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1
Tussendringende groei en de spoelvorm zijn kenmerken die voor procambium-
cellen en de lange cambiumcellen beide gelden.
Dit proefschrift.
2.
De mate van predifferentiatie van xyleem met betrekking tot de floeemdifferen-
tiatie in het procambium van de nerfuiteinden van het blad, is afhankelijk van
de vochtpotentiaal in en rondom het blad.
Dit proefschrift.
3.
De differentiatic van primair xyleem moet functioneel als een vergroting van
de apoplastruimte in de procambiumstreng worden beschouwd.
Dit proefschrift.
4,
Voor de morfogenese van de nerfuiteinden is de apoplastische, acropetale tran-

spiratiestroom met de daarin voorkomende stimuli, het belangrijkste.

Dit proefschrift.
*

5.
Het maken van een theoretisch model voor de morfogenese van een biclogische
structuur is slechts zinvol als dit gepaard gaat met nauwkeurige waarnemingen
van de ontogenie.
MEINHARDT, H., 1978. Rev. Physiol., Biochem. Pharmacol. 80: 47-104
1979. Biologie in unserer Zeit 9. 33-39
1984, In: Barlow, P. W. and D. J. Carr (¢ds.}. Positional controls
in plant development. Cambridge Univ. Press. Cambridge,
London, New York, New Rochelle, Melbourne, Sydney
MirrcHisoN, G. J., 1980. Proc. R. Soc. Lond. B 207: 79-109
1981. Phil. Trans. R. Soc. Lond. B 295: 461-471.
6.
De presentatie van anatomische gegevens van een ‘typical’ kleine nerf, berustend
op enige, tamelijk willekeurig gckozen dwarse doorsneden van kleine nerven
uit het blad van Amaranthus, is onbetrouwbaar.
FisHER, D. G. and R. F. EVERT, 1982. Amer, J. Bot. 69: 1375-1388.
7.
De formulering: ‘the phloem accompanies the xylem” met betrekking tot de nerf-
viteinden van het blad, is morfogenetisch onjuist.
Esau, K., 1969. Handbuch der Pflanzenanatomie, 2 Aufl, Bd 5 Teil 2, Zim-
mermann, W, P. Ozenda und H. D. Wulf, Beriin-Stuttgart
1977. Anatomy of seed plants. 2nd ed. John Wiley and Sons.
New York-Santa Barbara-London-Sydney-Toronto.
8.
De opvatting dat de plasmodesmata ‘die Bahnen liefern fiir den Stofftransport
zur Ernéhrung der Zellen, denn die Organisation der Pflanzen mit ihren rigiden
Zellwinden hat die Differenzierung von interzelluliren R4umen zu Transport-
bahnen nicht erlaubt’ is onjuist.
KremiG, H. und P. S17TE, 1984. Zellbiolegie. Ein Lehrbuch. Fisher. Stuttgart-New
York.




*

9.
Een homogeen, doordacht, didactisch gefundeerd onderwijsprogramma, lei-
dend tot een optimaal verlopend leerproces, kan niet worden verwacht op basis
van democratische besluitvorming, politieke uitgangspunten of vele wensen van
alle meer of minder betrokkenen.

10.
Een vergaande verstrengeling van de morfologie, anatomie en cytologic in ¢én
onderwijselement is strijdig met de beoogde duidelijkheid van opzet van het on-
derwijs in ieder onderdeel, en draagt niets bij tot het inzicht in de morfologie
in brede zin.

11.
In het universitair onderwijs vormt het bezit van vak-didactische ervaring in
steeds hogere mate een handicap voor de docent.

12.
De lange praktijktijd van studenten als deel van het onderwijs aan de Landbouw-
hogeschool is meer in het belang van de onderwijsinstelling dan van de student.

*

13.
Pianning van fundamenteel onderzogk leidt tot onderzoek dat niet fundamenteel
is.

14.
Het pleidooi voor het stimuleren van de geboorten door het CDA (Weijers,
NRC, 26-06-1985) kan rationeel beschouwd slechts gebaseerd zijn op religicuze
opvattingen betreffende de voortplanting.

15.
Dat het Nederlandse publick genoegen neemt met de hyperbetutteling in het
omroepbestel door de overheid, moet zijn ocorsprong hebben in een zeldzame
tolerantie jegens elkanders roeping tot het bedrijven van zendingsactiviteit.

16.
Middels het op veel plaatsen overmatige aantal lantaarnpalen maakt het ge-
meentebestuur het publiek er op heldere wijze op attent dat de kas nog overvloe-
dig gevuld is.
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INTRODUCTION

Transport, rigidity and leaf shape are aspects belonging to the functions of
the venation of a leaf. The function of transport of the free vein endings, last
developed within an areole, is suitable for studying the ontogeny of the vein
endings, also in case of changes of type of climate. Leaf shape and rigidity which
vary little along the Hedera stem, permit such a study.

Examinations of the influence of the climatic conditions on the anatomy of
the vascular tissue mostly concern the secondary vascular tissue, especially the
wood (Baas, 1973; CarrLouist, 1975, 1977). It is important, however, to study
the influence of the climate on primary vascular tissue, especially in leaves, be-
cause changes of climate likely affect more directly the origin and the develop-
ment of this primary vascular tissue. For example a change of the rate of transpi-
ration through the stomata does affect the ontogeny of the vascular tissue in
the leaf. In submerged plant parts sometimes no xylem occurs in the smaller
vascular bundles; if present, the xylem is relatively poor developed (Esau and
Kosakal, 1975; Esau, 1975). These observations suggest a reduction of the dif-
ferentiation of xylem under very wet circumstances.

Since the variability of the structure of vein endings in a leaf is enormous
(cp. STRAIN, 1933), at first the need of finding some ordering principles in this
great variability arised. PRAaY (1955) remarked ‘that some new ontogenetic fac-
tor, which previously had not been operative during the differentiation of the
earlier developing portion of the venation, has become effective’. These free vein
endings originaic more independently of, and later than the remaining venation
in the leaf development. Vein endings develop progressively from strands deli-
miting the ultimate areoles (PrAY, 1955). An influence of the climatic conditions,
notably the relative humidity, will probably be expressed at first in the develop-
ment of the vein endings. Moreover from the end of the sixties interest arised
in the anatomy of the vein endings in connection with the study of the sugar
accumulation into the phloem of these veinlets in green leaf tissue (e.g. GEIGER
and CaTaLDO, 1969; GEIGER, MALONE and CATALDO, 1971; FELLOWS and
GEIGER, 1974; TURGEON, WEBB and EverT, 1975; TURGEON and WEsB, 1976;
FisHer and EverT, 1982).

