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Foreword and commemoration

All plants on earth have developed fruit stalks of
one form or another. The main reason why they
did or had to do so has still not been fully an-
swered. One plausible explanation is that fruits
(or leaves) with stalks can break off the plant
body more easily than if fruits (or leaves) were
directly attached to twigs or branches (broader
adhesion area). Be that as it may, the anatomy
of fruit stalks so far has rarely been studied. With
this book, we have tried to fill this gap by present-
ing a microscopical approach to mainly (but not
only) central European angiosperm species. We
are well aware of the fact that describing 127 out
of worldwide 240,000 to 400,000 plant species
(depending on source) is not much more than a
first step. At least the species selected cover a
relatively wide range of the plant world.

This volume completes the first author‘s book
series on microscopic plant anatomy (stem,
branch, leaf stalk, fruit stalk). The overall con-
clusion is that all above-ground plant parts are
principally constructed of the same fundamental
tissues: pith, xylem, cambium, phloem, cortex
and periderm. However, from a holistic point of
view, an in-depth analysis of one essential part
of the plant is still missing: the roots. We gladly
leave the exploration of this largely unknown field
in plant anatomy to coming generations, since we
all know that it is hardly possible to answer all
questions in one lifetime.

Fritz Schweingruber died in January 2020 at the
age of 83. His contribution to advances in den-
droecology and plant anatomy was passionate
and unparalleled. Even during his last weeks of
life he was an active scientist and, whenever his
physical handicaps allowed, he went to the WSL
to cut and stain microsections and have discus-
sions with colleagues. Apart from numerous sci-
entific articles, he wrote dozens of books, a fact
that stands for itself.

Fritz Schweingruber was not only an outstand-
ing, dedicated researcher, but also an inspiring,
gifted teacher and fatherly supervisor. He knew
how to awake enthusiasm for nature and science
in many Master and Ph.D. students and helped
them to widen their views, create new ideas and
discover the world. For this we will always be
grateful to him.

Fritz told me he’d had a good life and therefore
couldn’t complain that he would soon die. May he
now be discovering a new, even more interesting
and better world. In silent memory,

Urs Max Weber







Introduction into fruit stalks

Introduction

Fruit stalks are part of the inflorescence (Blit-
enstand). The morphology of inflorescences is
classified in detail by Troll (1964, 1969) and We-
berling (1981). Very few inflorescences of single
species (e.g. Arabidopsis thaliana) have been
described (Chang 2007).

The following study presents the anatomy of
adult female inflorescences of trees, shrubs and
herbs from mainly Central Europe, but also from
other parts of the world. In focus are parts with
adult fruits. We call them fruit stalks.

Principally, a few basic types of inflorescenc-
es exist. Monopodial types with the dominance
of one principal shoot and sympodial types with
several dominant shoots. Both types can be sub-
divided in many sub-forms e.g., spikes, racemes,
panicles, umbels and many others.

Since the classification has already been de-
scribed for single species (Chan Liu et al. 2007)
and extensively for the whole form of appearance
(Troll 1964, 1969, Weberling 1981), we do not
enter in this discussion. From wood, bark, twig
and petiole anatomy it is well known that envi-
ronmental factors modify each part of plants.
Mentioned here are major studies which dem-
onstrate the ecologically relevant modification
in wood (Schweingruber 1990) and in growing
points (Troll 1967). Therefore it is not astonishing
that inflorescences as extensions of shoots are
anatomically different from them. However, the
anatomy of fruit stalks so far has hardly been a
scientific topic. The extremely variable ramifica-
tion of female, male and hermaphrodite flowers
and fruit stalks is extended by the length and the
position of flowers and fruit stalks and finally the
weight of fruits. In any case inflorescences are
metamorphosed shoots.

Therefore we ask the following questions:

1. What is the anatomical aspect of growing
points within buds?

2. What are the anatomical differences between
three products of growing points? (1) Shoots
as primary, vegetative and (2) fruit stalks and
(3) petioles as generative products of primary
and secondary tissues.

