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SUMMARY

The structure of the shoot apex of Rotala rotundifolia is described with special attention to

the initiation of leaf and axil bud primordia. A comparison is drawn between the vegetative

shoot apex in aquatic and terrestrial plants and the apex of the inflorescence. The histogenesis

of the apex is consistent with the tunica corpus hypothesis of Schmidt (1924). The zonation

in the apex is clearly defined, easy to delineate, and stable. The number of apical initial cells

is low. A quiescent zone has not been observed. All types of leaf are initialed in the second

layer of the two-layered tunica, very close to the centre of the apex. Corpus cells do not

participate in the formation of the leaves. Buds in leaf-axils are formed by derivatives of

corpus-cells surrounded by a two-layered tunica.

An axial procambial cylinder, provided with a pith, appears above the entry ofthe youngest

leaf-traces.

It is concluded that the three types of apex in Rotala rotundifolia (the vegetative apex in

terrestrial and submergedplants and the inflorescence apex) are built up in the same manner.

1. INTRODUCTION

A comprehensive study by Hagemann(1963) on the structure of the apices

of, for example, Oenothera and Cheiranthus showed an almost complete simil-

arity between the apex of the vegetative shoot and that of the racemose in-

florescence. Reeve (1943), who described the structure of the foliage shoots

and catkin apices of Garrya, and Michaux (1964), who described the structure

Various studies have been published on the histogenesis of the shoot apex of

heterophyllous hydrophytes whose heterophylly appears to be a response to

emergence or submergence.
The study of the vegetative shoot apex in Myriophyllum heterophyllum during

the production of its submerged, transitionaland aerial leaves revealed a great

similarity in the apex which produced them (England & Tolbert 1964). In

Callitriche intermedia there is no disparity of size or structure between the

apical domes of linear-leaved and ovate-leaved shoots (Jones 1955a,b). Also

in Ranunculus flabellaris there is no variation in the size or organization of

either submerged or terrestrial apices throughout the formationof diverse leaf

types (Bostrack & Millington 1962). Hippuris vulgaris, in contrast, does

show variation of apical structure. Submerged apices are larger than aerial

apices and of a different shape (Me Cully & Dale 1961).
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of the vegetative and reproductive shoots of Jussieua, also concludedthat vege-

tativeand reproductive shoot apices were similar.

In Rotala rotundifolia it is possible to make a comparative study of all three

types ofshoot apex.

In this paper 1 will discuss the initiation and early development of leaves,

bracts and axial buds. In my next paper on the subject I will compare these

results with a study ofthe initiationand early development of the flower-parts.

2. MATERIALS AND METHODS

Rotala rotundifolia (Roxb.) Koehne is one of the most suitable Lythraceae for

observing the histogenesis of the flower, because of the regular arrangement of

the flowers in the spikes. The flowers are arranged in four straight rows along

the axis and the distance between the flowers and buds is small. Because of this

it is possible to obtain two series oflongitudinally sectioned buds and primordia

of steadily increasing age by making a longitudinal section of one spike. The

spikes are easy to adjust in the right cutting plane, making it possible to get a

convenient numberof series of exactly median sections of primordia and buds.

The shoots and inflorescences of Rotala rotundifolia were collected at the

Hortus Botanicus of Groningen. The terrestrial form was cultivated in green-

houses and placed outside to flower in the summer. The aquatic form was cul-

tivated in aquaria.

All material was fixed in 70% FPA. Serial longitudinal and transverse sec-

tions 6 [im thick were cut. The stains used were astra blue, safranin and aura-

min after MaAcz & Yagas (1963).

3. GENERAL FEATURES OF THE PLANT

Rotala rotundifolia (Roxb.) Koehne is a glabrous perennial with sparsely

branched, erect stems with ascending base. The leaves are opposite and mem-

branous, about 10-12 mm long and 8-9 mm wide. A submerged aquatic form

shows shorter internodes and narrower leaves about 3 mm wide and 10-12 mm

long.

The inflorescences are terminal spikes bearing flowers in the axils of small

bracts. The bracteoles are lanceolate. The calyx-tube is obconial, about 1 mm

long, 4-lobed; the 4 petals are inserted on it. The number of stamens is 4 and

the capsule is 4-valved. The ovary is partially quadrilocular. The placentation

is axile.