When analyzing the structure of the vein endings the basic question arises
why during the initiation of the vascular tissue in bundles the differentiation
of the xylem turns out to be so strictly connected with the differentiation of
the phloem. Would the study of the ontogeny of the vein endings provide more
clarity in this matter? Perhaps this provides a contribution to the resolution
of the problem: whalt is a vascular bundle, To take up the probiem three ques-
tions can be formulated: does the structure of the vein endings in green leaf
tissue differ from that in white leaf tissue without chloroplasts, or to what extent
a structural response can be perceived to different physiological conditions ar-
ound the developing vein endings; does the structure of the vein endings, differ-
entiated in leaf tissue in very dry climate differ from the anatomy of those veinlets
differentiated in very wet climate, or can the water potential affect the anatomy
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of the vein endings; and finally the question: can a change in the anatomy of
the vein endings in response to different climatic conditions be explained on
the basis of the ontogeny, or at which moment in the developmental process
the change does appear. This way of approaching to the problem provides in-
sight into the morphogenesis of the vein endings and not only this, but also
as to how far this structure is a response to wet and dry conditions.

As experimental plant Hedera canariensis Willd. var. ‘Gloire de Marengo’
is very suited for trying to answer the questions above-mentioned. This chimeral
plant has varicgated leaves. The type of variegation is characterized by several
shades of green centrally of the leaf and irregular areas of white marginally.
Besides totally white shoots did arise of which the white leaves have some small
chloroplasts in the epidermis only, especially in the guard cells. This plant is
able to grow and develop well in a conditioned growth cabinet in a cooled pot-
ometer with an aerated nutrient solution. In the cabinet the long and flexible
stems grow unlimited and regularly and can be led easily. These stems form
many nearly identical leaves. The leaves have many free vein endings in the meso-
phyll and these vein endings show a great number of tracheids at their distal
ends. The volume of these tracheids does vary experimentally. The leaves of
Hedera show a broad structural adaptability under several climatic conditions
(WATSON, 1942; WYLIE, 1943). This change of leaf anatomy under the influence
of change of climate can be studied by means of these long stems with many
leaves, also during the ontogeny. Finally it turns out to be possible to elaborate
the vein endings in the Hedera leaf well microtechnically, and the growth of
these vein endings can be expressed well by means of mathematical equations.

The regular occurrence of a distinct maximum of the number of tracheids
near the distal extremity of the phloem in the vein endings, that soon became
apparent, made one think also of the xylem differentiation being influenced by
the differentiation of the phloem, at least under sink conditions. For this reason
totally white leaf tissue and later totally white shoots have been used in these
examinations.

After gaining an insight into the structure of the vein endings of the Hedera
leaf and the specific influence of the relative humidity on this structure, the ques-
tion of the ontogeny arised, also with a view to a possible more accurately direct-
ed, experimental approach to the problem.

Then the question still exists how the venation comes into being and what
the cause might be that there is a response to particular conditions. Models
are known concerning the venation, and these models can be compared with
the results of our examinations into the venation of the Hedera leaf. Physiologi-
cal stimuli influence the realization of the structure, but these stimuli are tied
down to this structure also.

Finally the morphogenesis of the vein endings and the role of possible differen-
tiation stimuli is discussed. In this discussion the different theories of the devel-
opment of vein endings (as MEINHARDT, 1979; MiTcHISON, 1980, 1981) are in-
volved. In their studies the anatomical structure of the developing tissue is not
involved in the theoretical considerations.
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ABSTRACT

In variegated and totally white leaves of Hedera canariensis Willd. var. *Gloire
de Marengo’, the anatomical structure of the vein endings has been studied by
means of serial cross-sections through each analysed vein ending. Two groups
of observations were made: a comparison in structure between vein endings in
green and in white leaf tissuc and a comparison in structure between vein endings
in white leaf tissue in a very dry (7.0 £ 2% r.h.) and in a very wet (97.0 + 2%,
r.h.) atmosphere. The elements of the phloem in the vein endings are sieve ele-
ments (se), intermediary cells (ic; companion cells included) and vascular paren-
chyma cells (vp). In the xylem trachcids with spiral thickenings (tr), and vascular
parenchyma cells (vpx) have been found. In general one may find four different
zones along a vein ending: I, (part of the vein ending with sieve ¢lements), 1
(distad of I, containing intermediary cells), 1, , (distad of I, containing vascular
parenchyma cells in a direct line with the distal end of the zone I} and 1, (at
the ultimate extremity of the vein ending, containing only tracheids and some-
times vascular parenchyma cells belonging to the xylem). The percentage of liv-
ing elements decreases fairly regularly in the direction of the distal extremity
of the vein ending, whereas the percentage of tracheids increases. The average
length of the extremities of the vein endings without sieve elements (I, — 1) is
independent of the total length of the vein ending (1,). It has been possible to
construct a model of a vein ending with a rather constant type of curve when
relating the xylem part of the vein ending with the phloem part. This curve shows
a distinct maximum, situated near the distal end of the zone 1. It was found
that under influence of the presence of the zones i and 1, this tracheid maximum
shifts to a more distal position. Any part of a vein ending consisting of e.g.
the zones I, +1,, + 1y, 1,, + 1, or 1, may also be found as lateral branches of
the vein ending. The point of branching may occur on any spot along the vein
ending; however, the zones I and |, are continuous each and are connected
with a zone l,.. The rather constant length of the extremities (1, — ;) of the
vein endings in a given climatic condition is significantly longer, however, in
a very dry atmosphere than in a very wet atmosphere. Models have been con-
structed of vein endings in very dry and in very wet atmosphere. The tracheary
volume of the ultimate endings formed in a dry climate, turned out to be 1.9
times as great as those produced under wet conditions. The possibility of the
distal extremity of the phloem being a sink of differentiating factors for the
xylem is discussed.

INTRODUCTION

In the leaves of Hedera canariensis Willd. var. ‘Gloire de Marengo’ (a clone,
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propagated vegetatively; CHRISTENSEN, 1976) ‘freely ending veinlets’ (vein end-
ings or veiniets for short) occur in the areoles. Near the distal extremity of these
veinlets one tracheary element may be found in transections of the shortest vein-
lets and up to 26 tracheary elements occur in transections of the longer ones.
Leaves of Hedera show a broad structural adaptability under several climatic
conditions (WATSON, 1942; WYLIE, 1943a). The leaves do not have bundle sheath
extensions (WYLIE, 1943b; SHERIFF and MEIDNER, 1974), a xeromorphic charac-
teristic. The number of tracheids forms an important water reservoir at the distal
ends of the veinlets, completely isolated from the transpiring epidermis for some
time (WYLIE, 1943b). Especially under dry circumstances these ‘storage tra-
cheids’ (PraY, 1954) play an important role in loading into the terminal sieve
elements and during basipetal transport of assimilates within sieve elements (see
PATE, LAYZELL and ATKINS, 1980).

This HEDERA is a chimeral plant with plastid variegations. The type of variega-
tion is characterized by several shades of green centrally of the leaf and irregular
areas of white marginally. There is also a difference in pattern between the two
surfaces of leaves; this is an important characteristic of true variegations that
are of genetic origin (DERMEN, 1960). STEWART (1966) concluded from observa-
tions of plastid variegations in English Ivy, that up to five independent histogenic
layers could exist in the leaves. Totally white shoots are of GWWW composilion
which means that its white leaves have some chloroplasts in the epidermis only.

