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§ 1. Introductory.

During the research on ‘The periodical circumferential
growth of the bulbs of hyacinths’ (A. H. Blaauw 1923)
the question presented itself how the periodical growth in
breadth of the foliage-leaves and sheath-leaves is effected,
viz. whether it is due to cell-division and extension or to
extension only.

This question was the starting-point for the following
research. It being necessary to study the growth in breadth
in connection with the growth in length, the latter was
first examined.

On searching literature for publications on the growth
of the monocotyledon-leaf, we only find, as far as [ know,
a paper by Stebler (1878), discussing the growth in
length of the foliage-leaf down to its insertion-spot. On
this paper the representation of the growth of the mono-
cotyledon-leaf is based, as we know it from the text-books
of Jost (see Benecke und Jost 1923, p. 30) and
Palladin. On the growth in length of the scales (i.e.
the bases of the foliage-leaves, one or more years after
assimilating and of the older sheath-leaves), as described
in Blaauw's above mentioned publication, I find nothing
in older literature. ' I
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Let us now consider what Stebler communicates in
his ‘Untersuchungen iiber das Blattwachstum’. His great
merit is his having studied the growth of a foliage-leaf of
Allium cepa down to the insertion spot. Stebler himself
mentions an older research by Miinter (1843), in which
it appeared that in Crocus- and Hyacinth-leaves the growth
stops basipetally (see Blaauw 1920, p. 40). The division
of growth of the portion of the leaf inside the bulb was
not studied in his researches. Stebler did so by cutting
away a quadrant of the scales. He does not mention which
foliage-leaf he measures. One of the two bulbs the foliage-
leaf of which he marked, was kept in 19 to 21° C. and
was grown out in a fortnight. While the length amounted
to 22,5 mms. on March 15, it amounted to 207 mms.
after growing out. From the figures concerning this foliage-
leaf it appears, that the growth in the leaf-blade continues
longest near the base of the blade. Below the blade there
is a leaf-sheath, in which the initially upper half grows
more than the lower half. In this part of the leaf therefore
a centrifugal cessation of growth may be stated. From the
numbers it appears that the originally highest part of
2,5 mms.,, belonging to the sheath, grows slightly longer
than the zone lying above it, which belongs to the blade
according to Stebler. Apparently we have to deal here
with a foliage-leaf the sheath of which grows in a fortnight
from 5.0 to 39.3 mms. Stebler does not mention whether
this sheath will persist for another year as a scale, but
perhaps he measured one of the outer foliage-leaves, of
which Irmisch (1850) p. 15 said, that during the flowering
(ca. July) they have changed into thin, transparant mem-
branes, whereas the inner foliage-leaves are still living and
fleshy at the base.

It will appear in the following research, that when the
leaf-sheath is destined to persist as a scale, as with the
Hpyacinth, the growth continues much longer and the
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division of growth over the leaf-sheath is different from
what Stebler found in the case of Allium.
- When Jost (see Benecke und Jost 1924) p. 30 says:
‘Auch bei den langgestreckten Monokotylenblittern pflegt
die Streckung basipetal vorzuschreiten meist unter Aus-
bildung eines ausgesprochenen interkalaren Vegetations-
punktes an der Basis’, and quotes the figures given by
Stebler, he refers to an intercalary growing-point at
the base of the leaf-part, lying above the sheath-part.
Anatomically this growing-point was not ascertained by
Stebler. For further details I refer to his publication.
In this paper the later scale of the foliage-leaf will not
be indicated as a sheath, but as a reserve-organ, or as a
starch-part or as a store-organ, while the rest of the foliage-
leaf will not be indicated as the leaf-blade, but as the
further foliage-leaf-part or the portion above the starch-
part (see further § 5b).

§ 2. Division of growth in length.

In this paragraph I shall first discuss the growth in length
of sheath-leaves, foliage-leaves and scales, as it may be
ascertained from marks, put on those parts of the plant.
Next in § 3 I shall separate that macroscopically ascer-
tained growth in length into its component parts: cell-
division and cell-extension with the aid of microscopic
observations. That it is impossible to start with the dis-
cussion of the growth in breadth, which on account of the
paper on ‘The periodical circumferential growth of the bulb
of Hyacinths' (Blaauw 1923) wants analysing most, appears
already from the following. When namely the growth in
breadth of a special portion is to be considered, equivalent
regions of the parts of the plant should be compared on
the various dates, which is impossible without marking,
before the shifting of such a region in the longitudinal
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direction is known. Therefore a study of the growth in
length should precede a study of the growth in breadth.

The variety used in this research is Queen of the Blues.

In order to study the growth in length of foliage-leaves,
sheath-leaves and scales down to their insertion-spots, a
great part of the scales had to be removed. Fig. 1 repre-
sents a scale (the base of the previous inmost foliage-leaf)
after the surrounding scales have been removed down to
the disc. The marks of black paint were put on with the
aid of a thin piece of copper wire, ending in a small loop.
A piece of a thin flexible steel measure was laid along the
marks; the readings were usually taken with the aid of a
magnifying-glass, the place of the lower side of the dots
being dictated. The distance from each dot to the base
of the organ was given in this way (see subjoined table
It column) while afterwards the distance between every
two successive dots was computed (see subjoined table
2nd column). The difference of the same zone on two dates
(2nd and 3rd column) gives the increase in length of that
zone during the time elapsed (4th column). That increase
divided by the length of the zone on the first of the two
dates, indicates, how many times the original zone has
been lengthened (5th column).