3. What are the characteristic features of fruit
stalks in a broad range of fruits types?

4. What are the characteristic features of fruit
stalks of morphologically different inflores-
cences in general?

The microscopic origin of all inflorescences and
leaves are tips of growing zones. In very early
differentiation processes the shoot, the leaf and
inflorescence are determined.

Anatomical aspects of growing points in
buds

The principal construction of early shoot devel-
opment can be recognized in macroscopic longi-
tudinal sections (Fig. 1a). The terminal bud with
bud scales is accompanied by buds of lateral
shoots which are initiated in the axil of dropped
leaves (leaf scar). Leaves are initiated in the cor-
tex. Behind the growing point lies an undifferenti-
ated primary pith zone which already separates
the undeveloped xylem from the pith and cortex
zone. The final differentiation of primary tissues
(pith and cortex) and secondary tissues (xylem
and phloem) is fully developed in the bud (Fig.
1a). Similar to macroscopic sections are double-
stained microsections. In addition, they show un-
lignified parts like growing point, cortex and initial
leaves. Behind this zone extends a belt of cam-
bium which differentiates phloem and xylem (Fig.
1b). Lateral shoot-initials are absent or cannot be
recognized.

The construction of scale-less bud tips of
herbs and a few shrubs (e.g. Viburnum lantana)
is similar, but initial lateral shoots and flowers are
already present. The lignification process did not
start in this stage (Figs. 1b and d). However, sec-
ondary cambia develop in shoots, leaves and fruit
stalks and get active as soon as buds break, but
the final form varies. The cambial cells of all three
parts differentiate in all possible phloem and xy-
lem elements (Fig. 2 a-c).

However, the longevity of cambial cells differs.
In shoots they remain active for an undefined pe-
riod. In fruit stalks and in petioles they are active
for very few weeks at the beginning of the veg-
etation period. Cell-wall thickening and differen-
tiation to sclereids lasts until the fruit is ripe.

Differentiation processes are determined by the
final form of shoots, fruit stalks or leaves. With
a few characteristics of 17 species we try to find
common and different developments. The follow-
ing species are compared:

« Acer campestre

* Alnus glutinosa

- Castanea sativa

+ Clematis vitalba

 Fagus sylvatica
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Fig. 1c Macroscopic aspect of tips of the annual herb of Fig. 1d Microscopic longitudinal section through a tip
Euphorbia chamaecyparis. of the annual herb Euphorbia chamaecyparis. Lignifi-
cation is absent in the whole initial shoot (100x).



periderm

cortex

Fig. 2. Cambia in shoots, fruit stalks and peti-
oles. Cambia differentiate into a xylem with
vessels, fibers, parenchyma cells and rays, and
into a phloem with sieve elements, parenchyma
cells and rays, ducts and a tertiary cambium

epidermis

cortex

(phellogen,).
sleve

element |

Fig. 2c Petiole. Stayphyllea pinnata (400x).
 Frangula alnus The following features were compared in annual
« llex aquifolium or biannual parts of the shoots and the middle
» Myrtus communis (presence of ducts) part of fruit stalks and petioles:
- Pistacia lentiscus (presence of ducts) + Diameter of the shoot
 Populus alba « External form
 Prunus domestica + Pith shape
 Pyrus communis + Vascular bundle arrangement, solitary or con-
* Rhus typhina (presence of ducts) tinuous after the first year in shoots or the stage
+ Solanum tuberosum (presence of medullary after fruit ripening and the stage after full devel-

phloem) opment of leaves

 Quercus robur + Tangential vessel diameter in the first stage of
*+ Rubus idaeus secondary growth close to the pith

« Tilia platyphyllos + Vessel arrangement in the first ring



form in shoots and fruit stalks,
Hedera helix (100x).