The anatomical structure of the minor veins and the vein endings has been
investigated several times (e.g. FISCHER, 1885; Pray, 1954, 1955h; MORRETES,
1962; Esau, 1967, 1972; Esau and HorrerT, 1971; and TURGEON, WEBE and
EvERT, 1975). Esau (1967} and Esau and HoererT (1971) found that the con-
ducting cells in the phloem of minor veins are typical angiosperm sieve elements.
Special interest for the types of vascular parenchyma cells in minor veins has
been given by Esau (1973) in Mimosa pudica L. She clearly distinguished com-
panion cells and parenchyma cells, the companion cells having denser protop-
lasts. But in the beet (Esau, 1967) the companion cells in the minor veins of
the leaves cannot be singled out specifically because other cells in the vicinity
of the sieve elements may have the same appearance. The parenchyma cells
usually resemble the companion cells in density of cytoplasm. Many names for
these parenchymatous elements in vein endings have been used. They constitute
a group of cells that intergrade in function and structure (Esau, 1969). In this
article the parenchymatous elements will be indicated as intermediary cells (see
Esau, 1969; TURGEON, WEBB and EvirT, 1975) when these cells are relatively
ticher in cytoplasmic contents than are the other vascular parenchyma cells in
the phloem and when they are in contact with a sieve element. The other paren-
chyma cells in the phloem will be called vascular parenchyma cells.

The intermediary cells of the phloem are functionally ‘transfer cells’ in the
sense of (GUNNING, PATE and BRIARTY, 1968 (Esau, 1972). In the white leaves
of Hedera these intermediary cells could function as permanent sinks for the
translocated carbohydrates. The contents of the intermediary cells indicate me-
tabolically active protoplasts.
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It is well established that all important phytohormones can move within the
sieve tubes (cf. ZIEGLER, 1975). The differentiation of sieve tubes precedes that
of tracheary elements as in major and minor venation (Pray, 1955a, b, ¢); as
in the stem referred by Esau (1963); as in callus (ALoNI, 1980). ALoNI (1980)
proposed that phloem is formed in response to auxin, while xylem is formed
in response to auxin together with some added factor which reaches it from
the phloem. Sucrose may reach the differentiating tracheary elements from the
free space (ESCHRICH, 1980).

In submerged plant parts sometimes no xylem occurs in the smaller vascular
bundles; if present it is relatively poor developed (Esau and Kosaxal, 1975;
Esau, 1975). These observations suggest a reduction of the differentiation of
xylem under very wet circumstances.

This anatomical study analyses the differences in vein endings under wet and
dry conditions.

MATERIALS AND METHODS

Piant material and culture conditions

The first group of observations was made on the veins of one variegated leaf
of Hedera canariensis Willd. var. ‘Gloire de Marengo’ (Fig. 1), grown in a green
house under conditions normally prevailing in summertime with a dayly temper-
ature range of 25 + 12°C and with a maximum light intensity of about 15,000
lux. The pieces of ieaf tissue fixed for examination were chosen out of green
and white parts in such a way that more or less corresponding spots in the leaf
were used in respect of the larger veins of the leaf. All figures and tables concer-
ning the results of this first group of observations have been given the indication
‘(green house conditions)’ in the text belonging to them. The second group of
observations was made on leaves grown in a conditioned growth cabinet (Weiss,
W. Germany). The first part of this second group of experiments was made
with one varicgated leaf on a plant grown in an atmosphere of 7.0 + 2%, relative
humidity (r.h.) (dry climate) and a light intensity of about 16,000 lux at plant
level (Fig. 16). From this variegated leaf only white parts were fixed. The second
part was done with ong entirely white leaf in an atmosphere of 97,0 4+ 297 r.h,
(wet climate) and a light intensity of about 14,000 lux. The dark period of both
parts of the second group was from 20.30 p.m. unto 08.00 a.m. and the tempera-
ture was controlled at 31°C + 1°C during the light period and 21°C + 0.5°C
in the dark period. The lamps used were Philips HPI/T 375 W mercury halide
and the air velocity in the cabinet 0.4—0.5 m/sec. In the culture chamber the
relative humidity was measured by means of the dry and wet bulb method mak-
ing use of a calculation ruler based on the Mollier diagram relating air tempera-
ture, dew-point and water content of the air. Light intensity was measured with
a Metrawatt lux meter (Metrux K, cos. corrected). The Hedera plant of the
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second group of observations grew in a potometer consisting of a ‘perspex’ acry-
late vessel, darkened by a plastic foil. This vessel had double walls and was cooled
by means of a refrigerating system. A Hoagland nutrient solution modified by
STEINER (1968) was aerated and renewed after three days., Around the vessel
opening the stem was secured by means of a split rubber stop with lanoline
paste.

Measurements of transpiration have been done with the potometer method
determining the water absorption of the whole plant every 24 hours. Growth
curves have been made of the leaves. The examined leaves grown in a dry or
wet climate were fixed 6 respectively 12 days after reaching their final laminar
length.

Microtechnigue

For the first group of observations round (Fig. 1), for the second square lcaf
tissue pieces (25 mmz) were punched out and immediately fixed in FAA. The
air in the tissue was extracted, the tissue was dehydrated with the TBA method
and embedded in paraplast (Lancer, Sherwood) paraffin wax. Transections of
7 pm were made with a Leitz rotary microtome and stained with safranin and
fast green. The flattening out of the ribbons has been dong carefully. Samples
which had been cut cross-wise entirely or nearly so along the whole length of
the vein endings were selected. As the vein endings may point at any direction,
this selection is indifferent. The vein length was estimated by multiplying the
number of sections by 7 um, and corrected by means of estimating microscopi-
cally the angle of obliqueness and calculating the real distance. In the second
group of observations the straight sides of the sections were used; calculating
of vein length was therefore possible by means of the number of sections and
the possible change of distance to the straight edge of the sections. All analysed
veins are in sequence of finding them in the slides in that way. All observations
were made with a Wild microscope using oil immersion and 1,500 x magnifying
optics. Determining of the surface areas of cross sections of tracheids has been
done with camera lucida drawings of the transcctions and after that using an
image analyser (MOP-30 of the firm Kontron, W. Germany).

Statistical methods

Statistical analysis and tests of significance were by Wilcoxon’s test. Signifi-
cances were determined between green and white leaf tissue concerning vein
lengths in groups of veins with and without phloem, phloem lengths, numbers
of tracheids in the tracheid maxima and the total amount of transections of
tracheids in relation to the total amount of transections of sieve elements. Also
the Student’s t-test was applied to determine possible significant differences be-
tween vein lengths, vein lengths minus phloem lengths and numbers of tracheids
in the tracheid maxima between dry and wet conditions.
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RESULTS

The composition of vein endings

In the used Hedera the irregular white leaf margins (Fig. 1) and the totally
white shoots contained small chloroplasts only in the epidermis, especially in
the guard cells. The central green parts of the leaf mostly contain 4-6 layers
of cells in the middle of the mesophyll with large chloroplasts.