Increase in | Growth from
Place Lengths of | Lengths of

of the marks the zones the zones lengthlc\); tl;’e MMrclsn. 28 to
on Mrch. 28 | on Mrch. 28 | on May 8 | Z00€s Virch. | Vay O expres-
i . . 28 to. May 8 | sed in original
o mms. o mms. o mms. in mms. ~ | length of zone.

base 0.5 0.5 6.0 5.5 11.0 x

3.0 25 6.5 4.0 1.6 x

5.0 20 35 1.5 0.7 x

9.2 4.2 6.0 1.8 0.4 x

apex 12.5 33 30 —03 —~ 0.0 x

When the growth is expressed in the zone-length of the



Fig. 1 (ca. nat. size).
Scale of an inmost foliage-leaf (a year after its assimalation) on March
2nd 23 after having been marked for the longitudinal measurements.
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earlier of the two dates we compare, the difference in length
of the initial zones need not be taken into account, when
the vigour of the growth of successive zones is to be
compared.. - T

In order to give as few figures as possible, in some of
the following tables only those zones will be given, into
which the part of the plant is divided on the former of
the two dates to be compared; in a next column the
growth in that period expressed in the initial zone-lengths.
Then the above table looks as follows:

Growth of the

March 28 zones from
zones in mms. March 28 to
May 8.

base 0.0 ~ 0.5 11.0 x

05~ 3.0 1.6 x
30—~ 50|  07x
50~ 9.2 0.4 x

apex 92 —125| ~ 00 x

The macroscopic measurements of growth in length have
been taken on three groups of bulbs, put in the green-
house at four different points of time. The first group,
consisting of 7 bulbs, being in their 4th year, marked A—G
was lifted from the field on March 28th 1922 together
with its roots with all possible care and planted into a
pot in such a way, that the whole bulb showed above
the soil (see fig. 1). The pots were put in a greenhouse,
the temperature of which was oscillating between 15 and
21° C. The total length of the leaves, measured down to
the bulb-disc, amounted at that time (March 28) to ca.
110 mms.- On April 7 these bulbs were nearly in full
flower, i.e. the apical flowers were still opening.

After removal of the scales and marking the bulbs was
wrapped in wet cotton-wool to prevent drying. up. Good
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care was taken that the cotton-wool did not touch the
marks. It appeared that in spite of the rather radical
operation of the bulbs the growth continued fairly well.
The removal of the scales down to the disc caused a great
quantity of moisture, which' made it rather difficult to mark
the bases of the scales, etc.

When the epidermis had remained uninjured, putting on
the paint-marks usually had no injurious consequences,
when injured however the growth strongly decreased and
the marks were hard to discover, because the tissue formed
little brown scales.

Moulding and rotting of the cut parts could be restramed
by moistening the cotton wool but moderately.

On May 8 of the same year (1922) another 7 bulbs of
a different group in their 5th year were put in the green-
house. These bulbs have been indicated, H, J, K, L, M,
N, and O. ‘

On March 20d 1923 10 bulbs (in their 4th year) were
transferred from the garden to the greenhouse in the same
way. By that time the length of the foliage-leaves amounted
to ca 100 mms,, the average height of the cluster being
ca 20 mms. less. (see for this stage fig. 1), On March 14
these bulbs were in full flower. They have been indicated
I up to and including X.

Besides on March 17th 1923 six bulbs of the same lot
were .transferred from the garden to the cold greenhouse
facing North, where the temperature was usually kept at
12 or 13° C. These bulbs have deen indicated XI up to
and including XVI. All bulbs indicated with characters
therefore were measured in 1922, all bulbs indicated with
Roman figures in 1923.

Each of the bulbs C, M, III, 1V, V, IX, XII and XV
was used in measuring the growth in length of the outmost
sheath-leaf, enveloping the assimilating foliage-leaves.

Of the bulbs: A, B, D, E, F, G, H, ], K, O, I, VII,
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VIII, XI and XIV the growth in length of the outmost
of the assimilating foliage-leaves was measured.

Of bulb L and II the growth in length was measured
of the scale of the inmost foliage-leaf, which assimilated
a year before. Of the bulbs N, XIII, VI and X the outmost
sheath-leaf was used for measurements of breadth; the
foliage-leaf of bulb O was used for the same purpose.

We may now proceed to discussing the results of these
measurings and shall start with the growth in length of
the sheath-leaves.

a. Division of growth in length of the sheath-leaf.

The outmost sheath-leaf of bulb C, divided into zones
on March 28th 22 (table 1 column 1), appeared not to
have grown on April 7th, On May 8 the total length had
increased from 44.0 mms. to 55.5 mms. The basal portion
only (from 0—9.2 mms.), appears to have been lengthened
from 9.2 mms. to 22.0 mms., ie. 12.8 mms. Of these

” ” ” ” " ” ” 0'5 ” 3'0 " " ”

1’5 "’ ” ” . ” ” ” ” 3‘0 ” 5'0 ” ” ”

” ” ” ” ” ” " 5'0 ” 9’2 ” ” ”

The part of the sheath-leaf above 9.2 mms. i.e. 44 ~
9.2 = 34.8 mms. has not been lengthened from March 28
to May 8; on the contrary it appears to have shrunk a
little, so that the total lengthening is not 12.8 but 11.5 mms.
~ From this it follows, that only less than one fourth of the
sheath-leaf was growing in that period and this appeared
to be the basal part. ~

If we observe the division of growth in that period, it
appears (table 1, col. 2), that the lowest, i.e.

5.5 mms. have been formed by the zone 0.0 to 0.5 mm. of March 28

28
28
28



9.5 mms. by the zone 0.0 to 0.5 mm.

6.5
20
1.8

”

”

”

7.0 mms.

9

the Ist zone hasincreased 11.0 X its initial lenght of March 28.
w 20d " 1.6x, . w o w28
w3d L, " 07X, w w w28
o 4h " 04x, w w28,

From this we see better than from the figures given above,
that it is especially the lowest very small zone of 0.0 to 0.5
mm. of March 28th, which has most been lengthened.

Considering the lengthening of this sheath-leaf from
May 8 to June 20 we find that the apex of the sheath-
leaf has shrivelled to 43.0 mms. from the base. Only the
zone from 0.0 to 16.0 mms. on May 8th appears to have
been lengthened to a total amount of 7.0 mms. From these
mms. mms.