Presence or absence of fibers in the xylem of
the first ring

Presence or absence of rays in the xylem of
the first ring

Presence or absence of sclerenchyma zones
in the cortex

Presence or absence of the periderm
Presence or absence of sclereids in the pith
Presence or absence of ducts in the phloem
or cortex

Presence or absence of medullary sheath
Presence or absence of medullary phloem

circular

Fig. 3a Circular is the most frequent

The following differences and similarities occur
between the long shoot, fruit stalks and petioles:
+ Diameter of the shoot. Shoots are often thicker

than the other parts. However, thickness is not
a special characteristic for one of the tree parts.
External form. Most shoots, fruit stalks or peti-
oles have a circular cross-section as in Hedera
helix (Fig. 3a). In a few cases the cortex either
expresses warts, or it is polygonal (Fig. 3b),
e.g. in Paeonia fruticosa, or a vertical exten-
sion, e.g. in Populus sp. (Fig. 3c).

isolated vascular bundles have a
polygonal external form, Paeonia

officinalis (100x).

vertically
arranged

Fig. 3¢ Vertical extensions with
several vascular bundles have
a vertical form, Populus sp.
(100x).



Pith shape varies in relation to the part of plant
and between species. The variability is little in
long shoots and fruit stalks. Circular and slight-
ly polygonal forms are most frequent (Fig. 4a).
If vascular bundles are large in the initial stage,
the forms tend to be round, if they are small, they
are rather polygonal. All fruit stalks in our dataset
have a circular cross-section (Fig. 4a).

Fig. 4a Circular pith forms are most frequent in
shoots. Ilex aquifolium, fruit stalk (100x).

triangular

Special for shoots is the triangular pith of Al-
nus sp. and the slightly triangular form for Fagus
sylvatica (Fig. 4c).

In petioles, the pith shape is mainly crescent
(Fig. 4b). In a few cases, the pith in petioles is cir-
cular and not really different from those in shoots
and fruit stalks.

crescent

Fig. 4b Crescent pith forms are most frequent in
petioles. Euonymus europaeus (100x).

Fig. 4c Triangular forms exist only in
shoots of Alnus sp. (100x).



The arrangement and development of vascu-
lar bundles vary up to the end of the vegetation
period. Two types exist: (a) Solitary vascular bun-
dles which persist, e.g. Rubus fruticosus, Clema-
tis alpina (Fig. 5a,b). Most species with a circle
of primarily isolated vascular bundles will be con-
nected in later development stages (Fig. 5c¢). (b)
Some few petioles contain vascular bundles with-
in the pith, e.g. Quercus sp. (Fig. 5e). The central
bundles can be round or radially elongated.
Connected vascular bundles with a lateral
continuous latewood zone are present in most

remaining vascular bundles

vascular
bundles
I connected

Fig. 5¢ Laterally connected vascular
bundles are most frequent in shoots
and fruit stalks. Buddleya davidii
(100x).

Fig. 5a,b Remaining vascular bun-
dles occur in a few shoots and fruit
stalks. They can be laterally sepa-
rated by rays (Clematis alpina) (Fig.
5a) or form solitary internal bundles
(Rubus fruticosus) (Fig. 5b).

Fig. 5d Circular vascular bundles
in the pith occur in petioles of a few
species. Aesculus hippocastanum
(100x).

shoots, fruit stalks and petioles of most species
(Fig. 5c).

Isolated vascular bundles are mostly absent in
shoots, e.g. in Acer sp. If present, they remain
isolated in shoots of Acer sp. This type exists in
fruit stalks and petioles with the exceptions of
Clematis vitalba, Rubus sp. and Rosa sp.

Special types are petioles with round or cres-
cent vascular bundles in the pith, e.g. Aesculus
sp., Platanus sp. and Quercus sp. (Fig. 5d,e).

vascular bundle

(100x)
Fig. 5b
isolated
vascular crescent
bundle vascular

4 bundle

Fig. 5e Crescent vascular bundles
in the pith occur in petioles of a few
species. Quercus sp. (100x).



