures, in the lower against a toogreat
humidity. The moisture was regulated by placing into the thermostats
one two or more porous evaporation-tubes, such as are hung on
the radiators of central heatings. By filling the tubes more or less,
the humidity in the higher temperatures can be satisfactorily regulated (This method was contrived by Miss I. LUYTEN and Miss
M. C. VEHSLUYS). It was usually kept at 70 to 8 0 % . On thewholeI
recommend not to exceed 70% for the preservation of bulbs, as
will be discussed in part 2. As however in the lower temperatures
the degree of humidity was very high and in some thermostats
could hardly be kept below 90°/,,, by placing dishes with slacked
lime into them, the humidity in the higher temperatures was also
allowed to rise higher than necessary. That this unequal degree of
humidity in the low and high temperatures has been of little
consequence, may follow from the about equal loss of' weight in
more than 12 weeks (see § 4).
So in 11 temperatures 160 Hyacinth-bulbs were placed onJuly 7.
After 3 weeks 10 bulbs were scored from each temperature and
fixed in alcohol to know the condition at that moment. Besides 30
bulbs from those temperatures were brought into a room of about
18° Celcius, in which temperature they remained till they were
planted in the gardens at the beginning of October.
The same was repeated after 5 toeeks and after 8 weeks while
after a little over 12 weeks, 10 of the remaining 40 bulbs were
fixed in alcohol and 30 were planted at the same time with all
other groups.
So at the beginning of October 1922 we planted 44 groups,
numbering each 30 bulbs, viz.
11, which had been treated for a little over 12 weeks in the 11
temperatures and were then planted;
11, which had been treated for only 8 weeks and remained for
more than 4 weeks in 18°;
11, which had been treated for 5 weeks and remained in 18°for
more than 7 weeks;
11, which had been treated but for 3 weeks and had been preserved in 18° for more than 9 weeks.
The progress of the development of flower and leaf could be
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controlled, because after 3, 5, 8 and 1 2 | weeks 10 bulbs from each
temperature were fixed.
The bulbs were planted in dune-soil suitable for bulb-cultivation,
manured as is usual in cultivation, planted in such a way that the
topside of the bulbs remained 5 cms. below the surface of the soil,
with a constant water-level of 60 cms below this surface, in the
Hyacinthcistern described in publication NV 7 of this laboratory
(1923).
At the beginning of January another ten of the 30 bulbs of these
44 experiments were carefully dug up with the roots toget a comparative view of the 44 treatments at that point of time.
It stands to reason that the temperatures could have been administered in various other ways. But the great point was to constitute
a base and get a survey, where about the optima might lie as to
temperature and duration of time, and what secondary phenomena
might arise, apart from the desired optima, with these various ways
of treatment and in the extreme temperatures. Based on the first
results in April—July 1923 of these 44 experiments, supplementary
series of experiments were started in the summer of 1923, which
will be recorded in the second paper. Finally we shall start some
more series in the summer of 1924, to which the results of 1923
and the further treatment of the material of 1922, lead.
With these temperature-experiments I initially only had in view
the question of the direct influence of the temperature on the
formation of flowers, as an interesting botanical problem, for which
the bulbs are uncommonly suited; first because many species are
kept dry during tlower-formation and secondly because especially
with the Hyacinth the flower-yielding vegetation-point is kept in a
constant centre of uniform humidity and absence of light by the
enveloping scales. The title of this paper however has become more
comprehensive, because not only the flower-cluster but also leaves
and roots so clearly show the result ot the temperature, which in
the period of flower-formation, in this case July—Sept. has been
administered. And those results are of great importance for the bulb
as a cultivation-plant.
This is sufficiently clear from the following enumeration of organs
and magnitudes, at which the results of the 44 treatments were
determined by countings, measuring or other observations. These
results will be discussed in the next $ $.
The length of the outmost young leaf after 3, 5, 8 and 12i-weeks
in 11 temperatures.
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The length of this outmost leaf in Januari/ after a treatment of
3, 5, 8 and 12£ weeks in the 11 temperatures.
The length the outmost leaf attains about June 1 after these 44
treatments.
The width the outmost leaf attains about June 1.
The number of leaves formed which actually get extended and
assimilate.
The proportion of the assimilating surface after these 44 treatments.
The increase of weight of the bulbs, when the assimilation is
finished.
The condition of the root-whorl at the beginning of October.
The number of roots shooted in January.
The lenghts the roots had attained in January.
The rate of flower-formation in the 11 temperatures.
The number of flower-clusters which succeeds, fails or is not
formed at all.
The height of the flower-cluster (or the vegetation-point) after 3,
5, 8 and 12£ weeks in the 11 temperatures.
The height of the flower-cluster in January after the 44 different
treatments.
The length of the lowest flower in January.
The order of succession in which the clusters flower.
And finally: wherever in 1922 a flower-cluster was formed, —
whether it failed afterwards or not — there was at the same time
under identical circumstances a new lateral vegetation-point formed
(see 1920), which will form a flower the next year (1923). Whether
during the intensive cell-divisions which formed this young vegetation
point the temperature-treatments have excercised any influence on
flower-cluster and leaves which will originate from this in 1924,
will be mentioned in the second publication.
In this paper I must frequently refer to my former investigations on the
development of the Hyacinth. For convenience's sake I will only indicate
these papers by the words "See 1920" and "See 1923", abbreviations referring
to "on the Periodicity of Hyacinthus orientalis, 1920" and "Periodical
circumferential Growth of the bulbs of Hyacinths, 1923", published in Mededeel,
d. Landbouwhoogeschool Wageningen, Dl. XVIII and Dl. XXVII.
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$3.RESULTSOFTHETEMPERATURE-TREATMENTS
ONTHELEAVES.
About July 1 the growing-point still is in Stage I, i.e. in the
period of leaf-formation (see 1920). The treatment of the lifted
bulbs has begun just before the growing-point passes on to flowerformation. By that time the bulbs of the size and age we selected
show an average of 4 leaflets. On July 7 the experiments were
started, the condition of 15 selected bulbs was as follows: once 3
leaflets, once 3 leaflets -\- the fourth in formation, twice 3 leaflets
—j- 4th nearly split off, 7 times 4 leaflets, Iwice 4 leaflets -f-5th
in formation, twice 5 leaflets. If we take 'in formation' asequivalent
to half a leaf, and nearly split off, i.e. nearly independent of the
growing-point, equivalent to ^ leaf, the average amount of leaflets
finished on July 7 is four.
Now the question is whether after July 7 the average number
increases somewhat before the growing-point passes on to flowerformation. I have previously described (see 1920), that the leaflet in
formation frequently remains rudimentary.
For convenience' sake we shall speak of12 weeks in the following
pages, though the longest treatment lasted 12 weeks and 3 days.
Table I gives the number of young leaflets on 10 specimens, found
in the fixations after a stay of 3, 5, 8 and 12 weeks in the temperatures, mentioned in the first column. If we consider that at the
beginning on July 7th 40 leaflets were found on 10 specimens, it is
quite evident that as a rule after July 7nofurther leaflets are added.
The number that had to be ascertained from only 10 fixed
specimens, varies between 37 and 43. In 35° 8 weeks 44are found,
but after 12 weeks 41; 44 therefore must not be attributed to a
real increase, because in that case the amount ought to have been
at least identical after a month. Only in 9°, where after 12 weeks
47 leaflets were counted, the odds are, that the growing-point
continues splitting off leaves in consequence of a longer delay or
total absence of flower-formation. We shall return to these subjects
in §~ . With these bulbs namely, where flower-formation does not
occur at all, just as in the case of bulbs being a year younger or
of smaller dimensions, the same growing-point continues forming a
new leaf-series, starting with 1 or 2 sheath-leaves (see 1923). In a
younger state there isno visible separation between the older and the
newer leaf-series, so that the amount of 47 may very well include
leaflets, belonging to the leaf-series of a following year (see § 7B).
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In connection with what will appear later on about the shooting
of the leaves, we may conclude, that none of these 44 temperatureTABLE 1. Number of young leaves on 10 specimens, found in the
fixations after 3, 5, 8 and 12 weeks, while at the beginning already an
average number of 40 was present.

Temp.

After: 3weeks

5weeks

8weeks

12weeks

IV*0

39

37

39

42

5°

37

40

41

39

9°

40

39

43

47

13°

40

48

43

42

17°

37

40

41

41

20°

40

41

41

43

23°

41

40

40

41

25Vs°

43

40

41

42

28°

40

38

43

41

31°

41

42

43

43

35°

40

39

44

41

treatments will yet cause an increase in thenumber 0/ leaflets formed,
which are to shoot and assimilate in the next spring.
I will next discuss an important point, on which the temperaturetreatments are of great influence. As has been stated above an
average of 4 leaflets has been formed with •these experimental bulbs
on July 7. To give an idea of the slight oscillation of this number,
I mention here, that in all specimens at our disposal, viz. the
fixations 3, 5, 8 and 12 weeks from 11 temperatures and those in
January of all 44 temperature-treatments, the following number of
leaves occurred : 41 X 3, — 610 X 4, — 168 X 5 leaves. (The
amount for 5 leaves may be too large, for the 5th leaf will often
belong to the leaf-series of the following year in those cases, in
which the flowers are not formed at all).
A. How many of these leaves ready get extended and assimilate
in spring? Table 2 give this number per 13 bulbs, counted at the
20 bulbs which were planted in the gardens and stayed there till July.
We may add that already in January it is as a rule to be distinguished with exactness, which leaves are extending and which are not.
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In the table those cases are printed in heavy type, in which all or
nearly all of the leaves in formation have extended and assimilated.
T A B L E 2. Number of leaves shooted in April per 10 bulbs after a
treatment for:
3 weeks

5 weeks

8 weeks

lVs°

28

23

16

0

5°

26

25

14

0

9°

29

24

21

0

13°

28

23

20

16

17°

28

25

25

26 •

20°

28

31

31

31

23°

32

31

fs

36

2SVs°

34

35

40

39

28°

35

39

39

41

31°

38

39

41

38

35°

38

38

36

32

Temp.

12 weeks

The following appears:
1). A stay in 1£°, 5° and 9° till planting-time (October) causesnot
a single leaf to grow out, (whether they are able to do so a
year later, cannot be reported until the next paper appears).
2). After having been in 1\°, 5°, 9°, 13° for .8 weeks and a
month's stay in about 18° (September) l £ or 2 of the4 leaves
may be made to stretch.
3). To bring about the shooting of all leaves formed, afairly high
temperature is needed. Even at 23°C some leaves do not
shoot, even ifthis temperature isadministered for8or12weeks.
When preserved in 20°C about 1 of every 4 leaves doesnot
appear.
4). In 25£° the total number of leaves only tells tofull advantage
after a stay of at least 5 weeks. In 31° a stay of 3 weeksis
already sufficient to enable all leaves to extend later on.
5). While after so high a temperature as 31° even for more than
12 weeks all leaves can shoot, an exposure to 35° is still
favorable during 3 or 5 weeks, but on exposure for 8 and
12 weeks a less favorable after-effect of 35° on the shooting
is certainly perceptible.

/A
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Afterwards I shall revert to this table, in which the figures printed
heavy immediately show, which treatments give an optimal after-effect.
This differs considerably from the influence upon other processes,
but as the optimum from 25|° upwards covers arather large sphere,
we shall see that it being required that all leaves formed must also
shoot and assimilate, need not be a stumbling-block to an optimal
combination of the optima. To attain that all leaves formed also
stretch and assimilate is of course of great importance for thecultivation of the bulbs which are not yetsaleable,asthe circumferential
growth of the bulb depends first of all upon this; (See 1923).
B. Lengths of the leaves.
As mentioned above, the growth of the newly-formed leaves is
considerably influenced by the temperature-treatment, which leads
me to discuss that influence on the length of the leaf; first the
increase of length of the still embryonic leaf in the11 temperatures,
next the influence, the 44 treatments have on the extension of the
leaf in January and on the ultimate length about June 1. As a
standard I chose the outmost leaf, which is also the longest leaf till
spring, but the length of which is usually slightly surpassed by the
outmost leaf but one in the assimilation-period.
Table 3 column 2 gives the average length of the outmost leaf
of the 19 fixed specimens at the beginning of the treatment — next
the lenghts after a stay of 3, 5, 8 and 12 weeks in those 11
temperatures. Besides to this table there has been added the length
attained in January and about June 1 by theoutmost leaves of those
bulbs which have passed 12 weeks in the different temperatures.
These two columns are repeated in Tables 4 and 5, but they have
been added here to allow of a better comparison of the after-effect
with the condition at the end of the temperature-treatment.
Before discussing this table, we should first of all remind the
reader, that the outmost of these new leaflets is by no means very
young, but was already formed by the growing-point 8 to9 months
before; (see 1920). Through embryonic growth (growth going together
with increase of cells) it has only attained a length of about 3 mms.
after those 8 to 9 months at the beginning of the experiments. This
embryonic growth isin course of time attended by extension, which
gradually has the greater share in the increase of length (See1920).
This later progress of extension anditsdependence onthe temperature
is of great importance with respect to the question how quick and
how early leaves and also flower-clusters may appear.
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TABLE 3. Length of the outmost leaf in mms.
After-effect of the
12 weeks-treatment

Beginning
July 7
(« = 19)

3 weeks
July 28
(» = 10)

5 weeks
Aug. 11
(» — 10)

8 weeks
Sept. 1
(« = 10)

lVs°

2.99

3.16

3.10

3.36

3.58

4.16

—

5°

2.99

2.92

3.21

3.34

3.40

4.06

—

9°

2.99

3.10

3.26

3.90

4.80

7.0

—

13°

2.99

3.50

4.01

5.70

10.14

35.6

289

17°

2.99

2.90

4.00

6.18

12.39

37.6

337

20°

2.99

3.40

3.90

6.60

12.10

43.3

342

23°

2.99

3.60

4.40

6.00

10.7

44.4

367

25Vs°

2.99

3.60

4.08

5.89

10.8

45.6

375

28°

2.99

3.64

3.51

5.36

7.4

43.6

359

31°

2.99

3.35

3.46

3.99

4.84

40.7

314

35°

2.99

3.19

3.43

3.78

3.60

34.2

349

Temp.