4.0 have been formed by the zone 0.0 to 6.0 of May 8
25 ,, » " w » » 60,125, , 8
05 ., " ” w » w 125,160, , 8

Expressed in the initial length of May 8 to June 20,
the 1st zone has increased 0.6 X its length of May 8

2od ., w 03x%x., . . . 8

3d°, " o1x, . - o 8

During the period from May 8 to June 20 it is at most
a zone of 16 mms. from the base, which is still growing.
Here too the strongest growth occurs in the most basal
zone. The total lengthening of the growing portion of the
sheath-leaf from March 28 to June 20is 12.8 + 7.0 = 19.8
mms.; the lowest 9.2 mms. of March 28 have become
29 mms. on June 20, i.e. an increase in length of more
than 2 X the initial length of March 28, The increase of
19.8 mms. is divided over the different zones as follows:

”

” " " 0'5 ” 3'0 ” tid ” 28 = 2'6 x ” ”
” ” ” 3’0 ” 5’0 ” ” ” 28 = l '0 x " ” ”
” ”. ” 5'0 ” 9'2 ” ” ” 28: 0’4 x ” ” ” ’

”

of March 28=19 x the length of March 28
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It appears from all these figures, that during the assi-
milation-period of the foliage-leaves, the lowest part of the
sheath-leaf (from 0 to 16 mms.) grows and that the growth
of the most basal zone of that part is strongest.

In the abnormal greenhouse-conditions, we have ascer-
tained for a Hyacinth-bulb a lengthening of the outmost
sheath-leaf, enveloping the assimilating foliage-leaves, of
44.0 to 55.0 mms. in the period from March 28 to May 8.
Moreover there was a growth of 7 mms. from May 8 to
June 20; if therefore the sheath-leaf had not shrivelled at
the apex, the length would have increased to 62.5 mms.,
i.e. an increase of 18.5 mms.

We should bear in mind that the dates cannot be directly
compared with the data collected for bulbs grown outside
in totally different outward circumstances. Yet, to get some
idea, whether this increase is abnormally great or small,
we shall compute the average length (M.) of 20 outmost
sheath-leaves from a lat of bulbs (age 4th year), regularly
sent from Lisse. These are the same figures as mentioned
in Blaauw’s publication (1923 Table 30).

Length of the outmost sheath-leaf in mms.
: M. M.
April 5th 1922 , . , 345 May 17th 1922, . . 42.0
April 25th 1922. . , 358 June 16th 1922 . . . 56.5
May 3d 1922 . . . 379 July 19th 1922 ., . . 58.5

On July 19th the apex of these sheath-leaves was not
always present, consequently the growth may have been
a little more than the figures state.

It appears that the growth in the fields from April 5th
22 to June 16th 22 was 22 mms., whereas the sheath-leaf
in the greenhouse from April 7 (for by that time the length
was the same as on March 28) tot June 20th 22 grew
18.5 mms.
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With another lot (age 5th year), examined by Blaauw,
see table 28 of that same publication (1923), the increase
from April 7th tot June 25th was 36.5 tot 53.2 mms., =
16.7 mms. We may therefore assume the increase of the
sheath-leaf in the greenhouse to have been fairly normal.

There being no increase of the sheath-leaf from March
28 to April 7 might be considered owing to the trans-
mission from the fields to the greenhouse with the attending
root-injury. If however we observe Blaauw's figures (1923)
table 28, we see, that neither in this group, growing out-
side, any growth could be observed from March 26 to
April 16.

Length of the outmost sheath-leaf in mms.

27 Febr. 1920. . . . 357 16 April 1920 . . . 36.2,
13 March 1920. ., . 35.2 30 April 1920 . . . 41.1
26 March 1920. . . 36.1 15 May 1920. . . . 47.2
7 April 1920 . . . 365 28 May 1920. . . . 499

The growth in length of the sheath-leaf from March to
June was measured, because during that period the foliage-
leaves assimilate and even then the greatest increase in
breadth of the sheath-leaves and scales occurs. (see fig. 36
of the publication 1923 above-mentioned).

We shall now consider how far conformable results were
obtained with the other sheath-leaves measured. The sheath-
leaf of bulb M., transferred to the greenhouse on May
8th 1922, showed a growth of 44.5 tot 51.0 = 6.5 mms.
from May 8th to June 2lst. Strictly speaking the growth
is 7.0 mms.,, but seems 6.5 mms., because one zone has
shrunk 0.5 mms. This may be an error of observation in
consequence of the measure having moved a little.

The growth from May 8 to June 20 of sheath-leaf C
bhad also been 7 mms. In M however the division of growth
does not seem so regular, probably because the sheath-leaf
was injured on June 20.
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So we find that of the 7.0 mms.:

0o 0o Co 0o Co 0o O° Co

mms. mms. .
3.0 have been formed by the zone of 0.0 to 4.5 on May 8 = 0.6 X the zone-length of May 8
00 . " " w » w w» 45,100, , 8=00X, "
00 . " w wowm w w100, 120, , 8=00X, "
10 . - w wow w w120, 140, , 8=05X, ”
1.0 ., " ” w ow w140, 155, , 8=06X,, "
00 ., " " w »n w w155, 205, . 8=00X, "
1.0 . " w w ow w» w»205,25, , 8=05X,, "
05 .. " " w w w w225, 245, , 8=02X, "
05 . " - w w » 245, 20, , 8=03X, »
7.0

The rest of the sheath-leaf i.e. 18.5 of the 44.5 mms.
does not show any growth.

The growth of the lower zone is no less than in C.,,
viz., 0.6 x the zonelength of May 8. ‘The growth of other
zones however appears to have been equally strong, so
that 26.0 mms of May 8 take part in the growth of 7 mms.
whereas in C only 16.0 mms took part. It is possible that
the rather serious injury has caused the irregular division
of growth, for it will appear with regard to the other
sheath-leaves, that in many cases there does lie a maximum
near the base ~ while the growing zone is usually smaller.

The outmost sheath-leaves of the group of bulbs, which
were put in the greenhouse on March 2nd 23 and which
were marked on March 8, on the whole appear to have
grown less vigorously than the sheath-leaf C. Most of the
sheath-leaves did not grow any more after May 12th or
but very little. Apart from that slighter growth we shall
see, that also in these sheath-leaves the most basal zones
usually grow most vigorously and that the growth at the
base continues longest.

In bulb IV (tab. 2 columns 1 and 2) the sheath-leaf
has but grown from 28.0 to 30.5 mms. from March 20th
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to March 27th, The two undermost zones appear to have
had the greatest share. Both zones have grown 100 9/,.
The total increase is due to the lowest 10.5 mms. On
March 27 new marks were put on. From March 27 to
May 12 the growth amounted tot 8.6 mms. (20.4 to 29.0
mms.). The undermost zone appears to have added 3.3 x
its length of March 27 in that period, the next zonmes a
great deal less (columns 3 and 4).