Vessel diameter and probably also the size of the
conductive area are related to shoots, fruit stalks
and petioles. Most conductive are shoots (vessel
diameter 20-40 um). Vessels have to supply the
whole assimilating system. Smaller are vessels in
the petioles (vessel diameter 8-30 um) because
only the leaf area has to be supplied with water.
Even smaller are vessels in fruit stalks (vessel
diameter 8-15 um) because the transpiration is
reduced on fruits. Water is probably used mostly
for fruit formation.

vessel

Fig. 6a Radially arranged vascular bundles
occur in most shoots, fruit stalks and petioles.
Tilia tomentosa (400x).

uniseri-
ate reay

Fig. 7a Uniseriate rays are most common in
shoots, fruit stalks and petioles. Vitex agnus-
castus (400x).

Vessels in the primary stage of secondary
growth in shoots, fruit stalks and petioles are
mostly in radial rows (Fig. 6a), or they are indis-
tinct (Fig. 6b) or rarely arranged.

Uniseriate rays are present in all shoots and
petioles (Fig. 7a). They are missing only in fruit
stalks of Fagus sylvatica and llex aquifolium. Mul-
tiseriate rays are present in those species where
vascular bundles are nor laterally connected (Fig.
7b).

Fig. 6b Absent or irregularly distributed first ves-
sels occur in a few species. Fragaria vesca (400x).

multi-
seriate
" ray

Fig. 7b Multiseriate rays occur in species with
isolated vascular bundles. Vitis vinifera (400x).



Sclerenchymatic zones in the cortex occur in
shoots, fruit stalks and petioles of most species
of the whole taxonomic system. The omnipres-
ent feature lets assume that sclerenchyma are in
peduncles (annual shoot, fruit stalk, petiole) the
major stabilization element.

The feature appears in continuous or discon-
tinuous bands with different thickness and cellu-
lar composition (fibers, sclereids). Sclerenchyma
in the cortex is missing only in petioles of llex

large dense sclerenchymatic band

Fig. 8a Very large and dense, con-
tinuous sclerenchymatic belt in a
vertically positioned fruit of Celtis
australis (400x).

discontinuous band

Fig. 8¢ Discontinuous sclerenchy-
matic belt in an upright fruit stalk of
the herb Malva moschata (400x).

aquifolium. It is mostly difficult to locate the scle-
renchyma. Most of it is located in the cortex and
only few in the phloem (e.g. Castanea sativa and
Citrus sinensis). Relationships between upright,
horizontal and hanging fruits are not to recognize.

Here we present the variability in fruit stalks
(Figs. 8a-d).

small dense sclerenchymatic band

Fig. 8b Small dense, continuous
sclerenchymatic belt in a hanging
inflorescence with winged fruits of
Carpinus betulus (400x,).

discontinuous belt

Fig. 84 Very small discontinuous
sclerenchymatic belt in a hanging
inflorescence of Parthenocissus quin-
quefolius (400x).



The periderm occurs in all shoots. Its occurrence
is unpredictable in fruit stalks and petioles. It can
be expected mainly in fruit stalks and petioles
with larger diameters. Some species have a peri-
derm around the fruit stalk or the petiole, some
others only partially (Fig. 9).

Ducts are a taxonomically important feature.
They are present in shoots, fruit stalks and peti-
oles of Cotinus coggygria, Eucalyptus sp., Myrtus
communis, Pistacia lentiscus and Rhus typhina.
See monographic presentation.

Sclereids in the pith are rare. In our dataset
they are present only in fruit stalks, e.g. in Euca-
lyptus sp. (Fig. 10).

Fibers in the xylem are mostly present in
shoots, fruit stalks and petioles. It is often difficult
to distinguish fibers from small vessels. There-
fore we did not classify this feature.

Medullary phloem is a typical feature for Sola-
naceae. In our dataset is present in shoots, fruit
stalks and petioles of Solanum tuberosum. See
monographic presentation.