12 weeks
Oct. 2
(» = 10)

Jan. 4 ca June 1
(» = 10) (« = 20)

About the optimum of that extension in thelatermonths experiments
are being made in our laboratory. But the researches described in
this paper, teach us many things about the direct influence and the
after-effect of the temperature administered from July to Sept. on the
growth of leaf and flower-cluster.
From table 3 iwe derive as follows:
1). Even temperatures of l£° and 5° C do not completely inhibit
the increase of length, while 5° C does by no means inhibit
less than 14°C. (See further $ ). The after-effect continues
disturbing the growth and though this inhibition is somewhat
slighter in 9°, yet there too the after-effect is so strong, that
no leaf shoots from the bulb.
2). After 3 weeks the 'optimum' lies at 23°, 25^° and 28°; after
5 weeks at 23°; after 8 weeks the greatest length is found
at 20° ; after 12 weeks at 17°. Relatively speaking, the leaf
has increased its length by 100 % in 17°, by 80 % in 13o and
20°, during the month of September. The optimum of increase
in length therefore is shifted during the stay in the temperatures in question from 23°—28° to 17° O. This fact will be
discussed afterwards ($ ).
3). Though after a stay of 12 weeks in those 11 temperatures the
greatest leaf-length is found with that group which has been
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in 17° C all the time, and though after that time all groups
were in identical circumstances, ultimately during the aftereffect (January and June) the optimum does by no means
remain with the group of 17°, but the longest foliage (after a
treatment of J2 weeks is found in the group which passed
all that time in 25 1 /, 0 C. Similar phenomena we shall meet
with respect to other organs. Therefore I shall not enter into
this question before having described the other phenomena
ascertained.
Table 3 gives the ultimate length the foliage reaches after a
treatment of 12 weeks in those 11 temperatures. In the following
tables however I shall also mention the after-effect upon the extension, when the bulbs have been exposed only 8, 5 and 3 weeks to
the temperatures mentioned above instead of 12 weeks.
Table 4 shows as an average from 10 bulbs, the leaf-length in
January, as a result of the 44 treatments. In each column the
optimum (sometimes more figures, if they differ slightly) has been
printed in heavy type.
TABLE 4. Length of the outmost leaf in mms. in January, after a
treatment for :
3 weeks

5 weeks

8 weeks

lVi°

28.2

26.7

17.8

4.16

5°

32.5

28.3

18.0

4.06

9°

32.8

32.2

25.3

7.0

13°

38.3

31.8

28.1

35.6

17°

38.6

38.8

39.0

37.6

20°

44.7

46.3

43.2

43.3

23°

47.1

56.7

55.5

44.4

25V 8 °

61.4

68.1

58.0

45.6

28°

67.1

69.4

63.1

43.6

31°

65.1

69.3

60.4

40.7

35°

63.2

70. 2

63.4

34.2

Temp.

12 weeks

Here the following points require attention :
1). With respect to V/,°, 5°, 9° it is evident, that the shorter the
bulbs have been exposed to them, the less the foliage has
suffered.
Verharra. Kon. Akad. v. Wetensch. (2e Sectie) Dl. XXIII.
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2). With respect to 13° this holds good for 3- 5- 8 weeks, but
after a stay of 8 weeks in 13° it is better to stay in 13° for
the following month than to be placed into 18°. To the fact
that after 8 weeks 13° is more favorable than 18°, with
respect to extension, we shall frequently revert later on.
3). As to 17° and 20° no striking difference can be stated between
a shorter or longer stay in that temperature, because from
17° and 20° C, they were removed to ± 18°. To be sure
20° is considerably more favorable than 17°, both after 3
weeks and by longer exposure.
It is however of more importance to observe the higher
temperatures, the effect of which is most favorable in the after
effect on the extension :
4). With respect to all temperatures from 23° to 35°, the bulbs
which already passed into a lower temperature, in our case
about J8°, after 5 weeks have stretched most. This refers to
January, afterwards those of 8 weeks' treatment come up with
them (see tab. 5). Especially exposure to 23°—35° for more
than 8 weeks becomes distinctly unfavorable, most of all to
28°- 31°- 35°.
TABLE 5. Length of the outmost leaf about June 1 in mms. as aftereffect of a treatment for:
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

1 i/v°

294

277

219

—

5°

293

280

216

—

9°

305

285

252

—

13°

315

301

273

289

17°

312

312

305

337

20°

340

354

345

342

23°

354

363

384

367

• 383

382

393

375

28°

382

390

382

359

31°

395

382

382

314

35°

396

486

447

349

25Vi°

5). The most striking tiling is the highly favorable after-effect of
the very high temperature of 35° in a treatment of 5 weeks.
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In 8 weeks we see a regular rise from JYa° to 28°, then a
fall at 31°, and a second optimum at 35°. In 5 weeks a
regular rise to 35°; 28° and 31° being equal.
Turning to Table 5 we see the effect of the 44 treatments on the
foliage (about June 1), before the tops start drying up.
The figures denote the averages from every 20 measurements.
Several remarks made with regard to table 4, also hold good
here. Most important however is the fact, that what could be
ascertained in January, is much more evident here. After a 12 weeks'
treatment 25^° gives the longest foliage in the after-effect, next there
is a fall at 28°, and 31°, but a second rise at 35°. The effect above
20° is more favorable on exposure for only 8 weeks than for 12
weeks; with respect to 23°, 25^°, 28°, 31° there is little difference,
only at 251° it is somewhat better, but at 35° an optimum occurs
much more favorable than the effect at 25^°.
After a stay of 5 weeks in 25^°, 28° and 31°, the foliage grows
about as long as in 8 weeks; (while in January (see table 4) those
which were treated for only 5 weeks were still in advance of those
treated for 8 weeks). After 5 weeks in 35° however a high optimum
is reached, still higher than after 8 weeks in 35°.
After a treatment of 5 weeks in 35° the foliage became about 10
cms. longer than in all other favorable high temperatures.
Likewise after a treatment of only 3 weeks the foliage in 31" and
35° is on an average slightly longer than in the lower temperatures.
Is there any relation between this strong extension of the leaf
after 35°, 5 and 8 weeks, and the strong suppression of the flowerclusters? (see $ 1A). Is there correlation between the two? I shall
return to this subject in the second paper. Indeed this after-effect
of 35°, which in January (see table 4) is just showing itself in the
extension, is striking and important. For as will appear later on
this extra-length of the leaf is also of value with respect to assimilation and should not only be taken as an overgrown extension.
I shall revert to this after mentioning the following data.
C. Breadths of the leaves.
In order to be able to judge of the size of the leaf, it was
desirable to know the breadth of the outmost leaf in the assimilationperiod. It was measured, where it was broadest on May 24 and
the average from 20 measurements after the 44 treatments is given
in table 6.
D2*
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TABLE 6. Breadth of the outmost leaf on May 24th in mms., after a
treatment for:
3 weeks

5 weeks

8 weeks

12 weeks

1'/.°

24.5

23.2

18.1

—

5°

23.6

22.6

17.3

—

9°

23.8

23.3

20.1

—

13°

26.7

24.7

22.1

21.9

17°

25.9

25.8

24.8

27.5

20°

26.9

27.3

28.1

29.4

23°

27.4

29.5

30.8

31.0

25'/2°

30.2

30.3

32.1

32.3

28°

29.4

29.8

30.5

31.5

31°

30.0

29 2

28.5

23.8

35°

30.1

34.4

32.7

24.3

Temp.

On comparing tables 5 and 6 we are struck by the great parallelism in the situation of the optima. Here too a favorable effect of
25^° and on the whole of 23° and higher, but a fairly higher
optimum at 35° 5 weeks, likewise in 35° 8 weeks. After 35° 5
weeks the foliage is 2—5 mms. broader on the broadest spot than
after the most favorable other treatments.
D.

Proportion of the assimilating surface.

It would be impracticable to compute the whole assimilating
surface of the shooted leaves of more than 800 plants of the 44
experiments.
Besides it could not be done accurately, for where are we to
put the boundary-line of the assimilating part, where the sheath
gradually passes into the blade and the greenness but slowly
increases? And even then for the green surfaces weshould tind figures
constituting the proportions of the assimilating surfaces of the
different experiments. For the chlorophyll granules are the only
important thing. But if we knew their total number (or whole
surface), we should know at most the ratio of the assimilative
function in the various groups.
In'my opinion we get a fairly correct view of the proportion
of the assimilating surface (June 1)after the 44 temperature-treatments,
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by multiplying the number of leaves which shoot by the product
of the length and breadth found for the outmost leaf. Though the
outmost leaf is the longest or the longest butoneortwo, and though
the breadth is measured where the leaf is broadest, we shall notbe
far wrong, if we assume the breadths and lengths of the other
leaves and the breadths in different places of 'the leaf to be about
equally proportioned in all 44 groups.
Keeping this in consideration I give in table 7 the approximate
proportion of the assimilating surface by taking the product of the
number of leaves and the lengths and breadths in cms. from tables
4, 5 and 6.
As about June 1 the leaf-lengths were measured from the surface
of the soil, which could not be avoided without digging and the
average 8 cms. below the surface (3 cms. in the bulb and 5 cms.
in the soil) does not assimilate as white sheaths in the dark, in the
calculation of table 7 the factor 'length of the leaf' does notinclude
the 8 cms, underground, which considerably diminishes the error
which may be made with respect to the ratio of the lengths of the
assimilating leaf-part. (To the average lengths from 20 specimens,
TABLE 7. Approximate proportion of the assimilating surface after a
treatment for:
Temp.

3weeks

5weeks

8weeks

12weeks

IV20

150

105

40

0

5°

133

115

32

0

9°

157

113

72

0

13°

178

127

85

74

17°

169

151

141

187

20°

197

229

230

236

23°

237

228

330

320

25V20

309

317

401

368

28°

306

363

365

366

31°

359

342

359

213

35°

360

525

436

207

the 80 mms below the surface were added to the measurements for
the total length of leaf in table 5.
In this table on the assimilating surface length, breadth and number
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of leaves has been combined, so that the optimal combination of
the optima of these three magnitudes may be read directly. By
exposure to 25i° for 8 weeks an optimum isfound about 10°/0 higher
than in the subsequent favorable treatments: 25\° for 12 weeks;
28° for 5, 8 or 12 weeks; 31° for 3, 5 or 8 weeks; 35° for 3 weeks.
But the optimum of 25^° 8 weeks is surpassed by 25 "/„ after
35° 5 weeks.
Of course this might be expected after a glance at tables 4, 5 and 6.
The green surface however is no criterion, for long foliage may
be rich in water and poor in chlorophyll and may have exhausted
the bulbs instead of feeding them by strong assimilation. Though
the vigorous dark-green foliage did make a favorable impression, the
increase in size or weight of the bulbs could only decide on these
matters. (See p. 24).
E. Proportion of length to breadth of the leaves.
Lengths and breadths of the leaves having been computed, it is
worth while considering, whether the proportion of length to breadth
is identical after the 44 different treatments or shows some dependence upon the temperature. If this proportion after exposure to so
TABLE 7*. Proportion of average length to average breadth of the leaves
after a treatment for :
3 weeks

5 weeks

8 weeks

IV» 0

12.4

11.9

12.1

5°

12.4

12.4

12.5

9°

12.8

12.2

12.5

13°

11.7

12.2

12.3

13.2

17°

12.0

12.1

12.3

12.2

20°

12.6

13.0

12.2

11.3

23°

12.9

12.4

12.4

11.8

25Vs°

12.6

12.6

12.2

11.6

28°

13.0

13.0

.12.5

11.4

31°

13.1

13.7

13.4

13.1

35°

13.1

14.1

13.6

14.3

Temp.