The free vein endings can be devided into six types (Fig. 2). In the vein endings
with phloem (i.e. vascular tissue with one or more sieve elements) the most distal
end of the xylem (i.e. vascular tissue with onc or more tracheary elements) always
differentiates beyond the last sieve elements of the vein endings. The elements
of the vein endings are mentioned in Table 1.

FiG. 1. Hedera canariensis: variegated leaf used for analy-
sis of veinlets in three circular pieces of green tissue {(dot-
ted) and white tissue (green house conditions).

1 2 3 4 5 6
- + - - += ++
not rami- not rami- ramified, ramified, ramified, ramified,
fied fied phloem ends phloem ends phloem ends  phloem ends
vein ending vein ending before point at the poinr in one of in beth
of branching of branching the vein vein endings
of vein of vein endings
andings endings
. , . 1 . . .
Fic. 2. Six types of vein endings. = phloem,_ = xylem, + = phloemin veinending,

— = no phloem in vein ending.

! Symbols:

= phloem, i.e. vascular tissue with sieve elements (se)
===~ = phloem with intermediary cells {ic) only

..... = phloem with vascular parenchyma cells (vp) only

= xylem, i.e. vascular tissue with tracheary elements (tr)
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TARLE 1,

Phloem Abbrev. Xylem Abbrev.
sieve elements se tracheids with tr

spiral thickenings
intermediary cells vascular parenchyma
{companion cells cells vpx
included) ic

vascular parenchyma
cells vp

vpX

tr

vp

se

abaxial

F1G. 3. Transection of vein ending not far from the distal end of the vascular bundle. It shows
an amphivasal structure. ic = intermediary cell, se = sieveelement, tr = tracheid with spiral thicken-
ings, vp = vascular parenchyma cell, vpx = vascular parenchyma cell in the xylem.
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Anatomy of the vein ending

The sieve elements of the veinlets are very small in cross sections (Fig. 3).
Their walls are mostly straight, somewhat rounded in the corners and slightly
thickened showing a bright colour after staining with fast green. These extremely
narrow elements mostly show nearly any cytoplasm. The sieve elements can
nearly always be found in the middle of a small group of much larger parenchy-
ma cells (Fig. 3). The sieve elements never become obliterated. The intermediary
cells are much larger than the adjoining sieve elements. These cells have dense
cytoplasm and a large distinct nucleus, mostly situated near the wall bordering
upon the sieve element. The one or two intermediary cells that sometimes pro-
trude beyond the last sieve element of the veinlet, are in terminal contact with
that sieve element.

The vascular parenchyma cells do not have markedly dense cytoplasm and
they have a large vacuole (Table 2). In between and next to the tracheary cle-
ments vascular parenchyma cells can be present also. The limitation between
vascular parenchyma cells in the xylem and those in the phloem is not sharp.
Parenchyma cells isolated from the cells around the complex of sieve elements
and intermediary cells by tracheary elements will be regarded as belonging to
the xylem in this article. The limitation to the cells of the bundle sheath is un-
sharp, especially in the distal part of the vein ending. The vascular parenchyma
cells in the xylem are usually as small as medium-sized tracheids and smaller

TasLE 2. Detail of 14 sections (14, distad — 29, proximad) of a complex of 4 parenchyma cells being
in a direct line with the distal end of the phloem complex of the veinlet. The configuration of the
parenchyma cells is a square of 4 cells. The parenchyma cell with most cytoplasm (ic) adjoins the
distal sieve element in section 28.

For abbreviations see Table | and: central vac. = wvisible central vacuole {+); n = nucleus (cut
in the section}); pl = section of the cell almost entirely filled up with cytoplasm; vp 1-3 = vascular
parenchyma cells 1-3 (white leaf tissue, dry climate).

ic vpl vp2 vp3
Section Cyto-  Central Cyto-  Central Cyto-  Central Cyto-  Central
ne. plasm  vac. plasm  vac. plasm  vac, plasm  vac.
16 pl
17 pl +
18 pl + pl +
19 pl + +
20 pl E + +
21 + + + +
22 pl ol + +
23 n + + +
24 n + n
25 n EI
26 n I_?_' + +
27 + + +
28 pl + + +
29 pl pl + +
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prloem
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Zareatr
Sseicvp g
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Arm 320 — 144 _ 108 — 29 _ 0
Ise lic tvp Itr
proxirnal end Iy distal end

F16. 4. Analysis of vein endings with phloem in white leaf tissue {growth cabinet).

A. Schematic drawings of sections of the vein endings at the place of the proximal ends (1), of
the distal extremities of the phloem parts with sieve elements (2), of the phloem parts with intermedi-
ary cells and vascular parenchyma cells only (3), of the phloem parts with vascular parenchyma
cells only (4) and of the parts with tracheids only (5). Cells of the bundle sheath are not given.

B. Diagram composed of values calculated as averages of 10 vein endings in total, 3 in dry climate
and 7 in wet climate.

Abscissa: average length in pm, reckoned from the tip, of: lengths until the distal extremity of vascu-
lar parenchyma cells, lengths until the distal extremity of intermediary cells and lengths until the
distal extremity of the sieve elements. The vein endings were 320 um long on an average. Ordinate:
averages of the (2 transections area tr/number of se + ic + vp) values® in the sections of 10 vein
endings at the place of the distal extremity of the sieve elements (117) of the intermediary cells
{148) and of the vascular parenchyma (93). Near the proximal end this value amounts to 37.

For abbreviations ses Table 1 and: I, = length with sieve elements, etc., |, = length with tracheids
only or with vascular parenchyma cells in addition (vpx), [, = average length of the 10 vein endings.

2 Calculation for each veinlet; £ transections area {r means the sum of the section areas of the total
of tracheary clements per transection; number of se + ic + vp (denominator) means the sum of
the number of sieve elements, intermediary cells and vascular parenchyma cells in the same transec-
tion. Along the zone L, the denominator is variable; distad of the zone 1., it is kept constant with
a value as in the distal extremity of the zone L, cp. Fig. 13.

(Z transections area tr/uumber of s¢ + ic + vp)is abbreviated as (Z area tr/X se, ic, vp}.

8 Meded. Landbouwhogeschool Wageningen 83-6 ( 1983 )




vp

p—
10 _um

{l
Ise i lig

F1G. 5. Detail of a small connecting vein of white leaf tissue (dry climate; see also Fig. 15B) at
the distal end of the zone 1, and the proximal extremity of the zone |;..

In the intermediary cell on the right hand side (ic) some plasmolysis has taken place at the proximal
extremity. The vascular parenchyma cells (vp) only have a thin layer of cytoplasm against the walls
{not drawn).

l;, = zone with intermediary cell, l,, = zone with sieve element, n = large nucleus in ic, se =
terminal sieve element, from which the contents are not drawn; the walls are thickened especially
in the corners (these terminal sieve clements are sometimes wider and they often have more cytoplasm
than the other sieve elements}, tr = tracheary element.

than the neighbouring cells of the bundle sheath. These cells possess large vac-
noles and less dense cytoplasm.