Medullary sheaths are difficult to define. It is
clear when the cells differ in form from those in
the pith and the initial zones of vascular bundles,
e.g. in fruit stalks of Alnus glutinosa. The feature

periderm
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europaea (400x).

is almost omnipresent if the term includes also

unlignified zones. See Definition of fruit stalks.
Gelatinous fibers occur only in fruit stalks of

Frangula alnus. See definition of fruit stalks.
Collenchyma: see definition of fruit stalks.
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sclereids are products of primary growth (100x).
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Definition and explanation of fruit stalk features

In the following, we describe fruit stalks by the
morphological features of pith, xylem, phloem,
cortex and periderm (see also Crivellaro and
Schweingruber 2015). We concentrate on the
proportions between these elements by which
each species can be anatomically characterized.

External form and relations to morphol-
ogy

The variability of external forms is minimal. Most
fruit stalks are circular to slightly oval (e.g. Fa-
gus sylvatica, Fig. 11). Some of the species have
ribs which are mostly extensions of the cortex by
parenchyma (e.g. Buddleya davidii, Fig. 12a) or
collenchyma (e.g. Daucus carota, Fig. 12b). The
form of xylem and phloem is normally not related
to the external form (Fig. 11). The external form
is usually typical for single species (Sambucus
nigra, Fig. 13; Berberis vulgaris, Fig. 14; Vibur-
num opulus, Fig. 15). The circular form can be
explained by the fact that inflorescences, in this
case fruit stalks, are axial elongations of circular
twigs.

Inflorescences show a great variability, which
is also expressed in various characters of fruit
stalks. The dimensions of stalks greatly vary
(Weberling 1981). The diameters of the analyzed
species are documented in the monographic

chapter. Dominant are diameters of 1 to 2 mm.
Very thin stalks with diameters between 0.5 and
0.8 mm (e.g. Berberis vulgaris) or very thick
stalks with diameters between 4 and 5 mm (e.g.
Aesculus sp., Castanea sp.) rarely occur.

The length of stalks varies between 20 cm
(e.g. Platanus sp.) and 1 mm (e.g. Cydonia sp.,
Castanea sp.). Extremely variable are the posi-
tions on twigs. Some are upright, some hanging,
and many are in a horizontal position. Also vari-
able is the weight of the fruits, from below 1 g
(e.g. Loiseleuria sp., Berberis sp.) to above 100
g (e.g. Prunus domestica, Malus sylvestris). Not
less variable are the forms of fruits and their dis-
tribution mechanisms, e.g. heavy fruits (Olea sp.)
or light, winged fruits (Acer sp., Tilia sp.).

Many taxonomically different plants have ex-
actly the same external characters. Therefore it is
impossible to relate the morphology to anatomi-
cal characteristics that are relevant for stability,
conduction or storage. However, in contrast to
purely morphological features, the present mate-
rial suggests that most anatomical fruit stalk fea-
tures are taxonomically significant.

Fig. 11 Fagus sylvatica, circular
(100x).

Fig. 12a Buddleya davidii, circular,
wavy (100x).

Fig. 12b Daucus carota, circular,
wavy (100x).
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Fig. 15 Viburnum opulus, vertical combination of stems (100x).
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Pith shape

External pith borders are mainly determined by
the proto- and metaxylem arrangement of vas-
cular bundles. If the bundles are large and flat,
the pith is rather round, if they are small, triangu-
lar and/or separated from each other, the pith is
rather polygonal.

Dominant are round (e.g. llex aquifolium, Fig.
16) or oval and polygonal forms (e.g. Laburnum
anagyroides, Fig. 17). Polygonality can be ex-
pressed by wave-like structures or, as another

extreme, by a star-like form (e.g. Chamaecyparis
sp.). Triagonal is only Koelreutheria sp. (Fig. 18).

The round pith of some few species is sur-
rounded by a medullary sheath, which is a ligni-
fied or unlignified fiber-less parenchymatic zone
(e.g. Alnus glutinosa, Capparis orientalis, Figs.
19,20).