12 weeks

many different temperatures remained the same, measuring one of
the two would be sufficient to compute the proportion of the assimilating surfaces, e.g. the length, and instead of using the product
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of length and breadth, we could take the square of the average
length for the surface-proportion.
Table 7* gives this proportion of length to breadth after the various
treatments.
It appears that the influence of the temperature on the proportion
of length to breadth, i.e. on the shape of the leaf is not very conspicuous. The variation of the quotients namely lies between 11,3
(20° 12 weeks) and 14,3 (35° 12 weeks). A survey of the whole
however unmistakably shows that after exposure to the highest
temperatures (31° and 35°) a difference may be noticed with the
other temperatures. Whereas after exposures to1^°—28° the quotient
length: breadth remains between 11,3 and 13,0; it lies between
13,1 and 14,3 on exposure to 31° and 35° (3, 5, 8 and 12 weeks).
Consequently there is no transgression of the quotients after exposure
to l£°—28° and those after exposure to 31° and 35°.
From these figures we may conclude: Treatments with I4°to28°
cause no difference in the proportion of length and breadth of the
leaves; treatment with 31° and 35°certainly cause theaverage sh a p e
of leaf togrow a little longer than with theothertemperatures mentioned.
Therefore it is usually advisable in determining the proportion of
the assimilating-surface to keep length X breadth, especially because
in other experiments and with older or other kinds of bulbs stronger
variations might appear in the quotient.
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$ 4. INCREASE OF WEIGHT OF THE BULBS.
In order to learn the increase of weight of the bulbs, they were
weighed at the beginning of the experiments; i.e. in the first week
of July 22 and a year after likewise in the first week of July 23
after being lifted. In order to be able to judge of the loss of weight
during the treatment, i.e. from July 7 to October 2, the bulbs were
also weighed before planting. It might happen that the various
treatments in so diverging temperatures caused a very different loss
of weight, either in consequence of unequal evaporation or unequal
combustion.
At the beginning of July the bulbs chosen averaged 11 to 12
grams. The loss of weight of 40 bulbs after a stay in different
temperatures from July 7 th to October 2 nd '22 is given in the subjoined table.
14°
87 grams
20°
100 grams
5°
86
23°
87 „
9°
25±°
93
76 „
>>
13°
108
28°
87 „
)>
17°
94
31°
86 „
»*
35°
103
„
It is a striking fact that the loss of weight diverges very little in
such different temperatures, and does not show any relation to them.
From this it may be concluded that the rather great difference in
moisture-content in the high and low temperatures has caused no
great difference in loss of water, and for judging of the influence
of the temperatures we had indeed no too great variation in degree
of humidity in the thermostat. The average loss of weight per bulb
amounted to 2—2\ grams in more than 12 weeks, or nearly 20 '/,
of the weight after lifting.
This is in perfect correspondence with the determinations on the
loss of weight I gave in : 'The periodical circumferential growth of
>j

the bulbs of Hyacinths' (1923) p. 77—79.
In table 8 I give the increase of weight per bulb as a result of
the 44 different temperature-treatments. In front of the large-printed
figures, giving the increase in grams per bulb, we find in smaller
type the weight per bulb (average from 40 bulbs) at the beginning
of July 1922 below and at the top the average weight (from 20
bulbs) at the beginning of July 1923.
There is an obvious correspondence with table 7 in the principal
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features. The treatment with 25^° for 8 iveeks gives an optimum, but
5 weeks and 8 weeks in 35° give far higher optima. Clearer still
than table 7 on the surface, table 8 shows that the assimilation is
T A B L E 8. Increase of weight per bulb in grams from July 1922 — July
1923, after a treatment for:
Temp.

3 weeks

5 weeks

8 weeks

12 w e e k s

l'/ 2 °

iï:?i 6-9

15.7)
11.4)

4.3

11.2
11.6 —0.4

8.5)
11.5J — 0 . 3

5°

17.7) -• r
11.2Î 6 - 5

5.4

11.9
11.6

0.5

8.9)
11.5) —2.6

9°

\9,i\ 7.9

17.2*
11.8!
17.3)
11.8'

5.5

15.3
11.6

3.4

8.9)
11.5) - 2 . 8

13°

^110.6

20.5J
11.5)

9.0

15.8
11.0

4.8

14.9)
12.0)

17°

îi.ïllO-8

21.51 10.3
11.2)

19.1
11.3

7.8

22.9)
11.4) 11.5

20°

j*;°}ll.8

24.7)
11.3) 13.2

25.0
11.5

13.5

22.9)
11.4) 11.5

23°

?f:I}i4.3

27.21
11.3) 15.9

30.4
11.5

18.9

28.9)
11.31 17.6

25'/ 2 °

»;}}18.7

27.6)
11.3) 16.3

31.6
11.4 2 0 . 2

29.2)
11.51 17.7

28°

S5i"-4
ÎÎJIis-i

30.2)
11.6) 18.6

29.0
11.8

17.2

29.5)
11.71 17.8

29.7)
11.7) 18.0

30.8
11.7

19.1

20.9)
11.5*

40.6)
U.8) 2 8 . 8

38.2.
11.7; 2 6 . 5

31°
35°

r!i|l9.6

2.9

9.4

23.4)
11.5J 11.9

more effectual after a treatment with 35° than after 31°, for on
exposure for 3, 5, 8, 12 weeks 35° surpasses 31°. Yet a too longstay both in 35° and 31° is doubtlessly unfavorable with respect to
the increase of weight of the bulb.
It is clear that besides the exposure to 35° for 5 and 8 weeks,
we also have to test the after-effect of higher temperatures for this
period and for less than 5 weeks. For it has not yet been proved,
that with 35° 5 weeks the optimal effect for assimilation and bulbgrowth has already been attained. These experiments will be made
in the summer of 1924.
The optimum of 35° 5 weeks exceeds with abouth 40 % f n o optimum
of 25|° 8 weeks. As we shall see, the flowering is fairly optimal
with 25° 8 weeks, with 35° 5 weeks and 8 weeks it is seriously
affected and nearly suppressed. May this second higher optimum be
due to a correlation with the suppression of flower-cluster? On this
subject experiments are being made, which will be recorded in the
second paper.
It is clear that these optima may become of interest for practical
purposes, which should be divided in two phases with different
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treatment: in the first years aiming at an optimal assimilation, i.e.
circumferential growth of the bulbs; — later towards the sale of
the product at an optimal flower-formation.
Meanwhile we continue the research, for we do not know as yet
how these bulbs of 35° 5 and 8 weeks will behave in a following
year, whether the new growing-point will form a normal number
of leaves and a good flower-cluster, etc.
.350
_300
-Z50
-ZOO
.130
.100
.50

n
r50 1

OKI

___

12W.

171

\ .

15IU.
7,5
5.

ti

1

JX

Fig. 1. Increase of weight per bulb in grams (to the right) from
July 1922—July 1923 (
) and the proportion of the green leafsurface (to the left) on ± June 1 st 1923 (
) after exposure from
July 7 th 22 for 3, 5, 8 and 12 weeks to 11 temperatures. See further
discussion in § 4.
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The results of this research on proportion of leaf-surface and increase of weight has been graphically represented in Fig. I. in 4
parts, viz. after a 3, 5, 8, and 12 weeks' treatment. The solid
line gives the increase in weight. The proportion of the assimilating
surface (dotted line) goes fairly parallel. Where no more leaves
shooted, we see loss of weight (12 weeks 1^°, 5°, 9°), to compensate this loss of weight a certain small assimilating surface is needed,
which is found in the case of 8 weeks 1£° and 5°.
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$5.EFFECTOFTHETEMPERATURE-TREATMENTS
ONTHEROOTS.
But a few data were collected on this subject, the research being
originally made with the special purpose of studying the flowerformation. Yet these data are worth mentioning. Meanwhile researches
on formation, growing-period, additional root-formation are already
being made in our laboratory; in order to get any certain results
however 2 or more years of cultivation are needed.
At the end of the 44 temperature-exposures there was already a
difference in the appearing root-whorls before planting. Table 9 renders
a fairly good representation of the greater or lesser progress of the
root-whorls. This table renders the 44 treatments in the same way.
For every treatment a figure is given denoting the order of
progress; 1 are farthest in progress, 2 the farthest but one, etc.;
while at 1, 2 and 3 the roots already protrude 1—2 mms from
the bulbs; at 6 only occasional roots are visible on the root-wall;
in the other cases the root-wall projects but a little or not all, so
that no figure has been given.
TABLE 9. Successive appearance of the roots at the beginning of October
before planting; 1 are farthest in progress, etc. After a treatment for:
Temp.

3 weeks

S weeks

8 weeks

12 weeks

1V*°

6

—

—

—

5°

6

—

—

—

9°

6

—

—

—

13°

6

—

—

—

17°

5

5

5

5

20°

4

4

4

4

23°

4

4

4

4

25Vs°

2

3

3

3

28°

2

3

3

4

31°

1

2

3

6

35°

1

1

2

—

'

A treatment in 35° 3 and 5 weeks seems to be most conducive
to shooting.
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In a 12 weeks' treatment the bulbs of 35° are among the slowest
as to shooting of the roots, while in that case those of 257 2 û are
most forward.
Next we have at our disposal data concerning the lifting, which
occurred in January. Table 10 gives the average number of roots
per bulb, shooted at the beginning of January, including those roots
which are at least 5 mms. long.
T A B L E 10. Number of roots per bulb shooted in January; treatment for :
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

1'/!!°

12.5

7.0

4.2

0.8

5°

10.8

9.8

4.4

0

9°

16.4

13.5

7.9

1.3

13°

17.4

14.3

5.1

10.8

17°

15.5

18.9

17.8

15.9

20°

21.2

18.8

21.2

20.7

23°

16.9

24.4

28.8

24.8

27.4

26.7

29.4

26.0

28°

21.0

21.2

23.9

23.6

31°

21.0

17.9

23.3

18.4

35°

21.2

16.7

14.2

13.4

25V»°

With respect to the number of roots the optimum evidently lies
at 257,° 8 weeks, while in the higher temperatures, as 35° there
is no question of a second optimum, on the contrary the number
is much smaller.
If on the other hand we consider the length of the roots, the
influence of the temperatures is different. Careful digging brought
all roots fairly entire from the ground in January. It immediately
appeared, that the roots in 35° 3 and 5 weeks, were fewer in
number, but thicker than after any other treatment. We learned
from our notes that this was already observable at their first
appearance in October. For convenience' sake we measured the
longest roots in cms., which length was to represent 'the length
of the roots'.
In table 11 the average lengths attained are given in mms.
Those groups which had reached 20 — 22 cms. in January have
been printed in heavy type. We see that also in this case a treatment
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TABLE 11. Lengths of the longest roots in January, as an average from
10 bulbs, in mms., after a treatment for:
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

V/i°

94

53

25

3

5°

91

61

19

0

9°

130

79

50

12

13°

138

99

48

74

17°

114

136

117

119

20°

145

169

166

165

23°

185

199

179

192

25V,°

211

201

200

162

28°

209

222

194

182

31°

216

213

220

117

35°

213

271,

182

85

with high temperatures has a favorable after-effect on the extension
of the roots and again a strikingly high optimum occurs after a
treatment of 5 weeks in 35°.
To these data on the influence on the root-system I have to
restrict myself. It is however very desirable to make a further
research into the typical anatomical difference in number, length
and thickness and into the eventual physiological difference after
two optimal treatments as 25 1 /, 0 8 weeks and 35° 5 weeks.