The lowest 10 mms. of March 27 have formed the part
that has been lengthened. Here again the growth was
most vigorous at the base. .

In bulb V (table 3 columns 1 and 2) the sheath-leaf
has grown from 26.5 tot 29.5 mms., i.e. 3.0 mms from
March 20th to March 27th. The lowest (lst zone) up to
and including the third zone have yielded 2.0 mms. The
very slight growth of 1 mms. is caused by the portion
measuring 3.4 tot 18.0 mms. on March 20. From March
27 to April 12 there is'a growth of 22.5 to 25.0 mms.
The 2.5 mms' increase is effected by the zone 0.0 to 17.5
mms. of March 27.(columns 3 and 4): 1.2 mms. of it has
been produced by the lowest zone. On April 12 the lowest
19.5 mms. of March 20 (the total length being 26.5 mms.
by that time) has been lengthened to 25.0 mms., the rest
being shrivelled up on April 12. From March 20 to April
12 therefore there is an increase of 5.5 mms. For its
division of growth see col. 5. We notice that the lowest zone
has added 2.1 X its initial length, while this lengthening
is much less in the following zones.

In bulb III (table 4 columns 1 and 2) a similar increase
of length appeared to have taken place from March 20 to
April 12, viz. 6.0 mms.

Besides the zone at the base, there are others which
have been much lengthened. There appears to be a zone
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from 0.0 —~ 13.5 mms., which grows after March 20.
Within this part we find no strikingly vigorous basal growth.

In the sheath-leaf of bulb IX (table 5) the growth from
March 10 tot 19 amounts to 3.6 mms. (26.4 to 30.0 mms.).
In this the three lower zones, measuring together 2.5 mms.,
take no part (columns 1 and 2). The growing portion is
chiefly found between 2.5 and 12.0 mms. from the base,
i.e. 3.0 mms. is added from March 10 to 19 by the zone
mentioned, while there are 3 other zones, situated much
higher, which have grown 0.6 mm. From March 19 to 27
there is growth at the base (columns 3 and 4). There is a
total growth of 6.0 mms. produced by a piece, measuring
0.0 to 10.8 mms. on March 19. Besides the most basal
zone, the zone 8.0 to 9.0 mms. of March 19 appears to
have been much lengthened.

From March 27 to May 12 (columns 5 and 6) the
growth is 3.2 mms. (36.0 tot 39.2 mms.), Of these 3.2 mms.
a lenghtening of 2.8 mms. is produced by the lowest 19
mms. of March 27, while the part higher than 19 mms,
gives an increase of 0.3 mm. Just as in the period from
March 10 to 19 the upper part of the sheath-leaf has
been slightly lengthened. From March 10 to May 12 the
lowest 12.0 mms. (of March 10) have grown 11.9 mms.;
the part lying higher than 12.0 mms. on March 10 but
0.9 mm. :

Of the sheath-leaf of bulb XII (table 6) the lowest zone,
0.5 mm. long on March 20, grows most vigorously, viz.
2.4 x its length from March 20 to March 27. Only the
lower 7.8 mms. grow from March 20 to 27 (totally 3.2 mms);
above this there was no increase (columns 1 and 2). While
the growth from March 27 to April 12 is least in the most
basal zone (columns 3 and 4). it is just the reverse from
April 12 to May 11 (columns 5 and 6). The total increase
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of the whole sheath-leaf from March 20 to May 11 amounts
to 12.3 mms. (31.2 to 43.5 mms.). Of this amount 12.2 mms.
have been formed by the zone 0.0. tot 7.8 mms. of March
20 (column 7).

The division of growth from May 12 tot July 18
(columns 8 and 9) again shows that the lowest zone of
2.5 mms. of May 12, is the one that has grown most
vigorously. Of the total lengthening of 5.3 mms., 4.5 mms.
have been yielded by the lowest 6.5 mms. of May 12,
consequently there is a strong concentration of the growth-
process at the base of the sheath-leaf.

The sheath-leaf of bulb XV (table 7) only shows a
lengthening of the lowest 12 mms. from March 20 to
April 12 to a total amount of 6.3 mms., whereas the 2ad
zone from the base grew most vigorously, viz. 3 X its
initial length, the lowest zone has not grown at all. For
the rest the division of growth is irregular (columns 1
and 2). . _

From April 12 to May 11 only the lowest 5.5 mms. of
April 12 have been lengthened, viz. 3 mms.
~ From March 20 to May 11 therefore there was a total
growth of 9 mms. (column 5), in which only the lowest
120 mms. took part in the period from March 20 to
April 12 and from April 12 to May 11 only the lowest
5.5 mms. After May 12, after putting on the new marks,
there was a growth of 2 mms. till June 6, 1.3 mm. of
which was formed by the basal zone of 0.0 to 2.2 mms.
of May 12. The further lengthening of 0.7 mm. was pro-
duced by a piece measuring 7.5 mms. from the base.

From all these preceding data it appears, that the growth
in length of the outmost sheath-leaf enveloping the assi-
milating foliage-leaves during the assimilation-period of
the foliage-leaves mainly takes place in the more basal part.
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For the length of this basal growing part we found:

C from March 28 to May 8: 9.2 mms. of the 44.0 of March 28 grew; 34.8 mms.

w » May 8 » June 20: 160 , , , 555, May 8 w 3395
M ., w 8 w o 20: 260 , . ., 445, . 8 w ;185
IV ., March 20 ,, March 27: 105 ,, , , 280, March 20 ,, ;175 ,,
v . » 27, April12: 175 ,, ., ,295., ., 27 , ;120 ,,
" w 20, ., 12: 165 , , , 25, , 2 , :100 ,,
m . w 20, ., 12: 135 , , . 20, , 20 , ;125 ,
x ~ 10, March 19:262 , , , 26, , 10 , ;: 04 ,
w . e 19, ., 27:108 , ., .30, ., 19, :192 ,
" w 27, May12: 317 , , ,360. ., 27 , ; 43 .,
Xn ., » 20, March?27: 78 , , ,312, , 20 , :234 ,
” w 20, May1l: 78 , . ,312, ., 20 , :234 ,
w May 12 ,, July 18: 142 ,, , ., 435, May 12 » 1293
XV .. March 20, April 12: 120 ,, , , 300, March 20 ,, ;180 ,,
w Aprit12 ,, May 11: 55 ,, , , 330, Aprl 12 ,, ;275 ,,
» May 12 ,, June 6: 75 . w390, May 12 w 3315

Leaving the lengthening from March 10 to March 19
and March 27 to May 12 of IX out of consideration,
because by far the greater part of the growth was effected
by the lowest zone of 12 mms., we see that in all other
cases the non-growing part from the apex amounts to
10 mms. at the least often considerably more, even up to
39.5 mms. So we notice strong individual differences here.