Medullary phloem surrounds the pith of Sola-
naceae (Fig. 21).

Fig. 16 Ilex aquifolium, circular
(100x).

Fig. 19 Alnus glutinosa, medullary
sheath lignified (400x).

Fig. 17 Laburnum anagyroides,
polygonal (100x).

Fig. 20 Capparis orientalis, medul-
lary sheath unlignified (100x).

Fig. 18 Koelreutheria paniculata,
triagonal (100x).

Fig. 21 Solanum lycopersicum, med-
ullary phloem.
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Pith cavity
The central part of the fruit stalks of very few spe-
cies is empty (e.g. Mahonia aquifolium, Coronilla
sp., Fig. 22). During the radial expansion of the
stalk, cell wall growth of the central parts cannot
follow the expansion. Thus, these cells burst and
the pith empties out.

Cell composition of the pith can be homocel-
lular, with only uniform parenchyma cells of equal

size and small intercellulares (e.g. Malva mos-
chata, Fig. 23).

Cell composition of the pith can be heterocel-
lular, with parenchyma cells of different size. Be-
tween large cells, small and mostly round cells
occur (e.g. Rubus sp., Rosa sp., Fig. 24). This
feature seems to be characteristic for these two

genera.

Fig. 22 Mahonia aquifolium, central
pith cavy (100x).

Fig. 23 Malva moschata, small in-
tercellulares (400x).

Fig. 24 Rubus fruticosus, small and
large pith cells (400x).
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Pith cell composition heterocellular, with
different cell types

Fig. 25 shows a heterocellular pith which con-
tains groups of sclereids (Eucalyptus sp.). They
get formed when pith cells are still living and the
plant gets under mechanical stress. This feature
has been observed only in Eucalyptus sp., Malus
sp. and Pyrus sp.

Fig. 26 shows a heterocellular pith which con-
tains fibers. This feature occurs only in Viburnum
opulus.

Fig. 27 shows a heterocellular pith and cells
with some contents (Tilia platyphyllos). The heter-

ogenous features show dark staining substances
as tannins or gums which are formed mostly af-
ter injuring. It is probably an expression of stress
without taxonomic significance.

Fig. 28 shows a heterocellular pith with ducts,
laticifers or just mucilage. Ducts are character-
ized by surrounding cells (Apiaceae, e.g. Bupleu-
rum sp., Daucus sp. and others). Types with la-
ticifers (ducts without surrounding excretion cells)
have not been observed, but we expect them in
some Euphorbiaceae. Species with mucilage ex-
ist here only in Tilia sp.

Fig. 27 Tilia platyphyllos, laticifer (100x).

Fig. 28 Bupleurum fruticosum, duct (400x).
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Pith with vascular bundles

This feature is characteristic for a few species.
Collateral closed vascular bundles are common
in monocots (e.g. Lilium martagon, Fig. 29). Col-
lateral open vascular bundles are characteristic
for Platanus sp. (Fig. 30). Collateral open and
concentric vascular bundles occur in Tilia sp.
(Fig. 31).

Pith with mineral inclusions (see cortex)
The presence of crystals in the pith is rarely spe-
cies-specific. In the present dataset, prismatic
crystals occur always in Tilia sp. Since crystals
are very frequent in the cortex, the phloem and
the pith, we refer to crystals just by the cortex.

Pith cell arrangement

Species with a homocellular pith (only with paren-
chyma cells) can principally be divided into types
with a uniform cell size from the center to the xy-
lem/phloem complex (e.g. Rubus caesius, Fig.
32) and into types with gradually smaller cells
from the center to periphery (e.g. Vitex agnus-
castus, Fig. 33). Since the transition between the
two types is confluent, the feature is not easy to
recognize and classify. It is not clearly related to
taxonomy.

Fig. 29 Lilium martagon, closed
vascular bundle (100x).

Fig. 32 Rubus caesius, uniform cells
from center to periphery (100x).