§ 6. THE DIRECT EFFECT OP THE 11 TEMPERATURES
ON THE FORMATION OF THE FLOWER-CLUSTER.
We have now got to the essential part of our subject: the influence of the applied temperature-treatments on the formation of the
flower-cluster. In the description we have to distinguish the direct
effect of certain temperatures on the growing-point and flower-cluster
in formation, i.e. the process of the flower-cluster-formation during
exposure to the 11 temperatures, — and the total effect revealing
itself during the extension and shooting of the flower-cluster.
The total effect includes the direct effectand the after effect, though
the after-effect has in the main already been determined by a direct
influence occurring long before. In literature too words like Blütenanlage, Blütenbildung, Blütenentwicklung, Blütenentfaltung, are not
always sharply distinguished, sometimes even used promiscuously in
the various researches on the influence of growth-factors. We are at
least to distinguish the formation attended with intensive cell-division
{embryonic formation) of the young flowers from the growing-point
and the growing-out {extension) of the flower-parts (eventually leaves)
already formed. A word like „Blütenentwicklung" is much too
general and may refer to formation as well as unfolding.
Formation or 'Bildung' may also refer to the further shape the
flower takes in consequence of growth in length, breadth, etc.
As in the case of the leaf, we have to distinguish Preformation
{•= Anlage, embryonic formation, or embryonic growth), and Extension and with the flowers moreover Unfolding (opening, flowering).
A separate mention of the last is necessary, because the extension
and the fact whether the flower unfolds or not (Blütenentfaltung)
depend on the growth-factors in a different way. For it may happen,
'that the extension of leaves and flower-cluster progresses excellently,
but the flowers do not proceed farther than buds.
As to leaves and roots it is well-known, that embryonic formation
and extension may occur simultaneously in one organ for a long
time. Cell-division and cell-extension differ greatly in their relation
to temperature. As an organ is first preformed and only then the
extension is gradually acting a more and more important part, there
arises a rather intricate relation between the temperature and the
increase in size of an organ from its first beginning, because the
optimum is shifted in the course of weeks.
Besides we have to consider that the temperature applied, as already
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taught by the research on the leaf-growth in the preceding§§,has not
only a directly perceptible effect during its influence but also great
results in the after-effect.
Before proceeding to any further discussion, I want to communicate
the various data collected on flower-cluster-formation, -extension and
-unfolding. In order to judge of these, however, it was of importance,
just as in the case of the leaf, to put in mind the difference of the
temperature-influence on preformation and on extension, the difference
of the direct effect and the after-eflect.
A. State of the Flower-cluster.
As has already been described in § 3 the growing-point is still
in stage I at the beginning of the experiments, it is still low 220—
240 fi, and in many cases still splitting' off a leaflet; yet it has
nearly finished forming the leaf-series which is to assimilate next
spring, and which consists in our material (with this size and this
age) of an average of 4 leaflets. At this point of time, signifying
such a remarkable change with respect to the action of the growingpoint, the various temperatures interfere. The withering of the foliage,
the transport and concentration of the assimilated material to the
bulb, and besides the digging which puts the root-system out of
circuit and consequently puts a stop to all water-supply, are the
greats events, preceding this change. Whether they really are
necessary to the flower-cluster which is soon to appear, will be
decided by further experiments (second Part).
From the bulbs kept in the 11 temperatures, 10 specimens were
fixed in alcohol 96 °/„ after 3, 5, 8 and 12 weeks. Next various
observations were made. As to the flower-formation we will first of
all mention, that it was ascertained in which stage the formation
was. In the case of the Hyacinth 6 stages were distinguished before.
(See 1920, p. 19—23 and especially Plate IV) 1 wish to summarize
these stages here, because they form the base forjudging the greater
or lesser advance of the flower-cluster after various influences, and
because in that respect this division is also important for the grower,
as it enables him to judge of the condition of the bulbs e. g. in
preparing. Previously I did not proceed beyond Stage 6, in which
the tepals overlapped the flower and closed it; for a better judgment
it was now necessary to substitute a farther gradation for this
former stage 6.
Stage I.

The growing-point is still splitting off leaflets and is still
low (200—250 p).
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Stage II.

The growing-point is no more splitting off leaves and is
raised (300—400 ft), without there being any further
differentiation visible (Fig. 20, PI. IV 1920).
Stage III. The indication of' the 1st or of the 1st and 2nd flowerprimordia is visible as a faint rise. Besides the first
indication of the new growing-point is visible at the base
(Fig. 21. PL IV 1920).
Stage IV. The lower flower-priraordia have already differentiated
in the primordia of the proper flower and a slight wall
that is to form the bract, (Fig. 22. PL IV. 1920).
Stage V. The three outer tepals are distinguishable as three independent primordia. (Fig. 23. PL IV. 1920).
Stage VI. The three inner tepals are also visible as independent
bodies.
Stage VII. The three outer stamen-primordia have been split off.
Stage VIII. The three inner stamens are also visible as independent
formations. (Fig. 24. PL IV 1920).
The stages Vto V1II follow rapidly, almost within a week.
Stage IX. The three carpels have been differentiated as three
independent primordia.
'
Stage X. The three carpels are raised, and fold like leaflets their
edges inwards; the division in the 2 anther-sacs is
externally visible at the anthers.
We have not extended the distinction in stages any further, though
stage X might be further divided. In one of the figures (see Fig. at
the top) there was made a sub-division on October 2 after stage IX
(instead of stage X) according to the length of the anther which is
strongly swelling at that time.
In order to survey the progress of the flower-cluster-formation, I
have made a representation, given in fig. 2. An ordinary curve
would not have given a correct image. There are groups in which
the 10 bulbs examined were in a fairly equal condition; others in
which they greatly differed. If we take 10 bulbs varying from
stage III to IX and simply plot in a curve a mean of e.g. 6,7 this
would not give an impression according to reality. In fig. 2 the
ordinate has been divided into strips representing the stages and the
absciss into strips representing the temperatures. This causes ä
division into rectangles and the 10 bulbs of each temperature are
placed as black dots in the rectangles, in which they belong according
to the stage ascertained. At the bottom the initial condition on July
7 has been represented, when all bulbs- on being placed in the 11
Verh. Kon. Akad. v. Wetensch. (2e Sectie) Dl. XXIII.
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Fig. 2. Progress of the flower-cluster-formation on exposure to 11
temperatures from Juli 7th. Observation of the condition on July 28,
Aug. 11, Sept. 1 and Oct. 2, i. e. after 3, 5, 8 and 12'/ 2 weeks. The
condition of the growing-point and next of the flower-cluster has been
divided (see left of the fig.) into 10 stages (I—X described p. 32—33); on
Oct. 2 stage X is subdivibed into 4 parts according to the length of
the anthers. Each of the 10 bulbs examined is represented by a dot
in the square of its stage (ordinate) and temperature (abscis). Besides
the failures in 13° and 17° on Oct. 2, which are represented by o, should
be noticed. See further § 6A.
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Fig. 3. Height of the growing-point and next of the flower-cluster (in mms)
on exposure to 11 temperatures from July 7. To be compared with fig. 2.
The height of the growing-point at the beginning of the experiments on
July 7 has been represented by a straight line at the foot of the figure.
As height of the flower-cluster on Oct. 2 the average of the normal clusters
in 13° and 17° has been taken; the average length of the failing clusters
has been added in 13° and 17° as a separate dot. See further § 6B.
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temperatures are in the same condition. Next follow the conditions
after a temperature-exposure for 3, 5, 8 and 12 1 /, weeks.
In this way this figure gives us a graphical representation, but
at the same time the exact total result of the experiment on the
4 X 110 bulbs examined. The degree of variation in each group
is directly visible without there being computed an artificial mean.
So it appears, that the temperature also has an influence on the
fairly uniform progress or the strong variation of the stages within
each group of 10 bulbs. From these observations represented in
one figure much may be derived.
1. After 3 lueeks' exposure the condition in V/°, — 5 ° — 9° is
unaltered; in 13° and 17° a slow action is to be observed; in 20°
and 23° a little quicker but rather divergent; 25 1 /, 0 is the optimum
and the progress is quite uniform; 28° falls but little behind 25'/,°;
in 31° there is hardly any, in 35° no perceptible action at all.
2. After 5 weeks' exposure the condition in V/° — 5° — 9° is
still unmodified; in 13°, 17°, 20° the formation has slowly progressed, but 13° lags decidedly behind 17°, whereas 17° and 20°
do not differ very much.
23° and 25'/,° are most advanced; 28° stays a little more behind
25'/,°; in 31° and 35° there is some action perceptible, 31° is about
as far 13°, i. e. chiefly in stage II, only half of the specimens of
35° have got to stage II.
3. After 8 weeks' exposure there is some slight change in V/t°,
on which we should not set value, if it was not corroborated by
some further progress after 12 weeks; in 5° perfect rest; in 9°
likewise, except one bulb which has arrived at stage IV;
13°, 17° and 20° have advanced progressively, but show (especially 17°) a strong spreading, there are those in 17° and 20° which
make a striking progress, so that the earliest in 20° arenow farthest
advanced;
25£° is averagely farthest and most uniform;
28° appears to be clearly behind 25^°—23°—20°;
31° has still perceptibly progressed ;
35° has as good as stopped the development.
4. After 12 weeks' exposure: while in 5° the condition is still
unaltered, there appears to be a slight progress in 1|° and in 9°;
5° seems to check better than l£°; we intend a further examination
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of this fact later on, by placing the bulbs in temperatures of e.g.
—2°, -\- 1°,-f- 3° a n d - j - 5 0 ; for the present we can only surmise
that at 1 ^° the conversion of starch into transportable sugar is
somewhat larger than at 5°, as we also know with respect to other
organs, as the potato about the freezing-point.
In 13° and 17° however a remarkable phenomenon occurs. In
the beginning till 8 weeks 13° and 17° form very normal links in
a minimum-optimum-maximum curve, though after 8 weeks in 17°
the individuals differed already singularly in development. Between
8° and 12 weeks half of the individuals becomes misshapen (see
figs. 11, 12 and 13), and fails altogether later on. Not only has
this been observed in the fixations of 10 bulbs in 13° and 10 specimens in 17°, but it also appears afterwards from the number of
cluster-failures with the planted individuals.
Therefore it is not sufficient for us to say that the progress of
flower formation in 13° is simply slower than in higher temperatures.
Initially this seems to be the case in 13° and 17°, but next the
group divides into a number which maintain the building up of the
flower-cluster and progress even rapidly in 17°, especially growing
larger (see fig. 17 and table 12), and a number in which the building
up fails, leads to misshapen individuals, so that the details are no
more to be recognised (Figs. 11, 12 and 13), and later on disappear.
After stage IX a division into four parts is made according to
the length of the anthers, to demonstrate the different effects of the
temperatures. According to this the group in 20° is farthest, together with the few that succeeded in 17°. But most uniform are
those from 23° and 25^°. 28° though lagging behind 25^° has made
a good progress within the last 4 | weeks. Those in 31° and 35°on
the contrary have made no progress, they were as benumbed —
though no abnormal shapes and degeneration were to be noticed,
as in 13° and 17°.
Consequently if the temperatures are allowed to influence for 8
weeks, there is a fairly normal minimum-optimum-maximum-course.
After 1 2 | weeks the region of proper flower-formation appears to
be very limited and only temperatures from 20° to 28° come into
account.
In the above we have left the temperatures unaltered for 11k
weeks and we shall see that in that optimal temperatures of 20° to
28° it is not advisable to maintain them for more than 8 weeks
with a view to an optimal effect. This however I did not know
before the fixations were made; but botanically it remains an im-
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portant fact that we have now got an exact survey of the direct
influence of the temperatures during more than 12 weeks in which the
deformity and failure in 13° and 17° and the inhibition in 31° and
35° occur after 8 weeks.
The question might arise whether the relation between the formation-rate and the temperature might be approximately formulated as
e.g. in van 't Hoff's rule. We should want to know then how many days
the bulbs take on an average to reach a certain stage in one temperature
and how may in another. It seems however undesirable to me to
attempt by the side of a description and representation of phenomena,
attending a process so complicated and lasting so many weeks as
flower-formation, to find how far those phenomena fit in formulas,
which fact might be of importance in chemical and simple chemicphysiologic processes. We will only refer to one example, where the
reader may observe that the effect reached in 13° only after 127,
weeks, is attained by 23°—257,° after 5 weeks (see also $ 6D).
B.

Height of the flower-cluster.

The progress of the flower-cluster has also been indicated in an
other way in a table, viz. by the height of the growing-point and
afterwards of the flower-cluster in most of the temperatures, as an
average from 10 measurements.
Initially on July 7 this height amounts to 0.22 to 0.25 mms.
The table gives the height after a 3 weeks', 5 weeks', 8 and 12^
weeks' stay in the 11 temperatures.
T A B L E 12. Height growing-point and flower-cluster in mms. after 3, 5, 8 and 12Vs weeks.
Oct.2

0.33

0.25

0.40

1.50

8.0

(1.20)

(1.8)

7.10

6.10

5.60

3.97

1.05

0.40

Sept.1

0.21

0.23

0.48

0.70

2.11

2.60

2.50

2.63

1.89

0.88

0.29

Aug.11

0.22

0.25

0.23

0.41

0.78

0.79

1.17

1.18

0.86

0.47

0.26

July28

0.22

0.21

0.24

0.35

0.43

0.59

0.61

0.73

0.67

0.32

0.26

1V 2 °

5°

9°

13°

17°

20°

23°

28°

31°

35°

25Vs°

In this table the ordinates and abscissae have on purpose been
plotted as in fig. 2 for better comparison. Here a linear measure
has been expressed. As in fig. 2 we see the maximum of 25° and
23° shifted to 20° and 17° in the last weeks. That is, for 17° and
13° the average has been taken of the few normal clusters, and
below between brackets we find the average length of the failures
or backward clusters. In most respects this table corresponds with
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the representation of fig. 2. This may appear moreover by a comparison of fig. 3 and fig. 2. Without doubt the growing-point has
grown a little in l£° after 12 weeks and remained unaltered in 5°.
How much however the total effect differs from the direct effect,
may appear from the average height of the flower-cluster on Oct.
2 at the end of the experiments and at the beginning of January,
when these bulbs, after having been in 17°, 20°, 23°, 25^° and 28°
for 12 weeks, have for the rest lived in the same conditions.