The growing basal portion of the sheath-leaf appears
to vary between 5.5 mms. and 26.0 mms. Yet we saw,
that (excepting bulb M) the growing zone is as a rule
not larger than 17 mms. and often appears to be smaller.
In by far the most cases the most basal portion of that
growing part again shows the most vigorous growth,
while the growth continues longest there. The growth
ceases basipetally. ’

It is a remarkable fact that the basal part of the sheath~
leaf which is stuffed with starch and consequently seems
so stiff and little capable of growing, grows most vigorously,
while the more transparent higher part is no more lengthe-

‘BuruaiBuadl ou moys xade a3 woy
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ned. We shall see later on, whether this growth of the
sheath-leaves is only brought about by cell-extension or
also by cell-division. ‘

b. Division of growth in length of the foliage-leaf-scale.

It is already known, that in the one year older sheath-
leaves, i.e. the sheath-leaves surrounding the leaves, which
assimilated the year before, a new lengthening begins in
spring (see Blaauw 1923. Table 31b). The same was
ascertained with respect to the rest of the inner foliage-
leaf in the year after its assimilation. (Blaauw 1923,
Table 24.) This is a scale which except by its place in the
bulb, is no more distinguished from the sheath-leaf-scales.
A different behaviour as to their growth in length is no
more to be expected of these scales, though they are of
a different origin. On account of this the division of growth
was only observed in a few foliage-leaf-scales, viz. in the
scale of the inner foliage-leaf in the year after its assimi-
lation in bulb II and bulb L (see fig. 1).

In bulb II (table 8) this scale has a length of 30 mms.
on March 20; of these only the lowest 7.8 mms. grow
from March 20 to 27, viz. 2.2 mms. (columns 1 and 2),
From the division of growth it appears, that the three
lower zones, forming the lowest 2.8 mms. on March 20
grow most vigorously all three of them at about the same
rate. From March 27 to April 12 another 2.2 mms. are
added, when the lowest zone is no more lengthened
(columns 3 and 4). A portion of 11 mms. from the base
takes part in the growth. In the whole period from March 20
to April 12 we ascertained a growth of 4.4 mms. (col. 5).

Though in this case not the undermost zone has been
lengthened most, here too we find, just as in the case of
the sheath-leaf, that the growing part lies at the base
and the growth of that part has been most vigorous in
the more basal zones.
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In bulb L (table 9) the lengthening of the above-mentioned
scale is 6.5 mms. (455 to 52.0 mms.) from May 8 to
June 21. The lowest 22.5 mms. of May 8 have grown
8.5 mms. longer. This however does not appear in the
total length, because the top part of this scale is shrivelled
up on June 21, causing a shrinking of 2 mms. Only 22.5 mms.
of the total length of 45.5 mms. took part in the growth,
i.e. about half the scale was growing. A similar large
growing zone we also found occasionally in the sheath-
leaves. From table 9 col. 2it is evident, that the undermost
11.5 mms. of May 8 grow most vigorously.

In the scale of the inmost foliage-leaf a year after its
assimilation, we found the most vigorous growth at the
base, just as in the outmost of the sheath-leaves, which
surround the assimilating foliage-leaves.

c. Division of growth in length of the foliage-leaf.

We shall first examine the growth of the foliage-leaves
during the assimilation-period with the aid of marks.

In bulb XIV the base of the outmost assimilating foliage-
leaf did not show any enlargement or thickening with
starch-aggregation on March 20th 23; it only appears that
the insertion-spot is a little narrower, as is always the case
in the foliage-leaves before the leaf-base grows into a
reserve-organ. On the broadest spot i.e. 2 mms. from the
base, a mark a was put on March 20th 23, On March 27
the foot of the foliage-leaf already appeared to be full of
starch up to 3.5 mms. from the base, which is externally
visible by the white colour.

The most swollen spot lay 1.5 mms. from the base and
was marked b. On March 27 the mark a of March 20
was found at 3 mms. from the base i.e. it is still in the
part of the foliage-leaf that is going to develop into a
reserve-organ. ‘
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Distance Distance Tot:fl :l}f;ght Totafl length
f f b : h
Bulb XIV. to :ﬁ? t?ase to ?})1[: base pq:;;:ont;i:lel:i folci’ag;-leeaf
' in mms. in mms. . WIin nims.c in mms.
20 March 23 2.0 —_ —_ 201
27 March 23 3.0 15 35 277 -
12 April 23 7.0 35 8.0 360 -
11 May 23 18.0 10.0 21.0 385

From ‘the above figures we see, that on March 27 the
reserve-organ is 3.5 mms. long, on April 12th 8 mms., on
May 11th 21 mms.

The mark a lying at 3 mms.” distance from the base on
March 27, we find at 7 mms. on April 12 and on May
11 at 18 mms.’ distance from the base. From March 27
to May 11 that zone has. increased 3 to 18 mms. =
15 mms. =5 X its initial length. The distance of this mark a
to the upper limit of the starch-part amounted to 0.5 mm.
on March 27 and to 3 mms. on May 11, i.e. anincrease
of 25 mms. or 5 X the initial length., This small piece
therefore has grown in proportion to the lowest part.
From this we see, that the limit of the starch-part and
the further foliage leaf-part has remained quite the same
on the various dates. When a small portion at the base is to
be distinguished as thickened and filled with starch, the limit
of the further foliage-leaf and the reserve-organ is fixed.
. This reserve-organ therefore does not grow, or in other
words the scale does not originate, because a greater and
greater part of the foliage-leaf is turned into reserve-organ
by aggregation of starch, no, it is an originally small
portion differentiating at the base of the foliage-leaf
and growing from those originally narrow bounds (e. g.
the 3.5 mms. of March 27) fo a large reserve-organ (e.g.
21 mms.’ length on May 11 as mentioned above).
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Before examining the division of growth of this starch-
part of the foliage-leaf, I wish to point out a few cases,
from which it likewise appeared, that the limit between
the starch-part of the foliage-leaf and the further foliage-
leaf-part is a fixed line. For instance in bulb I the starch-
part is 4.5 mms. long on March 19, 6 mms. on March 27
and 9 mms. on April 12, yet this reserve-organ is formed
by the same zones.