Fig. 30 Platanus sp., collateral open
vascular bundle (100x).

Fig. 31 Tilia platyphyllos, collateral
open vascular bundle (100x).

Fig. 33 Vitex agnus-castus, gradually small-
er cells from center to periphery (200x).
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Intercellulars

Intercellulars are very frequent in fruit stalks.
Small triangular intercellulars occur mainly in
piths with round parenchyma cells (e.g. Medicago
sativa, Fig. 34). In a few species, larger irregular
forms occur (e.g. Trochodendron aralioides, Fig.
35). The taxonomic and ecological significance is
not clear.

Parenchyma cell shape

Circular forms are most frequent (e.g. Malva
moschata, Fig. 36). The form is mostly related to
fairly thick-walled cells. Angular forms (e.g. Ru-
bus idaeus, Fig. 37) are also frequent but mainly
related to types with thin-walled cells.

Fig. 34 Medicago sativa, small inter-
cellulares (400x).

Fig. 36 Malva moschata, round paren-
chyma cells (400x).

Fig. 35 Trochodendron aralioides, large
intercellulares (400x).

Fig. 37 Rubus idaeus, angular paren-
chyma cells.
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Thickness of parenchyma cell walls Lignification of parenchyma cells

All transitions occur between types with very thin-  Principally central cells are either lignified (e.g.

walled (e.g. Prunus padus, Fig. 38), thin-walled  Fagus sylvatica, Fig. 40) or not lignified (e.g.

and thick-walled cells (e.g. Sorbus aria, Fig. 39).  Prunus padus, Fig. 41). The difference can only

Cell wall thickness is not related to lignificaton. be recognized on double stained slides. Lignifica-
tion of pith cells is probably species-relevant.

T *9 -
Fig. 38 Pruns padus, very thin-walled Fig. 39 Sobus aria, thin- to thick-walled
parenchyma cells (400x). parenchyma cells (400x).

Fig. 40 Fagus sylvatica, pith lignified Fig. 41 Prunus padus, pith not lignified
(100x). (100x).



18

Xylem first ring

Figs. 42-49 show different types of vascular bun-
dles in fruit stalks. Our dataset contains collateral
closed (e.g. Lilium martagon, Fig. 42), collateral
open (e.g. Platanus x acerifolia, Fig. 43) and bi-
collateral open vascular bundles (e.g. Cucumis
melo, Fig. 44).

Collateral closed types are characteristic for
monocots. Collateral open types are specific for
most dicots. Bicollateral open types are charac-
teristic for Cucurbitaceae (dicots).

Collateral open types have at least in a juve-
nile stage an active cambium which allows sec-
ondary radial growth. Its longevity is always lim-
ited to one vegetation period.

phloem

xylem

Fig. 42 Lilium martagon, collateral
closed vascular bundles (400x).

Fig. 43 Platanus x acerifolia, collateral
open vascular bundles (400x).

The lignification of the proto- and metaxylem of
vascular bundles and initial stages of secondary
growth varies. Most frequent are types with non-
lignified proto- and metaxylem zone (e.g. Robinia
pseudoacacia, Fig. 45). Such types can easily
be recognized (see also Fig. 42). The proto- and
metaxylem zone is rarely lignified (e.g. Fragaria
vesca, Fig. 46). Initial zones of vascular bundles
can be small (e.g. Vitis vinifera, Fig. 47), large
(e.g. Laburnum anagyroides, Fig. 48), or they are
diffuse and not to recognize (e.g. Carpinus betu-
lus, Fig. 49).

Fig. 44 Cucumis melo, bicollat-
eral vascular bundles (400x).

Fig. 45 Robinia pseudoacacia, not
lignified protoxylem (400x).

Fig. 46 Fragaria vesca, not lignified
protoxylem (400x).
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Fig. 47 Vitis vinifera, small vascular Fig. 48 Laburnum anagyroides , large
bundles (100x). vascular bundles (100x).