Length of the

flower-cluster

For 12 weeks
treated in:
October 2

Beg inning of January

17°

8 . 0 mms.

32.0

20°

7.10

„

33.5

23°

6.10

„

35.1

25W

S.60 „

21.3

28°

3.97

26.1

„

Those which came from 17° have grown 4 times longer, those
from 23° nearly 6 times. The same phenomenon occurs as with the
growth of the leaf: at length in the after-effect the optimum is
found again in those groups which were in higher temperatures.
To these subjects I will revert later on. In this table 13°, 31° etc.
have not been mentioned, because in
these (after a 12 weeks'
treatment) all clusters finally fail.
C. Length of the Lowest Flower.
Besides the preceding measurements, the length of the flower was
measured, the lowest being taken as a standard, even though in
later months it is not the largest and most forward. The length was
measured from the insertion (later therefore the peduncle included)
to the top of the farthest-reaching tepal.
Table 13 gives the average length of the newly formed flower
after an 8 weeks' treatment and a 12 weeks' treatment. For 17°
12 weeks only specimens were chosen belonging to the group of
normally rapidly progressing ones, not the failures or backward
ones. For comparison a column is added with the flower-length in
January, i.e. as after-effect of' a 12 weeks' treatment.
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T A B L E 13. Length of the lowest flower in mms. after a treatment of:

Temp.

8 weeks on
Sept. 1

12 weeks on
Oct. 2

In January as after-effect of
a 12 weeks' treatment.

17°

1.27

5.33

8.2

20°

1.17

3.21

9.5

23°

1.14

2.59

8.9

25°

1.28

2.39

6.5

28°

0.87

1.71

8.0

So we see the same thing happening with respect to the flowerlength as was found for the whole flower-cluster. In 17°—28° during
the 9 th till 12 th week (September) the organs attain the greater
length according as they are kept cooler, but already in 17° they
perished in great numbers. If however we watch the after-effect
in January, the flowers from the higher temperatures appear to have
considerably worked up arrears and those of 17° so far advanced
on Oct. 2, are by no means conspicuously long.
D. Discussion of Plate loith figures 4—20.
Of the state of the growing-point, eventually flower-cluster, after an
exposure of 127, weeks to the eleven temperatures, illustrations have
been made to show the effect of these experiments more naturally.
For illustration those specimens from each temperature were chosen
which represent the average picture or the condition of the greater
number; sometimes instances of more advanced (17»° and 9°) or
failing specimens (13° and 17°) were added. All objects have been
equally magnified (24 X), so that the effect of the temperatures for
127, weeks is directly comparable.
In these figures 4—20 the following abbreviations have been
used: VP. vegetation-point; N V P : new vegetation-point; N Ph I:
1 s t leaflet of the new pAyllome-series; L: leaflet; L* rudimentary
leaflet, St: stage (see $ 6A); PR: primordium (in these'figures
always flower-primordium); BR. bract; Ti and TJJ tepals of the
outer and inner whorl ; * failing cluster.
Fig. 4. The last-formed leaflet has been lifted from the growing-point.
Fig. 5. The most advanced in V/,°.
Fig. 6. The last-formed leaflet put aside; the growing-point is
somewhat raised (stage II).
Fig. 7. The last leaf removed; growing-point in stage I, uniform
condition of all specimens in 5°.
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Fig. 8. The greater number in stage I;a leaflet (L)nearly finished.
Fig. 9. Instance of most advanced specimens in 9°. The bract is
differentiating from the flower-primordium.
The condition in l l /i° a n d 9° shows great correspondence, compared with the uniform state of inhibition in 5°. Morphologically
we notice both in fig. 9 (9°) and fig. 5 (l l /i°) a slight deviation of
the normal rapid flower-cluster-formation, viz. that the new growingpoint is rather big with regard to the flower-primordium; especially
in fig. 5 where the first flower-primordium is almost abreast of the
new growing-point, whereas with normal cluster-formation it lies
over it a little on one side in its first formation.
Fig. 10. Average condition of the non-failures in i 3°. While the
lower part of the flower-cluster with the new growing-point and
the lowest flower shows a normal condition, the picture of the
formation of the other part of the flower-cluster deviates morphologically somewhat from what is observed with normal rapid
cluster-formation in higher temperature. Here in 13° 12 1 /, weeks
the stage is reached, which in 23°—25 1 /, 6 is attained in upwards
of 5 weeks (See § 6 A).
Figs. 11 and 12. Two examples of flower-clusters which have
failed during the last 4 weeks in 13°. We see how the growingpoint and the first leaflet (especially fig. 11) have been able to
develop much more vigorously in consequence of that failure. At
the already deformed shapes it is impossible toaccurately distinguish
the details of cluster and flowers morphologically. For instance in
fig. 12 the lowest flower of which the bract (BR) is still normal,
is misshapen to such a degree, that in the cup-shaped centre there
is a primordium dividing into two, surrounded by an irregular
three-sided wall, consisting of 3 main angles with in the middle of
the sides 3 other angles, the highest of which is of a more rounded
shape like a primordium. This wall might beregarded as the faillure
of the 3 outer and the 3 inner tepals (compare the lowest flower
of fig. 10). It may however be, that almost the whole wall represents
the 3 outer tepals with its three main angles and that the 3 inner
tepals are visible as a large double primordium in the centre and
a small one on the top of the wall. These failing clusters in 13°
and 17° should not be regarded as due to shrivelling on Oct. 2,
they are deformities. Externally the hue is indeed a little glassy.
Of these specimens microtome-sections have been made, which
however did not yield further particulars but that the clusters
consisted of a thin, easily-torn, degenerating tissue.
Fig. 13. One of the failing clusters from 17°; it has grown-out
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a little more than those of 13°, though for the rest the same observations hold good.
Fig. 14. One of the succeeding clusters from 17°, in which the
greatest average length is attained on Oct. 2 (which however is
not maintained in the after-effect, January, April. See $ 6B).
Pigs. 14, 15, 16, 17, 18. All of them vigorous clusters, decreasing
in length on Oct. 2 from 17° to 28°, while later on the smaller
ones work up arrears. The sharper more angular circumferences in
17°, 20° strike the eye, a projection of the whole approaching a
parallelogram, — in the higher temperatures the shapes are more
rounded. In my opinion this cannot be due to a greater pressure
in consequence of increasing size of the object, the difference in
length between 20° and 25 l /,° being too small for this.
Fig. 19. Average condition in 31°, which condition was already
the same after 8 weeks, the average having progressed no more
during the last 4 1 /, weeks.
Fig. 20. Condition of the greater number in 35°.

$ 7. THE TOTAL EFFECT OF THE 11 TEMPERATURES DURING
3, 5, 8 OR 12 WEEKS ON THE FLOWER-CLUSTERS.
Save that for comparison with the condition on Oct. 2 I occasionally added the effect in January, I have restricted myself hitherto
to a description of the direct effect of the various temperatures on
the growing-point and the flower-cluster, in which those temperatures
were continued constantly till 12$ weeks.
I shall now describe the consequences for the flower-cluster, when
the bulbs besides 12i weeks, are placed in those temperatures for
only 8, 5 or 3 weeks and are then kept in 18° till planting-time.
Those results of 44 treatments were observed on the lifted bulbs in
January and on the clusters just opening about April 1.
I shall start with the most important result. We saw in fig. 2
that after 8 weeks the flower-clusters are more or less far advanced;
in very low and very high temperatures they have not been formed
at all with all or with many bulbs. But distinct failures or degenerations we do not meet as yet. After \1\ weeks only in 13° and
17° about half the clusters are to be regarded as failures, for the
rest the clusters or growing-points are but more or less advanced,
in the different temperatures.
A. Succeeding flower-clusters.
Now the first question is: how many clusters finally succeed after
those 44 treatments ? As early as January it isalready clearly evident
whether the cluster will flower or becomes a failure. Moreover it
could be ascertained from the lifted bulbs in January, how many
times a cluster bad been formed, but proved a failure (usually shrivelled
and dried up) and how many times the cluster had not been formed
at all, so that the same growing-point was kept.
The number of succeeded clusters in January and April is put
together, so that each experiment includes 30 bulbs.
In table 141 give the number of succeeded clusters as a result
of 44 treatments.
(It should be kept in mind that after 12£ weeks all bulbs were
placed in about 10° C or lower on planting, and that those of 3,
5 and 8 weeks' treatment were kept in about 18° C until plantingtime).
From this table which is of particular importance with respect
to the practical application of the temperature with a view to
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TABLE 14. Number of succeeded clusters in 30 bulbs after atreatment for:
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

1V»°

0

0

0

0

5°

5

0

0

0

9°

4

3-

0

0

13°

15

6

1

0

17°

18

15

12

10

20°

25

23

24

21

23°

21

27

28

21

25V»°

27

29

30

20

28°

26

29

27

11

31°

26

24

27

0

35°

22

16

3

0

cultivation, the following may be derived. Again 1 want to point
out that small, young bulbs were used, only just capable of flowering
and as a rule yielding but 4 to 9 flowers (see $7B). If I had taken
larger and older bulbs, the effect would probably have yielded a less
striking contrast: perhaps rather a greater or smaller number of
succeeding flowers than the total success or failure of the whole
flower-cluster. Meanwhile it is much to be preferred toascertain the
effect of the temperature on objects for which the temperature
treatment requires great precision.
1. It is a striking fact, that even after a stay of only 3 weeks
in \\°, next in 18°, not a single flower-cluster succeeds, though the
clusters as we shall see later on, are nearly always preformed in
18°. The unfavorable effect from the cold and cooler temperatures
is evident from the table.
2. It requires great precision to make all clusters succeed : as an
optimum for this we find 5 weeks in 25^° and 28°, 8 weeks in
254° and 23°. 5 to 8 weeks in 23° to 28° causes a favorable effect
as to the success of the flower-cluster; while 25^° weeks (perhaps
accidentally) attains exactly the entire number of 30. May be it is
safer to expose somewhat shorter than 8 weeks, since 5 weeks is
quite satisfactory, 12 weeks decidedly hurtful.
3. The following is important for cultural purposes: in all favorable temperatures, the maintenance of a same high degree after
8 weeks has a fatal influence. In the optimal temperatures (23°—28°)
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I or more of the flower-clusters of these young bulbs perish, though
on planting nothing abnormal is visible at the clusters. To make
sure of a satisfactory result, the flower-clusters after at most 8 weeks
in 25i°, need a cooler temperature, for which in our case about 18°
was chosen.
Meanwhile experiments have been made to investigate whether
the transition from the optimal temperature of 25±° is best made
after 6, 7, 8 or 9 weeks. Besides a series of experiments are made,
to decide whether after a stay in 23°, 25i° and 28°, as a cooler
temperature 17°, 13°, 9° or 5° is to be preferred. The results of
these and other researches serving to approximate the optimal treatment more and more, will be published in the second part of this
paper, if possible still in 1924.
B. Failures or non-formed clusters.
The fact that on account of the treatment, no flower-cluster shoots
in spring, maj7 be due either to the fact that no cluster was formed
or that the vegetation-point formed a cluster that perished afterwards.
The latter usually happens.
Comparison of fig. 2 and tables 14 and 15 shows, that in many
cases, in which the temperature-treatment worked inhibitorily,
a subsequent stay in about 18° caused flower-cluster-formation after
all. From 10 bulbs in l i ° , 5°, 9° there respectively were 7, 10
T A B L E 15. Number of growing-points having not formed any flower at
all, observed in January per 10 bulbs, after a treatment for:
Temp.