Bulb I | Zones on March 19, | The Sme soneson | The same zbes on

Base 8(5) to (l)g Length (l)g to 1.5 Length (2)8 to :252 Length
1:5 :: 2'5 starch~ 28 :: starch- 35 :' 6'2 starch-
25 . 35\ part | 45 " 55\ part | g5 " gig| part

Apex |35 . 50/45mms| 55 7 gg)6.0mms. g "33 /9.0mms.

From these figures it appears, that a little more than
the four lower zones continue forming the starch-part and
there is no higher zone, which afterwards takes part in
forming this reserve-organ or conversely that there is no
zone which afterwards loses the character of reserve-organ.

(I wish to point out that the transition between the
opaque snow-white starch-part and the more transparent
yellow-white rest of the foliage-leaf is usually rather gradual;
on account of this it only can be determined, accurately
down to 1 mm.)

The same is proved by the following figures:

The same zones | Th
Bulb VIL. on I\%::lce: 19. one ls\'larf:hz 27.s of: sAag‘;l zlozn.es
0.0 —~0.2 00—~ 05 00—~ 15
02—-1.0 05—~ 1.8 15— 5.0
1.0 —-20 1.8~ 05 50—~ 9.0
20—~33 50—~ 8.0 9.0 —13.8
33—-45 8.0~—120 | 13.8 —18.3

Length of starch-
part......... 4.0 mms. | ca.7.0 mms. |ca, 14.0 mms.
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Bub vin, | Zones on | The pamesones | Now sy, | Thesepow sncs
00~10; 00—~ 3.0 | 00— 1.0 00~ 25
1.0—-31| 30~ 52 | 10~ 33 25~ 52
31~48; 52—~ 85 | 33~ 45 52—~ 65
48 —~68| 85~130 | 45— 6.0 65— 95
6.0 — 8.0 95 —~123
80~ 95 | 123 ~145
) 95~ 125 | 145 —18.2
Length of starch- : '
part......... 6.0 mms. | 10.0 mms. 10.0 mms. |ca.15.0 mms.
Bulb XL Zones on | The same zones New zones These new zones
March 27. on April 12, on April 12, on May 11.
00~01| 00~ 01 | 00~ 13 00~ 50
01—11] 01 — 18 | 1.3~ 30 50—~ 80
1.1—-20 1.8~ 40 | 30~ 5.0 8.0—115
20—~38| 40— 80 | 50— 6.8 | 11.5—152
38—~58| 80~150 | 6.8 ~10.5 {152 —240
Length of starch- '
part......... 4.0 mms. | ca. 9 mms. | ca. 9 mms. |ca. 18. mms.

Now that we know, that the starch-part is enlarged by
growth within its own bounds, we shall trace the division
of growth in this starch-part and the foliage-leaf-part
above it. Returning to bulb XIV of which I gave some
figures above, we see that the dot b, initially lying midway
between mark a and the base on March 27, persists in
this same position on April 12, On May 11 the zone from
the base to mark b is 10 mms. long and from b to a 8 mms,
Mark a being near the end of the starch-part, it appears,
that the lower half of the starch-part has grown 2 mms.
more than the upper half, a fairly equal increase of the
two halves during this period. This is quite different from
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what has been found for the sheath-leaf, where only a
larger or smaller piece at the base was growing, while
the rest of the sheath-leaf was taking no part in it or was
even shrinking. From all the following figures, we shall
see that growth may usually be observed over the whole
length of this starch-part of the foliage-leaf. We know
however that a year later as a scale, this starch partofa
foliage-leaf will only grow just as a sheath-leaf in the
more basal part (tables 8 and 9).

From the following data it will appear, that though in
the beginning after the experimental bulbs had been taken
to the greenhouse, indeed the upper part (sometimes the
middle of this starch-part) was most lengthened, yet later
on during the assimilation-period the base of this part
usually grows most vigorously. In this way the fact, that
only the basal part of this organ grows a year later as it
has become a foliage-leaf-scale, is made comprehensible.

We shall now subject the figures to a closer examination.

In bulbs I, VII and VIII, put into the greenhouse on
March 2nd 1923, the total length of the foliage-leaves was’
about 100 mms. On March 8 sectors were cut from the
scales, so that the outer foliage-leaves could be marked
down to the bulb-disc. While on March 8 there is no
question of a store-organ, the length of that starch-con-
taining part appears to amount to 4.5 mms., 4 mms. and
6 mms. respectively in I, VII and VIII (in the greenhouse)
on March 19. )

In bulb I about 2.5 of the lower zones form the starch-
part of March 19. The undermost millimeter does not
grow from March 8 to March 19 (table 10 columns 1, 2, 3),
while the 2nd zone grows 1.4 mms., i.e. 1.2 X its initial
length. The third zone, the lowest part of which only
contains starch on March 19, grows less.

In bulb VII the lower three zones form the store-organ
of March 19. Only the middle one has been lengthened
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from March 8 to March 19, viz. 0.7 mm. (table 11, columns
1,2 and -3).