The tracheary elements are tracheids with spiral thickenings of the walls. The
tracheids are very small and obliterated sometimes (protoxylem) or they are
larger up to very large and intact (metaxylem).

Close to the distal end of the veinlets the vascular bundle often becomes am-
phivasal, i.e. the tracheary elements completely surround the phloem (Fig. 3).
Adjacent to and in a direct line with the distal end of the phloem with sieve
elements, usually a narrowing complex of parenchyma cells occurs towards the
ultimate top of the veinlet (Fig. 4A). In this complex of parenchymatous ele-
ments often one or two cells are found in direct contact with the distal extremity
of the distal sieve element (Fig. 5). These cells have dense cytoplasm and large
nuclei and will be called intermediary cells also (Table 2, Fig, 4A). In the direc-
tion of the ultimate top of the veinlet in a direct line with-the distal end of these
intermediary cells, frequently some parenchymatous elements will follow. In the
majority of veinlets these vascular parenchyma cells have distinctly less dense
cytoplasm. Still nearer to the ultimate top of the veinlet only tracheids and some-
times also some vascular parenchyma cells constitute the top of the veinlet.

Analysis of vein endings
The vein ending can be divided in four zones (Fig. 4B).

— Zone 1: 1, = length of the vein ending along which sieve elements can be
found,
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— Zone 2: 1;, = length of the vein ending with intermediary cells (no sieve ele-
ments);

- Zone 3: 1, = length of the vein ending with vascular parenchyma cells (no
sieve elements and no intermediary cells);

—~ Zone 4: 1, = the most distal part of the vein ending in which only tracheids
and sometimes also a few vascular parenchyma cells among them (vpx).

The vascular parenchyma cells of the xylem (vpx in zone l;) abut on the tra-
cheids and the cells of the bundle sheath. In general these cells are not in direct
contact with the cells of the phloem.

This division in zones is not always complete: the zones I, l;c or 1,, may be
lacking. Finally the limits are not always sharp. The limit between the zones
l,. and 1, is nearly always distinct. In one case this line could be drawn sharply
only after some difficulty because of the occurrence of an intermediary cell in
a direct line with a terminal sieve element and the fact that the general shape
and the thickness of the wall of the intermediary cell was similar to that of the
adjacent sieve clement. Because this intermediary cell had among other things
much cytoplasm and a large nucleus with distinct nucleoli, the identification
could take place without doubt. The limit between the zones l,.and 1,, was deter-
mined by comparing the density of cytoplasm of an intermediary celi with the
density of the more distal oriented vascular parenchyma cells.

In one variegated leaf (Fig. 1) 33 vein endings were analysed of which 16
vein endings differentiated in the green leaf tissue and 17 vein endings differen-
tiated in the white tissue. In both parts of the leaf 10 vein endings have been
analysed in which a zone 1, was present, i.e. the types 2, 5 and 6 according
to Fig. 2.

Classes of vein length in the vein endings

In Table 3 some results of vein length are given; the analysed vein endings
are arranged into groups of 100 um difference in length each. In every group
the average values were determined of the total length of the vein endings (1),

TaBLE 3. (Green house conditions)

Total Lengthofvein T, Lee I, -Lo % of I,
number  endings, pm

green

1 0-100 80 14 66 82,5
1 100 - 200 110 40 0 63,6
8 200-300 259 129 130 50,0
0 300400 - - - -
white

0 0100 - - - -

5 100 - 200 168 65 103 61,2
4 200-300 260 157 102 38,0
1 300400 377 265 112 29.7
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FiG. 6. Diagram of the mean values of the total length (I} and of the length of zone |, (I;) per
group of vein endings. Each following group of vein endings is 100 ym longer. The number of
vein endings in each group is noted above (variegated leaf, green-house conditions).

of the lengths of I, (I..), of the lengths of (T, — I.) and of (T, — 1.} as a percentage
of .

From Table 3 it becomes clear that the length of the extremities of the vein
endings (1, — 1..) becomes proportionally smaller (in %, of 1,) as the veinlet length
(I,) becomes longer.

In the diagram of Fig. 6B the mean values of the total length and the length
of zone 1 are given. There is a tendency (owards a rather constant value of
the length of the xylem tips (1, — L) of the vein endings independent of the length
of the veinlets in white leaf tissue. Fig. 7 is a detailed representation of one vein
ending in white tissue. A tendency exists to a maximum of the calculated sum
of areas of transections of tracheids (2 area tr). This maximum coincides approx-
imately with the maximum number of tracheids in one transection. The position
of this tracheid maximum also coincides approximately with the position of the
extremity of the zone 1.

It may be noticed that the terminal sieve element appears wider; this phenome-
non can be found frequently, but not in every veinlet. In this terminal sieve
¢lement more cytoplasm is often present too. Itis also evident that the tracheids
of the distal end of the veinlet are wider (metaxylem) than those of the proximal
end {more protoxylem).

The position of the tracheid maximum

The position of the tracheid maximum has been located for 33 analysed vein
endings of one variegated leaf (Fig. 8). The numbers of tracheids at the proximal
end of most analysed vein endings are approximately equal in both green and
white leaf tissue; the short vein endings in D possess a somewhat grealer number
of tracheids. The maximum number of tracheids in the vein endings with a zone
L. (e = 15um)is about 20.

In white tissue this tracheid maximum is always situated in the vicinity of
the extremity of the zone I, (in 10 out of 10 analysed vein endings) and in green
tissue there seems to be more diversity: the tracheid maximum has been found
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F1G. 7. One vein ending in white leaf tissue of type 2 (see Fig. 2). Variegated leaf, green house
conditions. Abscissa: length of the vein ending 1, and of the phloem with sieve elements (I, with
sieve elements sg, etc.). Ordinate: calculated sum of areas of transections of tracheids (I area tr)
in each transverse section of the veinlet and for the transections of sieve elements (X area se) in
;.unz. The number of tracheids is noted belonging to each transection.

to occur at the proximal side of the extremity of I, (1 x ) and also at the distal
side of the extremity of 1, (4 x ). In the vein endings without a zone I, (types
1, 3 and 4) the tracheid maximum is always close to the proximal end of the
veinlet in white leaf tissue. In green tissue this tracheid maximum may be found
also further removed from the proximal end. The results in Fig. 8B and 8D
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TaBLE 4. The average length of the vein endings (1,), the average length of the phloem with sieve
clements (I.;), the average number of tracheids in the tracheid maxima and the average number
of sieve elements close to the proximal end of the vein endings per group of vein endings in green
and in white leaf tissue, with and without a zone 1, (variegated leaf, green house conditions).