5 weeks

8 weeks

2

—

—

9

5°

—

—

1

10

9°

—

—

1

1

13°

—

—

1

1

17°

—

—

1

—

20°

—

—

—

23°

—

-

—

—

251/2°

—

—

—

—

28°

1

—

—

—

31°

1

2

1

1

35°

2

2

2

9

l'/2°

3 weeks

12 weeks

.1
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and 9 still in stage I after 8 weeks, but after a further stay in
about 18° for 4 weeks, resp. in 10, 9 and 9 bulbs the formation
of a cluster was found, but failed in every instance.
In table 15 the number of clusters is given, which have not
formed any flower-cluster at all, in which therefore the same vegetation-point is retained, observed on 10 bulbs in January. Then the
condition of the growing-point is exactly the same as with the bulbs
which are a year younger, as described in: 'The periodical circumferential growth of the bulb of Hyacinths' (1923) p. 16. Besides the
4 leaflets which might assimilate in April (if they shoot !)some new
leaflets have been formed by the growing-point, belonging however
to the new leaf-series which is to assimilate next April.
The non-formation of a flower-cluster, i.e. the retention of the old
growing-point occurs only there where the growing-point was inhibited for more than 12 weeks either by very low (1^° and 5°) or
by very high temperature (35°). In these cases no cluster is formed
after planting in Oct. On a shorter stay in 35° and in some degree
in 31° the same phenomenon may occur. A single occurrence per
10 cases must not be attached too great a value to; in 23° and
25|° however it does not occur at all.
Already in connection with table 1 I have discussed the fact,
that by no temperature-treatment the series of leaflets which have
been formed in the beginning of July, is continued in that sense,
that in spring more leaflets shoot and assimilate than were already
formed at the beginning of July. If the growing-point does not pass
on to flower-cluster-formation, this is only due to inhibition in
consequence of cold or high temperature, and then eventual new leaflets
are formed at a very slow rate, which belong to the new leaf-series
which is to assimilate a year later. If the temperature but just
allows of it, the growing-point will form a cluster; but it frequently
perishes, for the general success of a flower-cluster in these young
little bulbs requires a temperature between narrow limits, as has
been demonstrated in connection with table 14.
We wish to revert for an instance to table 1, where in 9° 12
weeks and 35° 8 weeks the two highest figures were found with
respect to the number of young leaflets. After the above discussions
it will be clearer how these high figures (especially 47 in the case
of 9° 12 weeks) may be explained : there were specimens among
them, which on account of too low or too high a temperature did
not form a cluster and in which the growing-point slowly continued
forming a new leaf-series. On counting the number of leaflets, the
amount for 9° 12 weeks turned out highest, because it is impossible
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to distinguish whether a fifth leaflet belongs to the series just
finished, or whether it is the first of a new series. That does not
appear before months have passed, when there is a clearer contrast
between the last foliage-leaf in extension and the first smaller sheathleaflet of the new series.
C. Lengths of the flower-cluster and of the flower, measured in
January.
On giving the lenghts of cluster and lowest flower on Oct. 2,i.e.
as directly perceptible result of 11 temperatures, I pointed out,
that with these bulbs, which were treated for 12 weeks, in the
after-effect already in January the result greatly differs from October,
because the higher temperatures entirely or partly catch up the
lower (20° and especially 17°).
Besides 1 want to show in connection with the observations
made in January, just as in de case of the leaf, that also with
flower-cluster- and flower-length, a treatment shorter than 12 weeks
with the same higher temperatures is much more favorable.
In order to get an idea of the length of the flower-cluster and
the size of the flower it is preferable to compare the clusters already
before the flowering. If we want to make this out during the
flowering it is difficult to decide what moment we are to choose.
The opening indeed is a time of rapid extension, especially for the
individual flowers, which during opening and flowering rapidly
increase their lengths and are moreover hard to measure on account
of the curling up of the tepals.
In these experiments I have taken measures in January 1923.
But it was a very mild winter. In order to judge of the future
flower-length, eventually flower-cluster-length and leaf-length, we had
usually better wait till the beginning of March.
In measuring the cluster-length, the distance was taken to the
top of the terminal flower. If the length of the cluster-axis is required,
these figures should be diminished with l 1 /, mms. less than the
amount of the length of the lowest flower from table 17. Concerning
the fundamental points, we may derive from it, the table is altered
little or not at all. (See figs. 21—27).
The greatest length have those clusters which were treated in 257 2 °
and 28° for 5 weeks, while those which have been exposed to
25 1 /, 0 and 28° for 3 weeks also are rather early. It is worth while
mentioning here, that on March 7 with the plants showing above
ground, and at the end of March when opening those of 257,° 5
weeks and 28° 5 weeks remained the very earliest, (see below). This
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T A B L E 16. Length of the flower-cluster in mms. at the beginning of
January 1923 after a treatment for :
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

—

—

26.5

24.8

24.7

32 (2 ex.)

20°

35.0

33.5

32.7

33.5

23°

33.0

45.5

45.5

35.1

2sy,°

47.5

51.8

44.1

21.3

28°

49.8

51.3

46.4

26.1

31°

44.5

45.6

38.3

35°

42.7

38.6

—

-

13°

27.4 (5 ex.)

17°

—

may serve as a proof that the after-effect and future behaviour
may be judged of a few weeks before the flowering.
A striking difference with the leaf-length in January however is,
that here there is no question of a second high optimum in a short
treatment with 35°. In this respect stalk and leaf evidently behave
differently.
In order to draw a comparison I shall revert to these subjects
in $ 9.
To ascertain the flower-length the lowest flower was chosen:
This is, especially in the long run, as a rule not the longest, the
farthest and the earliest-flowering. This usually is the 2 nd , 3 r d or
4 th flower from the base. Yet as a fixed standard for mutual comparison
we had better always choose the lowest, because with respect to
that comparison it is of little consequence whether this flower is
on the average a little shorter and opens a little later than those
placed somewhat higher.
The flower-length, measured along with the very short peduncle,
shows about the same dependence upon the temperature-treatments
as the cluster-length. The high temperature of 31° has a more favorable effect here than on the whole cluster-length. With a view to
attaining the greatest lengths a treatment in 25^° and in 28° for
only 3 weeks is slightly more favorable than 5 weeks; with a view
to the cluster-length on the contrary 5 weeks is better than 3 weeks.
This is the chief difference, but the quantitative differences are very
slight after all ; there is a chance that after January the proportions
of the after-effect will be slightly modified before the flowering.

A. H . B L A A U W :

" T H E RESULTS OF THE TEMPERATURE DURING FLOWER-

F O R M A T I O N FOR THE WHOLE HYACINTH".

EFFECT IN
JAN.I9Z3
zx.

21
8W.25/z0+4/2W.±l80

I2/2W.25/z°.

Fig. 21—27. These figures demonstrate the different effects, stated in January
of a treatment with 25''20 for 8 weeks and next 4Vaweeks in a lower temperature
(about 17°) — in comparison with 25V20 kept up till planting-time. The unfavorable influence of the heat in the weeks before planting is evident.
Figs. 21 and 22 give an average picture from quite uniform material.
Figs. 23 and 24 show the best specimens after the treatments 12Vä weeks
25V20, Fig. 25 is among the smaller which are likely to succeed, figs. 26 and
27 show a failing cluster and an early failure. The average length of the
succeeding clusters in the two cases lies respectively between figs. 21 and
22 and between figs. 24 and 25 (See tab. 16).

*.W*

Fig. 27*. Four of the 44 groups of the experiment-plants on March 29 1923
after a treatment in summer 1922 with 25Vä°C during 12V», 8, 5 and 3 weeks.
Verhand. Kon. Akad. v. Wetensch. (2e Sectie) Dl. XXIII.
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T A B L E 17. Length of the lowest flower in mms. in January 1923 after
a treatment for:
Temp.

3 weeks

5 weeks

8 weeks

12 weeks

13°

7.9

—

-

—

17 c

7.4

7.6

7.3

8.2

20°

8.5

9.3

9.3

9.5

23°

9.2

10.8

10.S

8.9

25Vs°

11.6

11.1

10.3

6.5

28°

11.8

11.3

10.7

'8.0

31°

11.0

11.2

10.1

—

35°

9.7

—

—

—

D. Order of succession in which the clusters open after the different treatments.
A summary of the order of succession in which the clusters open,
will be communicated here. From this it may be in some way
derived what temperature-treatments must be regarded as 'celerrimum'
for the flowering.
'In some way', for the ordinary subsequent treatment after Oct.
2 till April with the strong inhibition due to winter-cold removes
a great number of the differences in rate of development, which
may be effected by different treatment during the flower-formation.
The winter of 1922/1923 chanced to be very mild, save a brief
severe frost at the end ofOctober. But in normal winters the forward
experiments are greatly inhibited or even injured, and the great
differences, which are to be ascertained as effect of the' treatment,
are for a great part levelled. This is the reason why, when a hyacinths-plot with various experiments once gets to flowering after a
long winter, the flowering in the various groups follows in rapid
succession. The celerrimum of flowering or of leaf-extension and
assimilation as a result of various treatments, should be ascertained
in suitable, higher, controlled temperatures in hothouses, while in
the fields the effect is for a great part levelled and made dependent
on the caprices of our winter-season (Oct.—April).
In the description of our further investigations we shall give a
detailed discussion of this subject and this way of experimenting.
For the sake .of completeness I shall now give the following
table 18 on the opening of the flowery.
Verh. Kon. Akad. v. Wetensch. (2e Sectie) Dl XXIII.
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T A B L E 18. Order of succession in which the earliest clusters open as
observed on March 30th 1923,after a treatment for:
Temp.

3 weeks

20°

6

6

6

6

4

5

2

1

3

28°

2

1

3

31°

2

3

5

35°

3

—

—

23°
25Vs

0

5 weeks

8 weeks

12 weeks

\ refers to : first opened ; 1 and 2: all flowers open ; 3: nearly
all open; 4 : about half their number open; 5: about '/< of the
flowers open ; 6: a few clusters opening. (See Plate with fig. 27*).
It should be mentioned that the experimental groups of 20 bulbs
each were uncommonly uniform by themselves both as to opening
and to habit; that the differences of 1, 2, 3 are but slight and in
sunny weather they rapidly succeed in a few days; andfinally that
while the condition of these earliest clusters was recorded in the
table on March 30 th 1923 (on account of the mild winter quite
early for Queen of the Blues), on April 17 even the very latest
clusters of the lower temperatures and of the long treatment with
high temperatures were in full flower.
E. Number of flowers per cluster.
Finally we have to consider how many flowers are formed on
each cluster in the various treatments. In fact this might be
discussed at the conclusion of § 6 on thedirect effect, forthenumber
of flowers has been fixed already on October 2 or a long time
before as far as the succeeding flower-clusters are concerned. For
different reasons however it is more convenient to discuss this
number at the conclusion. In order to determine thenumber counts
have been made on material of different periods. For this purpose
clusters have been taken, bearing normally shaped flowers up to
the top; failing clusters or those which terminated in rudimentary
flowers were not used in the counts. With the succeeding clusters
in more favorable temperatures (esp. 20°—28°) thenumber of flowers
is already fixed on Sept. 1, after 8 weeks, so that in those cases
the counts on bulbs, treated 8 weeks and 12 1 /, weeks may be
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added up to compute the average, seeing that the period from the
9 th to 12 th week, whether cooler or hotter, can have no influence
on the number of flowers.
TABLE 19. Number of flowers formed on 10 cluster after a treatment for:
Temp.

3weeks
n

M

5weeks
m

n

M

8weeks

m

n

M

12weeks

m

n

M

13°

11 59.1 ± 3.0

17°

17 59.4 ± 2.1

15 53.3

2.5

29 60.7

2.3

idem

20°

24 57.5 ± 2.2

23 58.3

2.8

63 55.7

1.4'

idem

23°

20 61.0 ± 3.6

26 56.9

3.9

68 60.0

1.8

idem

25V8

27 52.6 ± 2.6

27 56.7

3.1

70 55.7

1.8

idem

28°

25 50.0 ± 2.4

30 50.4

3.0

59 56.8

2.5

idem

31°

25 48.8 ± 1.5

24 29.6

1.7

27 31.5

2.8

idem

35°

22 60.0 ± 2.0

14 51.4

2.6

m

For the counts the number of flowers found on the material of
the January-lifting after 8 and 12 weeks treatment could often be added
to the number of flowers observed on the clustersinApril.This frequently
increased the number considerably and diminished the mean error.
Number (n) and mean error (m) have been given in the table, while
the average number of flowers (M) has been given per 10 clusters.
The result is somewhat peculiar, compared with the strong
temperature-dependence of the other magnitudes already discussed.
The average number of flowers per cluster — with respect to the
clusters which are succeeding — depends very little onthe temperature,
at least with the little clusters of our young material.
The average lies between about 5 or 6 flowers per cluster, except
in 31°, when as well in 3, 5 as in 8 weeks' treatment the average
number of flowers is distinctly smaller, after 5 and 8 weeks'
treatment about 3 flowers per cluster. The more striking it is, that
after a 3 and 5 weeks' treatment in 35° (as far as the clusters are
succeeding) a normal number of flowers is found. Seeing the slight
mean errors, this can hardly be accidental, so that after an obvious
decrease in number of flowers toioards 31°, a new increase is stated
after a treatment in 35° for 3 and 5 weeks.
To give an idea of the number and variation in number of
flowers, produced by young bulbs of this size and age, I mention
the following.
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If we take together all normal clusters, omitting those, which
were exposed to 31° for 5 and 8 weeks and averagely had much
less flowers per cluster than in all other treatments, we obtain the
following figures as given in table 20. For comparison the variation
in number of flowers after 5 and 8 weeks in 31° is added at the
foot (the two taken together, because the average number in both
cases amounts to about 3 flowers per cluster).
TABLE 20. Variation of the number of flowers in the material chosen, Queen of the
Blues, circumference 75—90 mms at the end of the second year, flowering in April
of the 3rd year.
1

2

3

Number of clusters with
number of flowers abovementioned.