In bulb VIII (Tab. 12. columns 1, 2 and 3) again the ca.
2.5 lower zones contain starch on March 19. Here again
the undermost zone of 1 mm. has not been lengthened
from March 8 to 19, whereas the 2nd zone has increased
its length with 2.3 mms., and the 3rd zone with 1.7 mms.,
i.e. with 1.5 x and 1.1 X the initial zone-length. While
on March 8 the lower 3 mms. of the outmost foliage-leaf
of these three bulbs show nothing particular, those three
mms. appear to belong to the starch-part of the foliage-
leaf on March 19. As the basal zone was not lengthened
in these bulbs, it is evident that the store-organ is originated
by events inside already existing zones of the leaf and not
by the bulbs-disc. There is no question of a growing out
of the store-organ from the bulb-disc by cell-division, the
limit between foliage-leaf and bulb-disc being a fixed line.
Thin pieces of copper- or silver-wire stuck into the tissue
on that spot, remained on the limit of foliage-leaf and
bulb-disc. after vigorous growth, even of the most basal
zone. The same obtains for the limit of sheath-leaves and
bulb-disc, scales and bulb-disc. _

Consequently both towards the base and towards the
apex the starch-part of the foliage-leaf is an mdependent
whole, inside which growth takes place.

Initially that growth appeared to be slightest at the base
and strongest in the middle of the starch-part in bulbs I,
VII and VIII from March 8 to 19.

In bulbs I and VIII however we observe the most
vigorous growth at the base from March 19 to 27 (see
tables 10 and 12. columns 4, 5, 6).

In bulb VII the middle part even takes a more important
part in the lengthening from March 19 tot 27, (table 11,
columns 4.5 and 6) and not before March 27 to April 12
(columns 7.8 and 9) the two basal zones of the starch-part
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appear to have been most lengthened. On our observing
the growth from March 19 to April 12 the undermost
zone of 0.2 mm. appears to have added 6.5 X its length
of March 19, whereas the following have respectively
increased with 3.3, 3.0 and 2.6 X their original lengths
(table 11, columns 10 and 11).

. While in bulb I the lengthening of the most basal zone
was greatest from March 19 to 27, there may be observed
a stronger growth in the upper half of the starch-part
from March 27 to April 12 (table 10, colums 7,8 and 9),
yet the total lengthening of the basal zone from March
19 to April 12 has been 3 X its length, of the following
zones 0.5 X, 1.7 x and 0.8 X. Only the basal part of the
next zone belongs to the starch-part.

On examining the total lengthening of the lowest and
upper halves, as we did in the case of bulb XIV, we find
that the starch-part of bulb I has grown from 4.5 to 9 mms.
from March 19 to April 12. The dot lying 2.5 mms. from
the base on March 19 (see p. 20) i.e. only 0.25 mm.
above the middle of the starch-part, lies 6.2 mms. from
the base on April 12, i.e. 1.7 mm. above the middie of
the starch-part. If the 0.25 mm. had grown as much as the
total starch-part, this piece had become 2 X 0.25 =0.5 mm.
long, so that the starch-part up to the dot at 6.2 mms.
still lies 1.7 —~ 0.5 = 1.2 mm. too high above the middle
of the starch-part. From this we may conclude, that the
lower half of the starch-part has grown out to 5.7 mms.,
the upper half to 3.3 mms.

In a similar way we find that in bulb VII (p. 20) the
lower- and upper halves, having a length of 2.0 and 2.0 mms.
on March 19, have a length of 9.0 and 5.0 mms. respec-
tively on April 12. In bulb VIII (p. 21) lower and upper
half of the starch-part are 3.1 and 2.9 mms. on March
19; 5.2 and 4.8 mms. on March 27.

In bulb XI (p. 21) the lengths of lower and upper half
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amounting to 2.0 and 2.0 mms. on March 27, amount to
4.0 and 5.0 mms. respectively on April 12. From April
12 to May 11 the lower has grown about 1.5 mm. more
than the upper half.

In bulb XI, taken to the cold greenhouse a fortnight
later, viz. March 17, the most basal zone of the outmost
foliage-leaf did not grow in the beginning, just as with
bulbs I, VII and VIII. The undermost zone indeed is but
0.1 mm., but even when leaving this out of consideration,
it nevertheless appears, that from March 20 tot April 12
the growth increases towards the top of the starch-part
(table -13. columns 1 to 8). This is in accordance with the
fact, that from March 27 to April 12 the upper half of
the starch-part has grown ca. 1 mm. more than the lower
half. From April 12 to May 11 the growth in the most
basal zone appears to have been most vigorous (see table
13, columns 8,9 and 10), so that the increase in growth
of the successive zones was 2.8 xX,0.7 x,0.7 X, 1.0 X and
1.3 X the initial length of April 12, The result is, that
during that period the lower half of the starch-part has
been lengthened by ca. 1.5 mm. more than the upper half.
This may be inferred from the figures of bulb XI p. 21.

From May 11 to June 6 the division of growth in the
starch-part seems to have been rather irregular, (table 13,
columns 11, 12 and 13), the result is, that in the total
increase of 5.8 mms. the lower half has taken about as
great a part as the upper half.

Summarizing we may conclude that with respect to the
bulbs I, VII, VIII, XIand XIV, the reserve-organ attained
a length of 9.0 mms., 14.0 mms., 15.0 mms., 18.0 mms.,
22 mms. and 21 mms. respectively, and that in the whole
period of growth, even in those which were lengthened
most (XI and XIV) the growth of the lower half of the
starch-part amounted to at most ca. 2 mms. more than
of the upper half. This is due to the fact, that the part
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with the strongest growth initially lies some distance above
the base and is not found at the base until later on.

In the bulbs O, J and K, (table 19), which in 1922
were only put in the greenhouse on May 10, the most
vigorous growth appeared to take place directly at the
base of the reserve-organ by that time, just as was found
for the foliage-leaves in 1923 after the initial development
of the reserve-organ. This decrease in growth in the
starch-part of the foliage-leaves from the base towards
the top, is in accordance with the behaviour of this reserve-
organ a year later, as we saw with respect to the scale

of bulb II and bulb L.

We shall now examine the growth of the foliage-leaf~
part lying above the store-organ.

In bulbs VII and VIII the greatest lengthening of this
leaf-part is found from March 8 to 19. (March 8 to 19
means 6 to 17 days after the plants were put in the green-
house). Next the growth decreases.

In bulb I the growth from March 8 to 19 is slighter.
In bulb XI we find the greatest lengthening of this foliage-
leaf-part from March 27 to April 12 ie. during a period
from 10 tot 26 days after removal to the greenhouse, in
this case a temperature of 12 to 13° C.