Fig. 49 Carpinus betulus, indistinct vascu-
lar bundles (400x).
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Number of vascular bundles around the
pith

The frequency of vascular bundles around the
pith varies. Fairly rare are types with less than
6 bundles (e.g. Malva moschata, Fig. 50). Most
frequent are types with more than 6 bundles (e.g.
Rubus idaeus, Fig. 51).

Vessel arrangement

Vessel arrangement in the xylem of fruit stalks is
similar to that in the xylem of stems. Most fre-
quent are types with vessels in short or longer
radial rows (e.g. Staphyllea pinnata, Fig. 52).

Fig. 50 Malva moschata, less than 6
vascular bundles (400x).

g e @ } -

Fig. 52 Staphyllea pinnata, vessels
radial (400x).

Fig. 53 Geum reptans, vessels irregu-
lar (400x).

Relatively rare at types with an irregular vessel
distribution (e.g. Geum reptans, Fig. 53) or soli-
tary vessels (e.g. Robinia pseudoacacia, Fig. 54).

Characteristics of the initial zone around
the pith (initial xylem)

We found two forms of initial xylem. (1) The xy-
lem starts with vascular bundle forms. Bundles
remain isolated (e.g. Cucumis melo, Fig. 55) or
are later laterally connected (see Fig. 51). (2) The
xylem starts with a continuous band. Vascular
bundles are absent or difficult to recognize (e.g.
Citrus sinensis, Fig. 56; see also Fig. 49).

-
et "l'.'

Fig. 51 Rubus idaeus, more than 6
vascular bundles (200x).

Fig. 54 Robinia psuedoacacia, ves-
sels solitary (400x).
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Fig. 55 Cucumis
melo, isolated
" vascular bundles

7

around the pith
(100x).

Fig. 56 Citrus

sinensis, closed
ring of vascular
bundles around
the pith (100x).
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Acer campestre L.

Sapindaceae

» Fruit stalk circular with a diameter of 1300 um

+ External width of the cortex at the longest side 150 pm
+ External width of the phloem at the longest side 100 pm
+ External width of the xylem at the longest side 110 um
+ Width of the pith at the longest side 800 um

Xylem and phloem forming a continuous belt. Pith is
surrounded by >10 single, large vascular bundles with
an unlignified initial zone. Vessels radially arranged.
Largest vessels with tangential diameter of 15 pm. Xy-

lem with a distinct latewood zone. Phloem in a rayless
continuous belt with distinct, large cells. Cortex con-
sists of an external, unlignified parenchymatic zone and
an internal belt of thick-walled, lignified fibers. Cortex
and phloem with prismatic crystals and crystal druses.
Periderm consists of 4-5 rectangular cells. Epidermis
consists of small, thick-walled cells and long unicellular
hairs. Pith polygonal, homocellular, with large and small
round cells surrounded by a discontinuous medullary
sheath.

fruit stalk (100x)
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Acer pseudoplatanus L.

Sapindaceae

« Fruit stalk circular with a diameter of 2000 um

+ External width of the cortex at the longest side 200 um
+ External width of the phloem at the longest side 170 um
+ External width of the xylem at the longest side 130 um
+ Width of the pith at the longest side 800 pm

Xylem and phloem forming a continuous belt. Pith is
surrounded by >10 single, large vascular bundles with
an unlignified initial zone. Vessels radially arranged.
Largest vessels with tangential diameter of 15 um. Xy-

fruit stalk (400x)

lem with a distinct latewood zone. Phloem in an almost
rayless continuous belt with distinct, large cells. Cor-
tex consists of an external, unlignified parenchymatic
zone and an internal belt of thick-walled, lignified fibers.
Cortex and phloem without crystals. Discontinuous
periderm consisting of 1-2 rectangular cells. Epidermis
consists of thin- to thick-walled cells. Pith polygonal, ho-
mocellular, with large and small round cells surrounded
by a medullary sheath.

fruit stalk, polarized light (400x)