0

1

22

112 167 159

Idem after 5 and 8 weeks'
exposure to 31°

2

17

15

13

Number- of flowers :

4

5

3

6

0

7

8

9

10

11

12

80

45

12

6

0

2

0

1

0

0

0

0

94 "/o of the 606 specimens bears clusters of 4, 5, 6, 7or 8 flowers.
The 2 clusters with 12 flowers occur after 3 weeks and after 5
weeks in 23°; the 6 clusters with 10 flowers 1 X after 5 weeks
in 23°, 2 X after 8 weeks in 23°, 1 X after 8 weeks in 25h° and
2 X after 8 weeks in 28°. If the fairly high averages in 23° are
taken into account (table 19), it appears that a treatment with 23°
with respect to the number of flowers per cluster should be reckoned
among the most favorable temperatures in every case.
On the number of flowers per cluster after different preparatory
treatment and on older bulbs, further data will be given later on.
Only then it may appear, whether they correspond with what the
material of these young bulbs, just capable of flowering, yielded.

§ 8. THE APEX OF THE FLOWER-CLUSTER-AXIS.
In connection with what was mentioned in the preceding $about
the number of flowers formed in the various temperatures and about
the condition of the terminal flowers on Sept. 1 and Oct. 2, I will
not omit discussing some data on the apex of the axis. Observations
were made on the specimens of the January-lifting; by that time
the failures can no more be confounded with the succeeding flowers
and yet they are not shrivelled up to that degree as they usually
are at the flowering clusters in April.
A study of the apex is on the one hand of' morphological consequence; on the other hand it is a question of practical importance,
whether in definite treatments the axis sooner ceases forming flowers
or continues extra long before the growing-point stops splitting off
flowers and ends blindly.
This § will not yet yield anything particular on this subject and
it should be specially borne in mind, that illustrations and descriptions refer to young bulbs flowering for the first time and bearing
but poor clusters of usually 4—8 flowers: On account of this the
apex of the growing-point is botanically the better to be studied,
but the picture of the apex deviates very much from theone, in richer
floioer-clusters, which are only of practical value. But it seemed
right to me to communicate the experience with the smallest flowerclusters and treat them first for this purpose. The subject may
be chiefly discussed in connection with figs. 28—42.
First of all the. following should be observed; as follows from
the previous $ on number of flowers, number of flower-clusters and
number of failures, there arise in too low temperatures (17° and
lower) and in too high temperatures (31° and 35° ) besides complete
failures also flower-clusters, which though shooting in April, show
certain deviations. Those deviations chiefly consist in an abnormal
decrease in size of flowers towards the apex, etc. All instances of
deviations collected in April, have been preserved, and will not be
discussed in the first part. We prefer to await what deviations the
two following years will produce and then arrange them and discuss them together, if these teratological phenomena are of any
consequence.
The apex however shows very different shapes even with the best
treatment. But it stands to reason, that after unfavorable tempera-
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tures those deviations which are found on the clusters in April, may
often be easily distinguished on the apex in January. Jn this paper
some illustrations will be found, certainly due to more deviating
temperatures, as will be mentioned later on. In those cases this
subject approaches the discussion of the teratological forms.
AW figures 28—42 give the condition in January twice magnified.
Fig. 28 shows the normal condition, found in by far the most cases.
In most drawings the highest flower but one (6) has been removed,
the bract (7) has been retained, the highest successful flower (1)
has nearly always been drawn with the bract (2).
Mind how different this bract (2) may be in the various instances:
in fig. 30 it reaches to half the flower-length, in figs 29, 31, 39 it
bears a spur, in 33 a hook turned down, perhaps the same as
the spur.
The flower-cluster-axis has been marked 5, the short peduncle (3)
is ahvays clearly differentiated from the stalk.
In most cases (fig. 28) the flower-cluster-axis ends in a uniform
rim, sometimes forming a slightly rounded elevation, bearing on
one side the bract of the highest flower. The peduncle of this highest
flower is inserted perfectly central in a small depression inside the
terminal rim of the flower-cluster-axis. The spot (4) of that rim
about opposite to the bract (2), does not show the least rise; from
left to right of the bract the rim is perfectly uniform and rounded
towards the inside. This was observed in 112 out of the 160 cases.
In all other cases (48 of the 160 specimens) there was found on
the spot 4 a more or less long appendage, which we shall describe
now and which in the successive figures is arranged according to
its size or differentiation.
In fig. 29 (23° 12 weeks) we find a very smtdl elevation (8) on
the spot (4) of fig. 28;
In fig. 30 (31° 8 weeks) as a small upright knob at the apex;
in fig. 31 (20° 12 weeks) a protuberance directed sideways at the
apex;
in fig. 32 (23° 8 weeks) a longer lengthening of the axis, first
directed downwards, next turned upwards; the latter part reminds
us of a rudimentary bract;
in tig. 33 (13° 3 weeks) the appendage (apex) 8 shows a slight
differentiation as a little swelling (9,rudimentary flower-primordium?)
and 10 (rudimentary bract or apex?);
from fig. 34 longer lengthenings of the axis are represented ;
fig. 34 (23° 12 weeks) shows an instance of pure lengthening of
the axis (8), round without any differentiation, 4 to 5 mms. long.
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in fig. 35, (25 1 /, 0 5 weeks) a total lengthening of the axis (8) of
10 mms., but differentiated ; from the spot 9, where in 33, 36, 37,
38 a swelling is found, the second part (10) is somewhat curved,
slightly leaf-like, probably comparable with a bract, so that the
axis ends at 9 though a protruding vegetation-point isno more visible.
in tig. 36a (23° 8 weeks), in 3Gb nearly 90° turned, it is clearly
visible at 9 that the lengthening of the axis (8) bears a vegetationpoint or rudimentary fiower-primordium and a bract-like curved
apex (10).
figs. 37 a and b (25 l /,° 5 weeks) show something similar: the
lengthening of the axis (8) shows a doubtful vegetation-point (9),
but the rest (10) is bract-like with a peculiar turned-down apex;
fig. 38 (9° 5 weeks) shows the same case, when however the
vegetation-point, apex or rudimentary fiower-primordium (9) is
certainly present and the bract (10) is also abruptly turned down,
but shorter than in fig. 37.
These smaller apexes (28—33) or larger lengthenings of the axis
(34—38) which together occurred in 48 of the 160 specimens,appearafter all kinds of temperature-treatments bothfavorable and unfavorable and did not show, at least not in these experiments any definite
relation to the temperature. On comparing the number of flowers
occurring on clusters with lengthenings of the axis and on clusters
without them (fig. 28), there appeared to be no obvious relation
between the number of flowers formed and theoccurrence of the axial
lengthenings. This means that these lengthenings do not go together
with abnormally few or an extra great number of flowers ; the
average number of flowers of these 48 specimens amounted to 54
flowers per 10 clusters, which number fairly corresponds with the
average given in table 19.
After these different instances of axial rests, more or less grown
out, a few illustrations follow of cluster-apexes, which apparently
have~to be considered as deviations in consequence of treatment.
Figs. 39 a and b (17° 5 weeks), the axis bears a normal terminal
flower (1) with spurred bract (2), butis moreover continued as axial
lengthening (8), carries a small flower (11) with bract turned down
(12), — but extends a little further to bear another greater failure
(13) with its bract (14). I take flower (13) as being placed higher
than the bigger flower (11), the bract (14) being inserted distinctly
higher, the axis (8) being still continued in 8'.
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Figs. 40 a and b (17° 8 weeks); example of 2 flowers at about
the same height at the end of the axis; on removal of the 2 flowers
however (b), one (1 with bract 2) is evidently the higher, the other
(6 with 7) the lower of the two, while at 8 the apex is visible
between them.
Fig. 41 (35° 3 weeks); instance of 3 flowers gathered at the top
(of which one is removed); where 1 (bract 2) is the highest, while
it is doubtful whether at the inside of the rimlike apex a rest of
the growing-point (8) may be distinguished.
Fig. 42 (35° 5 weeks) is a good continuation of the case of fig. 41.
Here too the 3 highest flowers are crowded together; the highest
of the three (1) has been removed; it has a short rimlike bract (2).
But the axis is continued as a narrow straight piece (8). ends in a
circular uniform elevation (15) and carries in the centre a floret
(17), which will fail; it is about radial-symmetric in shape and has
a peduncle (16) but no bract.
The termination of the cluster in one or more half-failures, which
may or may not unfold (fig. 39) is a deviation, occurring the less
according as the temperature-treatment has been more favorable and
correct; here there is indeed dependence on the temperature, in such
a way that this result is advanced by too low or too high a
temperature, or too long a continuation of an initially favorable
temperature. The crowded position of e. g. 3 flowers at the apex,
(or may be lower) is rather frequent in a treatment with 35°.
If we consider the above from a morphological standpoint, the
quotation of some lines of Velonovshj's isquite applicable :pag. 792:
'Die Traube kann auch allmählich ihre Blüten bisauf 1—3 verliereil,
so dass der Stiel der Traube dann mit einer scheinbar terminalen
einzigen Blüte abschliesst' (V. mentions the genus Vicia). Velenoivsky
rightly speaks of 'scheinbar terminal' for though in our material the
case of fig. 28 is the commonest phenomenon, yet the flower bears
a bract sideways inserted on the axis,- and by all kinds of transitions
it is connected with cases, in which the axis is more or less continued
and the flower last-developed is obviously formed sideways.
The case illustrated in fig. 42 is very uncommon; here the small
flower (17), an occurrence in one out of 160 cases, should be
regarded as really terminal, as standing perfectly central on the apex
it does not possess a bract. This however may be considered a very
rare exception, not so much a fundamental difference.
l

) Jos. VELENOWSKY, Vergleich. Morphol. d. Pflanzen III. Teil 1910.
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On pag. 795 Velenovsky says: 'Gewöhnlich geschieht es dass die
Traube an ihrem Ende verkümmerte, unentwickelte letzte Blüten
trägt (comp. fig. 39) und dass der Scheitel der Traubenachse selbst
verkümmert' (In this respect he makes special mention of Cruciferae
and Papilionaceae). This is repeatedly corrobarated in the Hyacinthsmaterial and in the illustrations given here.
Page 795 continues: 'Interessantes Beispiel bietet uns auch
Convallaria majalis, wo die Blüten-traube durch eine sterile 5-8 mm.

lange Spitze endigt, (see figs. 34-38), 'die aber seitwärts gedrückt
wird, während die nächste Blüte scheinbar terminale Stellung einnimmt.
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Celakowsky sagt richtig, dass die Traube durch die fort-sehreitende
Entwicklung von der Basis an ihre Kräfte gleichsam erschöpft und
deshalb am Gipfel dann verkümmert.'
Velenov.iky'sdescription of Convallaria majalis is perfectly applicable
to many cases of poor hyacinth-clusters.
The crowded flowers on rich clusters often make the condition
more intricate and totally different cases occur, which we cannot
yet discuss here.