Leaf Numberof  Types of T Ie» Max. number  Number of sieve

tissue veinlets veinlets um pm of tracheids elements near
in maxima proximal end
(average) (average)

green 10 2,5,6 226,1 108,5 17,5 1,6

green 6 1,3,4 137.8 - 11.8 -

white 10 2,5,6 2257 123,5 19,7 1,9

white 7 1,3, 4 89.0 - 14,0 -

C =2 10
white

type 256 10

0 —
Alm 2257

D =2
white 7
type 1,34 10

¢ -
Am 890 0 IV
praximal end distal end

F1G. 8. Position of the tracheid maximum in vein endings in green and in white leaf tissue (variegated
leaf, green house conditions).

Types of veinlets (see Fig. 2): 2, 5 and 6 (10 in A and 10 in C) and types 1, 3 and 4 (6 in B and
7 in D). In each group of vein endings the average numbers have been determined of (a) the total
length (abscissa) of the vein endings (I.), of (b) the number of tracheids (ordinate) close to the proxi-
mal extremity, of (¢) the maximum number of tracheids, of (d) the position of the tracheid maximum
along the veinlet, and of (¢) the average sizes of the length of the phloem with sieve elements (I}
belonging to the group of vein endings. The number at the top of the curves indicates the number
of vein endings in that group. The length of T, is expressed with special corresponding types of
lines.
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correspond with those in Fig. 8A and 8C in this respect; and this creates the
impression that the vein endings without a zone I are to be considered as the
extremities of the vein endings with a zone 1 in the corresponding green and
white leaf tissue.

Table 4 shows that the average lengths of the vein endings with a zone I,
are equal in green (226.1 pm) and in white (225.7 pm) tissue. The vein endings
without a zone 1, are significantly shorter, however, than the veinlets with a
zone L, Wilcoxon test, P = 0.025 in green and P = 0.001 in white tissue. The
number of tracheids in the tracheid maxima is significantly lower in vein endings
without a zone 1, Wilcoxon test, P = 0.05 in green and P = 0.025 in white
tissue. The critical values are given for one-tailed probability.

From the above mentioned data one may conclude that a further analysis
is desirable for a determination of the position of the tracheid maximum. For
an experimental approach of the nature of these structures in the leaf of Hedera,
the white leaf tissue seems to be most suited because its tracheid maximum

cumulative
relative
frequency (£}
1.0 B=green A 0
A=white
0.9 AD
0.8+ A0
0.7+ A O
0.6 A0
transections |& tr- = se-
05+ & of veinlets, [sections, [sections,
total number |number
Q4r 40 reen tissue
?0 veinlets 321 3708 225
03F A0
white tissue
0.2 a0 10 veinlets 322 3879 358
0ilaO
0.0 1 1 i ) 1 1 L
0 10 20 30 40 650 100 150

Z1r - sections

= se-sections
Fi1G. 9. Comparisen of the total amount of the xylem with the total amount of the phloem by means
of the quotient Z tr-sections/Z se-sections per vein ending. 10 vein endings with a zone L. in green
and in white leaf tissu¢ were used for calculation. Ordinate: fraction smaller than or equal to the
value of the quotient.
Insert: total of transverse sections of the veinlets, total of cross-sections of the tracheids and the
total of cross-sections of sieve elements (variegated leaf, green house conditions).
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turned out to be more constantly in the vicinity of the extremity of the zone

I,e.

The amounts of phloem and xylem in vein endings

The total amount of phloem and xylem in the vein endings can be specified
by the length and the diameter from each of these tissues. An estimation of
these values may be achieved by scoring the total quantity of transections of
tracheids (X tr-sections) and of transcctions of the sieve elements (2 se-sections)
in every transverse section of the vein ending (Fig. 9). The quotients X tr-sec-
tions/X se-sections are not significantly higher in the green leaf tissue than in
the white tissue; this means that the difference between the given number of
tracheids in relation to the phloem part with sieve elements belonging to it in
the green and in the white leaf tissue, is not significant.

Distribution of phloem and xylem elements in a long not ramified vein ending

The percentage of tracheids in every transverse section of a vein ending, calcu-
lated for the total number of elements in every section, usually regularly increases
towards the distal extremity of the veinlet (Table 5, from 28 to 100%,). The per-
centage of living elements in every transection decreases regularly (Table 5, from
72 to 0%,). Of 12 vein endings these percentages have been calculated and they
are shown in Table 6.

The vein endings nos 3, 6,7, 9, 11 and 12 (Table 6), which showed a distinct
tracheid maximum in the veinlet, a very gradual decline of the percentage of
tracheids was found in all the six veinlets from the distal end to the proximal
end (asin Table 3).

The percentage of living elements per transection increases fairly reguiarly
in the same direction from 0 to 66.7 on an average in these six vein endings.
The tracheid maximum in these vein endings appears independent of the total
number of elements in the transections of the veinlet. Another structural cause
for the origin of this tracheid maximum (such as a greatly overlapping of the
extremities of the tracheids at the end of two vein segments) has not been found.

In order to investigate the cause of appearance of the tracheid maximum,
a long and not ramified vein ending (type 2, Fig, 2) was reexamined (Table 5).
In this vein ending three tracheid maxima do appear properly, viz. in transections
10, 23 and 33. These maxima do not clearly coincide in each case with a maxi-
murmn of the total number of elements in the sections.

Position of the tracheid maximum in detail

It has been shown (Figs 4, 7 and 8) that the position of the tracheid maximum
is associated with the distal end of the zone 1, in the vein ending, especially
in white leaf tissue. It is of importance to compare the positions of the appearing
tracheid maxima in the vein ending given in Table 5 with corresponding changes
in character and dimension of the phloem. This comparison can be made by
means of the graphs in the Figs 10, 11, 12, 13 and 14.

In Fig. 10 the three tracheid maxima are visible in the distal half of the vein
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TABLE 5. Survey of the numbers of all elements found in the transections no. 1 {distal end) to no.
76 (proximal end) of a not ramified vein ending, type 2 (Fig. 2), with a zone |, and 588 pm in
length. Those vascular parenchyma cells (vp) situated in the distal extremity of the veinlet abaxial
of the xylem and in a direct line with the distal end of the zones L. or ], have been put under
the heading phloem. This vein ending is grown in a wet climate.