On our observing the division of growth, it appears
that in bulb VII (table 11) the zone: lying 4.1 tot 5.3 mms.
from the base on March 8, has been lengthened most till
March 19, viz 6.3 X its length on March 8. From that
region the growth decreases towards the top and towards
the base, (col. 3). It may be calculated, that on March 8
the future limit of the part that will be accumulating starch,
lay at ca. 3.3 mms. from the base. The zone 4.1 tot 5.3
mms. which has been maximally lengthened in this period,
lay on March 8 still 0.8 mm. above the future limit of
the reserve-organ. On March 19 this zone of the most
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vigorous growth lies 10.0 to 18.8 mms. from the base,
ie. 6.0 to 14.8 mms. above the 4 mm. long starch-part.

In bulb VIII (table 12) the zone lying 5.5 tot 6.5 mms.
from the base on March 8, had grown most on March 19,
viz. 6.0 X its length. On March 19 it lies between 13 and
20 mms,, ie. 7 to 14 mms. above the 6 mm. long starch-
part. The zone 4.0 tot 5.5 mms., lying on March 19 still
above the starch-accumulating part has grown much less,
ie. 2.3 x its length of March 8. It may be computed that
on March 8 the future limit of the part that will be accu-
mulating starch, lay at ca.. 3.2 mms. The zone 5.5 to 6.5
mms. which has been maximally lengthened from March
8 to 19, lay still 2.3 mms. above the future hmlt of the
reserve-organ on March 8.

Though in bulb I the growth was shghter and the
maximal lengthening only amounts to 2.2 and 2.4 X the
length on March 8, here too we find that the zones 4.8
to 6.5 and 6.5 to 8.2 mms. from the base have been maximally
lengthened, (table 10 columns 1,2 and 3). The zone below
it of 3.3 to 4.8 mms. on March 8 still lies 0.4 mm. above
the part growing out to reserve-organ. Yet this zone has
only increased 0.8 x. Here too the zone directly above
the starch-part is not the one that has been maximally
lengthened. A

The lower limit of the maximally growing zones of the
foliage-leaf-part lying above the store-organ, lies in bulbs
VII, VIII and I, in the period in which the starch aggre-
gation is going to begin, on March 8 at least 0.8, 2.3
and 1.9 mms. above the future starch-part.

In bulb XI (table 13 columns 1,2 and 3) the lengthening
from March 20 to 27 is strongest in the zone lying 6.8
to 7.8 mms, from the base on March 20. The lower limit
of this zone surely lies 2.3 + 1.3 = 3.6 mms, above the
starch-part, for besides the zones 5.2 to 6.8 mms. and 4.5
tot 5.2 mms. (together 2.3 mms.) we must add by far the
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greater part, viz. 1.3 mm. of the zone 3.0 to 45 mms.,
because it appears, that on March 27 only 0.2 mm. of
that zone belongs to the starch-part and on March 20 there
certainly did not belong more to it.

From March 27 to April 12 (columns 4,5 and 6) the
maximal lengthening (i.e. 4.6 X ) is attained by the zone
58 to 7.3 mms. of March 27, that is the lower side of
this zone is still 1.8 mm. above the starch-part. From that
maximally growing zone the growth decreases towards the
top both from March 20 to 27 and from March 27 to
April 12, .

From March 19 to 27 we find the greatest lengthening
in bulb I (table 10 columns 4, 5, 6 and 7) in the zone
7.8 to 9.0 mms., i.e. in a zone of which the lower side
is 3.3 mms. above the starch-part.

During this period the maximal lengthening in bulb VII
(table 11, columns 4, 5, 6 and 7) appeared in the zone
still partly belonging to the starch-part on March 19, viz.
the zone 3.3 to 4.5 mms., while the zone 1.0 to 2.0 mms.
in the starch-part grows about equally fast. Here there-
fore there is but a slight maximum above the starch-part.

In bulb VIII (table 12, columns 4, 5 and 6) from March
19 to 27 the zone 6.8 to 8.5 mms. lying 0.8 mm. above
the starch-part with its lower side on March 19 has added
1.9 x its length, the two above it 1.5 and 2.0 X their
initial lengths. Here too the maximum is less pronounced.

In bulb XI (table 13, columns 8, 9 and 10) in the period
of April 12 to May 11 the slight maximum of 1.6 X is
attained by the zone lying on April 12th 15.0 to 17.3 mms.
from the base, i.e. 6 to 8.3 mms. above the starch-part.

If the growth of the foliage-leaf-part lying above the
store-organ becomes still slighter as in bulbs I, VII and
VIII in the period from March 27 to April 12, there is
only in the case of I a lengthening worth mentioning in
the zones lying no farther than 9.0 mms. from the starch-
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part on March 27. The zone partly belonging to the
starch-part, shows the most vigorous growth (table 10,
columns 7, 8 and 9).

In bulb VII where the growth is also very slight in
this period there is a slight growth in the zones lying no
more than 8.0 mms. from the starch-part (table 11 columns
7. 8 and 9). In bulb VIII at least we find most growth in
the zones lying no farther than 12,5 mms. above the
starch-part on March 27 (table 12, columns 7, 8 and 9).

It is evident, that when the growth of the foliage-leaf-
part above the reserve-organ is arrested, it is longest
continued in the zones lying close above the reserve-organ.
The growth in this leaf-part therefore diminishes basipetally.

On considering the growth of the whole foliage-leaf
once more during the assimilation-period, we appear to
have to deal with two parts. An initially small zone of
some millimeters’ length differentiates into ‘reserve-organ
by growth, initially strongest in the middle or in the highest
part bordering on the further leaf-part, while later on at.
the base that growth is strongest and continues longest.

Of the foliage-leaf-part above the reserve-organ the zones
with maximal growth with respect to this whole foliage-
leaf-part lie very close to the top of the starch-part, but
during the period that the leaf is growing vigorously there
was a zone of 0.8 to 3.6 mms. between the zone of maximal
growth and the reserve-organ, which was lengthened to a
lesser degree. The cessation of growth is accompanied by
the disappearance of a conspicuous maximum, only the
zones immediately above the starch-part continue lengthening
by that time. Both in the starch-part and the folia