$ 9. CONCLUSION AND APPLICATION.
Though the figures given in the tables in the different $$ speak
for themselves, it is necessary to pause for a moment in order to
find the mutual connection, to point out the correspondence and
difference in the optima found for the various organs and measures.
For here the great difficulty of the question lies, whether it is
possible to arrive at an optimal combination of the optima:
We intend to give a short summary in the first part and for the
rest await the results of further investigations and controls of what
has been found here.
1. We frequently saw with linear measures of leaf, of flowercluster, of flower, that the optimum is first found in higher temperatures
(23°—25i°—28°), but that the'optimum' isshifted during the treatment
(see tables 3, 12, 13) down to 20° and 17°, lower therefore than
the well-known optima for physiological processes.
2. Besides it could be ascertained, that these lower temperatures
in the after-effect were equalled by the higher temperatures; consequently with a view to the total effect they appear to be by no
means optimal temperatures for the period of flower-formation.
(See tables^, 4, 5, 6, 12, 13, 16, 17).
3. In my opinion this general phenomenon, mentioned sub 1 and 2,
may be explained as follows : With respect to the formation of the
organs, i. e. to cell-division the optimum lies in high temperatures
(23° and higher); for the leaf-formation evidently very high. But
for the rate of extension the optimum is very low, 17° and lower,
as will be proved in detail in subsequent extension-experiments.
After an 8 weeks' treatment (in these experiments in Sept.) the
extension of the cells begins to act a more important part in the
increase in size of the organs in comparison with the initially
prevailing increase by cell-division. Thus the 'optimum' is 'shifted',
i. e. the greatest length found in the beginning at about 25^° is
shifted to 17° or lower in the later weeks. The so-called 'optimumshifting' therefore is indeed a shifting of the share that twoprocesses,
cell-division and cell-extension take in the linear increase of the organ.
Afterwards we shall frequently find occasion to examine and control
this phenomenon and- this conception. This transitory 'optimum-
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shifting' from 251° to 17° during several weeks should hot be
mixed up with the true optimum-shifting in less complicated physiological processes from abnormally high temperatures to moderated ones
in experiments of a few hours.
4. In connection with the above I remind of the remarkable phenomenon that not only in 13°, but also in 17° so many clusters
already perish in the 9 th to 12 th week, whereas those which succeed,
attain the greatest size in 17°. This proves the existence of the same
phenomenon of the 2 processes. For the 'strong' extension, occurring
in 17°, the preparatory process (increase in the number of cells) has
been insufficient in most cases. This explains, why in 13° and 17°
we do not merely see as in 1 |°, 5°, 9°, 31°, a shiver progress than in
about 251°, as might be expected in a simpler process, but that in
those temperatures we lind failures on account of a disharmony in
2 successive processes.
5. Sub 1 and 2 we referred to experiments, in which the same
temperature was maintained for 124 weeks. It appeared that the
initially optimal températures, e.g. 23° to 28° are more satisfactory
than e.g. 20° and 17° in the total after-effect, even on 12 weeks'
exposure after lagging behind in the 9 t h —12 t h week. Another
phenomenon is, that 124 weeks' continuation of these optimal temperatures e.g. 25^°, is less favorable for nearly all organs and dimensions, than a removal from 25^° to e.g. 18° (the temperature chosen
by us) after 8 weeks or even after 5 weeks: (see tables 4, 5, 8,10,
11, 14, 17, 18). With one temperature therefore the optimal effect
cannot be attained, when the bulbs are left above ground for 3
months, but after 8 weeks at most we should pass to lower temperatures for that purpose. Subsequent experiments will decide whether
8 weeks is suitable, or whether 6, 7 or 9 weeks are perhaps more
satisfactory. While we took 18° as cooler temperature, experiments
have been made to discover whether 17°, 13° or lower are most
favorable. All this will be published in the second part.
An unfavorable effect of maintaining the higher (and necessary)
temperatures for more than 8 weeks, does not appear in the shooting of the total number of leaves after treatment in 25^°—31°
(see tab. 2). The effect however not being more favorable than after
an exposure of only 8 weeks, in the organs hitherto examined not
a single indication is found, that the continuation for more than 8
iveeks of the initially required optima of 23°—28°, especially 25£°,
is favorable, on the contrary there are many indications of an
unfavorable effect.
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The removal into cooler temperatures after 8 weeks or after
5 weeks being so much more favorable, is certainly connected
with the fact that after that time of preformation (cellular increase),
the cell-extension, for which the optimum is so much lower, grows
more important. Each of the 2 processes, cell-division and cellextension want their special temperature. As has already been
stated, the share of these two processes is gradually modified. In
so far it is not accidental, that in general (e.g. when preparing)
a short time after lifting the grower begins in higher temperatures
and not suddenly, but more gradually passes on to lower temperatures.
Whether a more gradual fall of temperature may offer an advantage
worth mentioning to our optimum-approximation, in which we pass
to lower temperatures within a day, will be further considered.
6. A very striking phenomenon is the occurrence of a second
higher optimum on exposure to 35° about 5 iveeks, after a broader,
usually slightly lower optimum between 23° and 28° {usually m 25 1 /, 0 )
for 5 or 8 weeks. A general survey shows that this 2" d high
optimum in very high temperatures does not reveal itself during
the influence, but not until in the after-effect in January, stronger
even in a later period. It is manifest in the length of the leaf (tab.
4, especially tab. 5), the breadth of the leaf (tab. 6), consequently
in the leaf-surface (tab. 7), in the increase of weight of the bulb
(tab. 8), in the length of the roots (tab. 11), but not in the number
of roots (tab. 16) no more in the length of the flower-cluster (tab.
16), and the length of the flower (tab. 1 7 ) ; it does appear in the
rate of 'showing above ground' (for this is the length of the foliage),
not in the rate of opening of the flowers.
For the length and breath of the leaf we may substitute the size
of the leaf. This optimum of tables 5 and 6, either on account of
many cells or on account of big cells, fundamentally concerns one
and the same phenomenon, — increase in weight is a function of
assimilation, the latter of the assimilating surface, which depends both
on the number of leaves and on length and breadth of the leaves
(see ^ 3 D and $ 4), so that this optimum of tab. 8 appears to be
owing to the same phenomenon.
Since the roots treated with 35° were not only conspicuous on
account of their length, but also on account of their, thickness, as
had already been recorded in Oct. and afterwards in Jan., we see,
that just as in the case of the leaf, not only the linear measure,
but also the whole size experiences the optimal influence.
The exceptionally optimal effect of 35°, 5 iveeks, consists in the
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various cases stated in a large size, eventually surface of the
foliage-leaves and roots.
Whether this is based upon a high optimum for cell-division so
that a great number of cells are available for the extension, is a
subject for further investigation. It is fairly probable, for otherwise
it must be assumed, that the cells originated in 35°, extend more
and increase more in size, than those of lower temperatures, and
this is much less probable. While this may be investigated into,
already at the collected material of 1922/1923, in both cases it
remains to be decided how it is, that this takes place in 35°, whereas
the effect of 25 1 /, 0 , 28° was diminishing at 31°. Is (his connected
with the fact, that the floiver-pr eformation is so much inhibited in
35° (in the first case) or (in the second case) with the fact, that
during the extension a great number of the flower-clusters have
failed after this treatment? Or has the favourable effect of 35° on
the leaves no correlation at all with the unfavourable effect on the
flowers? Experiments already made will enable us to answer this
question in the second part of this paper.
Let us now proceed to the optimal combination of the optima,
and we approach the question of practical application. It is evident,
that all temperatures of 20° and lower are injurious to all organs
and to the rate of development in the first weeks of formation ;
that on the contrary in the later weeks, a long stay in temperatures
of 20° and higher is undesirable. Here we have arrived at one of the
practical points in the application. In these later weeks the growers
usually heat toell to check the bulbs, lest they show above ground
too early and suffer from an eventual late frost, which makes them
more subject to diseases. But though checking is useful and convenient in that respect, this research sufficiently teaches that
temperatures of 23° and higher in the latter weeks before planting
may be injurious in other respects.
If for the rest the optima for the various organs and properties
coincided, the question was very simple. But this is not entirely
the case, especially not there where a high second optimum occurs
in 35°. Our purpose should decide what temperature will be selected:
do we aim at an optimal flower-cluster, or at an optimal leaf-surface,
i.e. a strong circumferential growth of the bulbs, or in other cases
at a celerrimal extension of leaf and stalk, and opening of the flowers?
On account of the experience acquired in 1922/1923 we treat
those bulbs which have to produce a normal and preferably optimal
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plant as to both floiuers and leaves with 8 weeks 25^° and 4 weeks
17° till planting-time.
Whether a treatment shorter than 8 weeks is to be preferred,
whether a temperature lower than 17° is more favorable or a slightly
higher temperature in the very first weeks is more desirable, whether
this holds good for older bulbs, all this will be discussed in the
second part. For the present the above represents to us an optimal
treatment for the field-cultures, while after one or two years we
shall perhaps succeed in improving this optimum a little. Practically
25° to 27° may be chosen instead of 25^°.
This optimal treatment for the flower-clusters is most favorable
for the number of roots; likewise for the foliage,- or let us say for
the circumferential growth of the bulbs, this is the optimum when
it must be combined with good flowering.
If however the flowers are of no consequence, as in the first
years from the one year old specimens (pluisgoed) to the saleable
bulbs, where the circumferential growth {consequently the foliage of
the bulbs) is only important, we apply 35°for 5 weeks and next
about 17° till planting-time. As has been stated above, an investigation is being made, whether a temperature higher than 35° may or
may not have the same result in a shorter time or may have a
more favorable effect. We are also investigating to what this favorable effect in so abnormally high a lemperature, ("abnormal" for
so long a duration) may be due.
As to the roots with this treatment they are advanced as to length
and thickness; in 25^° 8 weeks however as to number. Which of
these two optima is best as to the whole root-surface and rootfunction is an open question.
In order to produce flowers with the greatest rapidity, celerrimal
flowering, the temperature during extension is most effectual. On
this subject extensive data will be given later on.
We may already mention here, that an approximation as close
as possible of the optimal and celerrimal effect, such as we try to
attain in this research, has proved that in the case oj early varieties,
as Innocence, an optimal treatment renders preparing thebulbs (lifting
early and treating in 30°—28° for the first weeks) superfluous.
On this subject I have only made a provisional experiment in
1923 with Innocence and Queen of the Blues. In the experiments
described in this paper it had appeared that with regard to opening
in the field 25^° and 28° for 5 weeks produced acelerrimum, slightly
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quicker than 25^° 8 weeks, which was more favorable in other
respects (see tables 18, 16 and 17). In connection with this Innocence-bulbs (12—13 cms. 4 th year, so miniatures) where lifted at
the usual time at the beginning of July (1923); next put in 25^°
together with the other bulbs destined for the fields, and planted
into high pots after 5 weeks at 10° C; next on Nov. 2 they were
put in 18° to 20° C for four weeks, then transferred to light in a
greenhouse of about 15° (J. From Dec. 6 th the clusters were opening
with perfectly entire white terminal tlowers.
Only a -provisional experiment was made in order to start similar,
accurate experiments with a greater number of bulbs this year;
besides we know already, that different slight corrections could be
made in the temperatures mentioned and in the further treatment.
With a view to application for early flowering 1 advise to abide
these more detailed communications.
For application in a modern Hyacinths-culture these experiments
may give further directions, of which a detailed description will
perhaps be given after the experiments on the conditions during flowerformation and during extension have been continued for 1 and 2
years. Various points may now be decided or approximated with
great accuracy ; but some cultural years are of course needed before
well-founded advice may be given. Then it will be possible to start
a small experimental culture, managed according to the results of the
preceding researches.
In a perfectly modern working-nursery a distinction will have
to be made according to the various periods of development, at
present we are far from prepared to give accurate directions on
this point.
1. The method of scooping; the treatment of the scooped bulbs
till planting-time; the treatment of the planted scooped bulbs with
the young bulbs. About the 2"cl part experiments were made in
1922; after a short time the material obtained for these experiments
for 1923 appeared to be diseased; so that this caused a year's
delay.
2. The treatment of the one year old bulbs (pluisgoed) till the
period that the bulbs are marketable: i.e. the treatment in which
everything must be tending to circumferential growth of the bulbs,
so to leaf-development, while the cluster is of no consequence. We
have seen that for these years a special treatment in extra high
temperature may be very profitable. Investigations are being made,
whether this is further corroborated and whether bulbs can stand
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this year after year. Seeing the favorable results with 35° 5 weeks
this may surely be expected.
3. The treatment of the bulbs which for trading purposes have
to attain an optimal flowering and where the circumferential growth
is of little or no consequence. As has been demonstrated this treatment
differs from the one sub 2.
4. The treatment of the bulbs for a celerrimal effect, i. e. for
early flowering.
5. Besides accelerating the culture for early flowering, I think it
important to introduce an acceleration of culture in combination
with the purpose mentioned sub 2. It is possible to make the
cultural year considerably shorter than the calender-year. Consequently the increase in bulb-circumference may be attained, besides
by the treatment mentioned sub 2, in a smaller number of calenderyears. May be 1 say, for it all depends on the fact how the shortened
cultural year coincides with the climate of our calender year,
particularly with respect to the purpose mentioned sub. 2 for the
assimilation with a view to light and sufficient heat. I imagine that
such accelerations of culture would certainly want gently heated,
low and simply constructed greenhouses in winter.
Whether this method on a larger or smaller scale will be of
practical interest, will appear but gradually, since new studies are
being made on the minimum light-quantity required for the assimilation, consequently circumferential growth of the bulb.
6. If indeed a more accurately controlled cultivation, less exposed
to the whims of climate, might appear economically feasible, we
have arrived at the technical part of the trade. For if the growers
would really apply the approximated optima, the nature and
construction of the storehouses would be of primary interest, which
if it would be economically practicable, should be absolutely
different from most of the bulb-sheds and -lofts of present use. Next
the approximate optimum of time and duration in the period of
flower-formation can give distinct directions about the least risky
. time of export and shipment and of the desired temperatures in
long transport on board vessels depending also on the purpose and
on the countries, to which the bulbs are exported.
For various reasons it seemed right to me, not to restrict myself
in this first part entirely to the figures found, — but also to discuss
the further program, the questions to which attention isdrawn from
a botanical and horticultural viewpoint — directions, in which
practical applications may be made. Meanwhile undisturbed continuation of research is the first condition for any progress on these
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points, a condition but too rarely understood by our time and offered
to too few workers.
I will not conclude this paper without expressing ray indebtedness
to all in this laboratory for their energetic assistance in these researches in numerous ineasurings and observations and in the maintenance of constant temperatures for months together.
Laboratory for Plant-physiological Research.
Wageningen. Holland.
February 1924.
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