Section  Phloem Xylem % living % tr Total number
number elements of total of elements
se ic vp vpx tr of total
1 3 0 100 3
2 3 0 100 3
3 1 3 25 75 4
4 1 4 20 80 5
5 3 10 23 77 13
6 5 1 16 27 73 22
7 5 1 17 26 74 23
8 5 1 16 27 73 22
9 1 6 1 16 33 67 24
10 1 6 1 18 31 69 26
11 1 6 1 17 32 68 25
12 1 7 2 16 38 62 26
13 1 7 2 14 42 58 24
14 1 7 1 15 38 62 24
15 1 7 1 13 41 59 22
16 1 3 7 1 3 48 52 25
17 1 3 4 2 13 43 57 23
18 1 3 3 3 13 43 57 23
19 1 3 3 4 15 42 58 26
20 1 3 6 1 17 39 61 28
21 1 5 5 2 17 43 57 o
22 2 6 7 1 15 52 48 31
23 2 6 5 18 42 58 i1
24 2 6 6 17 45 55 31
25 2 6 7 5 50 50 30
26 3 3 6 1 13 55 45 29
27 3 6 6 1 12 57 43 28
28 3 6 9 1 13 59 41 32
29 3 6 8 1 12 60 40 3o
30 3 6 8 1 [2 60 40 30
31 3 6 7 1 14 55 45 3
32 3 6 8 1 16 53 47 M
33 3 6 9 2 21 49 51 41
34 4 7 11 3 20 56 44 45
35 4 9 9 3 17 60 40 42
36 5 10 3 3 18 54 46 39
37 4 11 4 3 18 55 45 40
38 4 11 11 3 14 67 33 43
39 4 11 13 3 13 70 30 4“4
40 4 12 13 3 12 73 27 44
41 4 12 10 3 12 71 29 41
42 4 12 8 3 13 68 32 40
43 4 12 6 3 13 66 34 38
4 3 11 8 3 13 66 34 38
45 3 11 10 3 12 69 31 39
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Section  Phloem Xylem % living A Total number

number elements of total of elements
se ic vp vpx  tr of total
46 3 10 12 3 12 70 30 40
47 3 10 12 3 12 70 30 40
48 3 10 10 3 12 68 32 38
49 4 11 8 3 13 67 33 39
50 4 it 8 2 i3 66 34 38
51 4 9 9 3 14 64 36 39
52 6 9 10 2 12 69 3 19
53 5 10 10 3 12 70 30 40
54 5 9 11 3 12 70 30 40
55 5 9 9 3 12 68 32 38
56 4 10 7 2 11 68 32 34
57 4 10 10 i 1] 71 29 35
38 4 10 9 1 10 71 29 34
59 4 10 10 1 11 69 31 36
60 4 10 10 1 11 69 31 36
61 4 10 9 1 11 69 31 35
62 4 10 9 1 10 71 29 34
63 4 10 3 1 14 70 30 33
64 4 ig 7 i 10 69 31 32
65 4 9 8 1 10 69 31 32
66 4 9 8 1 10 69 31 32
67 4 9 6 1 10 67 33 30
68 5 9 6 1 9 70 30 30
69 5 9 7 1 9 71 29 k3|
70 4 3 9 1 8 73 27 30
7 4 6 i0 1 8 72 28 29
72 4 6 10 1 8 72 28 29
73 4 3 10 1 8 72 28 29
74 4 6 8 1 8 70 30 27
75 4 5 9 1 9 68 2 28
76 5 6 11 1 9 72 28 32

ending. In this part of the veinlet the number of sieve elements decreases to
zero and still more in distal direction a zone with one intermediary cell (1) fol-
lows. Closer to the extremity of the veinlet the zone with vascular parenchyma
cells (l,) follows, being in a direct line with the distal end of the intermediary
cells. Finally a short zone with tracheids only (I,) forms the uliimate end of
the veinlet.

In Fig. 11 the added section areas of tracheids (a better estimation of the
total quantity of the xylem) and sieve elements per transection, all along the
vein ending, have been indicated. The three tracheid maxima are still clearly
visible in the graph; however, the maximum appearing at the distal end of the
zone I, is most striking and reaches a much higher value than the other two.

In Fig. 12 the number of tracheids in each transection has been plotied in
relation 1o the quantity of the phloem, expressed in the quotient of the total
number of tracheids in a transection divided by the total number of sieve ele-
ments, intermediary cells and vascular parenchyma cells in the same transection.
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TabLE 6. Percentages of tracheary elements with regard to the total number of elements at the proxi-
mal end and at the distal extremity in 12 veinlets of types 2,5 and 6 (with a zone I, Fig. 2). The
type of vein ending is indicated in more detail according to the classification of Table 7. In two
veinlets the vascular parenchyma cells in a direct hine with the distal end of the intermediary cells
or the sieve elements reach to the distal extremity (numbers 1 and 10). 1, = length of the veinlets
in um.

Veinlet  Typesof ly, pm Proximat end Distal end Climate
number  veinicts type
(Table 7) Total % trach. Total 9% trach.
number of elements number of elements
elements of total elements of total
i s 143 20 45 4 25 dry
2 t 240 28 56 1 100 wet
3 n 285 33 42 i 100 wet
4 m 286 31 35 4 100 wel
5 n 295 30 43 2 100 dry
6 q 304 38 35 1 100 dry
7 P 325 31 23 1 100 wet
8 t 332 29 38 1 100 wet
9 t 345 29 34 1 100 wet
10 t 363 26 46 2 30 dry
11 s 403 28 36 1 100 dry
12 t 588 30 30 3 100 wet
average 325.8 294 38.6 1.8 89.6

These quotients could be calculated in the zones 1 and 1,.. The three tracheid
maxima above mentioned are found again in the same positions, while the third
maximum again is the highest. In the zone 1., the quotient of the sum of the
tracheids and the total number of vascular parenchyma cells has been deter-
mined in each transection. These points in the graph show an indistinct path,
and no quotients can be calculated in the zone l,,. If one wishes to express a
relation between the numbers of tracheids and the quantity of the phloem in
these zones 1, and 1, a comparison of the number of tracheids in these zones
with the quantity of the phloem somewhere at the distal extremity of the phloem
is obvious. If these quotients are calcutated by dividing the sum total of tracheids
per transection by the value of X se, ic, vp at the distal extremity of the zone
li.(se = o,ic = 1),arather regular decrease of the curve from the third maximum
to zero at the extremity of the veinlet is obtained.

In Fig. 13 the added section areas of tracheids have been plotted in relation
to the quantity of the phloem, as quotients again in the zones 1 and 1,.. In the
zone l,, the quotients have been determined of the sum of the section areas
of tracheids and the sum total of vascular parenchyma cells per transection.
The points in the graph determined in this way do not show a distinct continua-
tion of the curve in the zones 1 and .. However, when calculating these quo-
tients in the zones 1., and 1, using the constant value of X se, ic, vp at the distal
end of the zone I, (= 7;s¢ = 0; ic = 1; vp = 6) as the denominator, one
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FiGs. 10-14. Abscissa: length of the non rami-
fied vein ending of Table 5 in pm; left: proxi-
mal and right: distal end. The zones I, I, lp
and i, are indicated as in Fig. 4.

F1G. 10. The number of tracheids {(-e—e—-) and
sieve elements (sesss) in cach of the 76 tran-
sections of the vein ending of Table 5.

FiG. 11. The sum of the section areas of the
total of tracheary elements (X area tr, »ss-)
and the sum of the section areas of the total
of sieve clements (Z area se, esee) in pmz per
transection of the vein ending all along the
veinlet.

Fig. 12. The quotients of the sum of the
number of tracheids and the sum of the
number of sieve elements, intermediary cells
and vascular parenchyma cells (2 tr/Z se, ic,
vp) per transection all along the zones |y, and
lic (-s—-+-). In the Zone |, the quotients of the
sum of the tracheary elements and the sum of
the number of vascular parenchyma cells (X
tr/X vp) have been determined per transection
(Aaa). Morcover in the zones l,, and |, the
quotients of Ztr on the one side and X se, ic,
vp at the place of the distal extremity of the
zone |, on the other side, have been deter-
mined per transection (-0-C-0-).

F1G. 13. The quotients (Z area tr/Z se, ic, vp)
per transection all along the zones 1, and I
(-e-s—o-). In the zone l,, the quotients (¥ area
tr/Z vp} have been determined per transection
(aaa). Moreover in the zones 1., and ];; the
quotients of T area tr on the one side and the
constant value of X se, ic, vp at the place of
the distal extremity of the zone L, on the other
side, have been determined per transection
0-0-0).

F1G. 14. The quotients of X area tr and the sum
of the number of sieve elements and intermedi-
ary cells (2 area tr/Z se, ic) (—e—s—-) per tran-
section all along the zones | and |;.. However,
In the zones L., and I, the quotients of I area
tr per transection and the constant value of
se, ic at the place of the distal extremity of the
zone lic, have been determined.
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can see the very regular continuation of the curve from the third maximum to
zero at the extreme point of the veinlet, just like the regular steep descent of
the curve in Fig. 11. Moreover it is striking that only the third tracheid maximum
still appears as a pronounced maximum and it arises exactly at the extremity
of the zone |, of this veinlet.

Finally in Fig. 14 the added section areas of tracheids have been plotted in
relation to the sum of sieve elements and intermediary cells per transection, The
quantity of the phloem has now been characterized only by the total of X se,
ic. Alsoin this graph the zones I, and I, have been calculated using as denomina-
tor the constant value of X se, ic at the distal end of the zone I, (= 1) in the
quotients. In this curve the most pronounced tracheid maximum also appears
at the distal end of the zone I,...

In summary: the position of the already described tracheid maximum at the
distal end of the zone 1. can be shown in the most expressive way when the
added section areas of the tracheids (and therefore also the total volume of the
tracheary elements), are given in relation to the quantity of the phloem in every
transection of the veinlet. The quantity of the phloem can be described best
by Z se, ic, vp, because of the fact that the difference between the intermediary
cells and the vascular parenchyma cells may be difficult to determine in some
parts of the veinlet. The procedure as represented in Fig. 13 will be followed
therefore in the next part of this article in case of doubt of the exact position
of the tracheid maximum in the veinlet.

The localization of the tracheid maxima in different types of vein endings
After calculation on 20 vein endings it turned out to be possible to represent

the quantity of xylem in the vein endings in relation to the quantity of the phloem

in the shape of a more or less constant type of curve as in the Figs 4 and 13.

Now the question arises whether the position of the tracheid maximum can be

located more exactly in relation to the zones L, lic, I, and 1.

The possible types of vein endings (21 types, a—u) have been brought together
in Table 7. The determining of the position of the tracheid maximum runs up
against difficulties when one or more zones are relatively short, or when a broad
maximum appears within which more than one zone terminates. In these cases
the position of the maximum has been located by estimating the shortest distance
between the position of the maximum and the two adjacent limits of the zone.
The limit between the zones | and 1,;, was determined by paying attention to
cytoplasmic density. Finally the distal limit of the zone with vascular parenchy-
ma celis is not sharp sometimes caused by the fact that the distinction between
vascular parenchyma cells and cells of the bundle sheath is difficult to determine.

Based on these theoretical types it can be concluded that:

— veinlet type b has not been found. This means that one does never find the
tracheid maximum along that part of the vein ending only consisting of xylem
(tracheids and possibly vascular parenchyma cells, vpx);

— veinlet types . I, o and r have not been found. This indicates that the tracheid
maximum along that part of the vein ending in which sieve elements do occur
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TaBLE 7. Theoretically possible types in dry and wet climate of free vein endings (a~u) in relation
to the position of the tracheid maximum (). The position of the maximum is only determined
by the observed number of tracheids, or after calculation of the quotient Z area ir/X se, ic, vp.
The zones 1, i and 1,; are always = 21 pm in length, with the exception of the zome I in one
of the vein endings of type k and one of the vein endings of type m (column no. 7), which are
only about 15 pm in length both.
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not can be expected;

— veinlet type a has been found frequently (10 x ). In these cases at the origin
of this vein ending
1. sieve elements do occur at the proximal extremity, for example in the vein

of lower order (5 x );
2. intermediary cells do occur at the proximal extremity (2 x ); and
3. vascular parenchyma cells do occur at the proximal extremity (3 x ).
One may conclude that the veinlet type a can be considered entirely to be
a zone l;.
— the tracheid maximum does always occur near the distal extremity (= near
the limit of the zone in the direction of the extremity of the vein ending) of
the zones lg, 1, or 1, (also when respectively se, ic or vp are present at the
point of branching, viz. in types a, ¢ and g). This becomes visible
1. inthe end of zone |, asintypea (5x),c(dx), g (1 x), k (2x), m (9x},
p (i x),and s(2 x), altogether 24 x ;

2. arintheend of zone I, asintypea 2x), f (3x), h (2x), q (2x) and
t (10 x), altogether 19 x ;

3. finally in the end of zone |, as becomes clear in type a (3x), i (Ix) and
n (3 x), altogether 7 x .

It appears that the tracheid maximum has been found most often close to
the distal extremity of the zone 1, but the maximum also does occur near the
distal end of the zone | frequently if this zone is present. In the presence of
a zone l,, the tracheid maximum does appear near the end of this zone some-
times.

The conclusion is that a strong tendency exists of the tracheid maximum to
shift to the right (Fig. 15A) under the influence of an extension of the zone
l;. by a zone I, or the zones }i; + 1,, or sometimes by a zone 1, only.

Any part of a vein ending consisting of the zones (I, + L, + 1), (L, +
1) or 1, may be found also as lateral vein branches. Thus the small branches
often represent the extremities of the longer free vein endings (cp. Fig. 8 and
the text belonging to it). The point of branching may occur at any place along
the vein ending; however, the zones I, and l,,, are continuous each and communi-

cate with a zone |_,.

veinending A large
]

™ ~ ~
: ! 11 intercellular
A I"i :——-.dl..-...-..u | :spaoe
Ise | lig : hp ltr bs
| 1
1
! I
! I
! i
1 I
connecting vein ! '
| I
B |'|===—---i...............................l'i
|
Ise lic hp
proximal end distal end

Fi. 15A. Schematic drawing of a free vein ending with zones I, lic, 1, and l;; ~: possible positions
of the tracheid maxima, bs = bundle sheath.

B. Schematic drawing of a small vein connecting two veins of lower order. In the connecting vein
the same zones appear but a tracheid maximum is absent {(see also Fig. 5).
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