4. THE INFLORESCENCE APEX

4.1. The zonation of the apex

Median longitudinal sections of the apex show a regular and stable configu-
ration ofthe cells.

The tunicaand corpus in the sense of Schmidt(1924) are clearly present. The

two superficial cell layers show exclusively anticlinal divisions, except in the leaf

primordia and, as in this case, the bract primordia. The two layers are stable
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and there is no mingling of cells either among them or with the layers under-

neath. The inflorescence apex therefore consists of a two-layered tunica and a

corpus.

4.2. Tunica

I will call the first and the second tunica layers T 1 and T 2, respectively.

Except for the bract and axillary bud primordia I didnot observe in the tunica

layers a zone with different staining properties or increased mitoticactivity and

could not therefore investigate the apical initial cells or other special cell-

groups. It was often evident that two adjacent tunica cells belonged to one cell

lineage. Sometimes, with the exception of one or two extremely apically situated

cells, the whole apical part of one tunica layer above the youngest leaf primor-
dium was built up of such lineages, looking like pairs of cells in a longitudinal

section.

4.3. Corpus
The cells of the corpus of the apex can be divided into a small group of apical

cells and a great numberof rather regular files of cells.

The apical cells of the corpus often lack any obvious mitotic relationship to

the characteristic files which lie basally or peripherally to them. They form a

small groupof cells mostly about four to six in number. These apical cells appear

to divide in differentplanes and may be called the corpus initials in the sense of

Newman (1956). According to Newman’s theory “the emergence of these cells

is slow, but continuous and of long duration”. When it divides, each initial cell

produces one new initial cell and one cell which “starts delivering a part of the

general meristem”. This second cell and its derivatives divide several times to

produce the typical files of cells.

In the cell-files of the general meristem most cell divisions are in planes at

right angles to radii centering at the summit of the corpus, or, in the more basal

cells and the cells of the central files, in transverse planes. A few divisions are

periclinal, causing doubling of the files. In the procambial sheath in particular

longitudinal divisions are temporarily more frequent.

Very near the apex procambial tissue becomes visible by the more intensive

staining and the narrower shape of its cells. It forms a cylinder enclosing a pith.
At this level leaf-traces are not yet visible. The pith consists Of a narrow

strand of wider, more vacuolatedcells. It is only 4-5 cells wide.

I did not find it possible to distinguish between a flank meristem and a pith
rib meristem. Thereare no sharp structural delineationswithin the meristem to

justify such a distinction, nor is it possible to predict whether any particular
meristem cell will become a cortical, procambial, or pith cell later. I am not sure

whether the term primary elongating meristem proposed by Sachs (1965) covers

all the meristem of the apex except the initials in this case. Therefore I will call

it simply the general meristem in the sense of Newman (1961). This general

meristem can be divided here into two tunica sheaths and the general corpus

meristem.
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4.4. The vascular system

In the shoot apex of Rotala the youngest procambium can be easily observed

by the repeated periclinal divisions of its cells and their increased propensity to

take up stains. The procambium is already present above the level of the

youngest leafprimordium. It forms a cylinder with the future pith cells within

it. There is no reason to interpret the pith as xylem parenchyma, as Sanio

(1865) and Arber (1920) did in Hippuris. The pith is not connected with the

xylem in Rotala, and the ephemeral cauline tracheal elements, which Sanio and

Arber observed in the pith region of the vascular cylinder of the Hippuris apex,

are absent here.

Leaf traces are formed during the second or third plastochron. They are

immediately connected with the axial procambial cylinder. Leaf gaps are

lacking.

The mature vascular cylinder consists of three concentric layers, an outer and

an innerlayer ofphloem, and a middlelayer of xylem. The pith remains a narrow

cylinder. The numberof pith cells in a transverse section does not exceed 20.

4.5. Origin of leaf primordia

In longitudinal sections taken in the plane of the leaves the initiationof a pri-

mordiumis usually indicated by the appearance of a periclinal division in a cell

of the second tunica layer (T 2). This first division is immediately followed by a

periclinal division in the adjacent cell of the T 2 below the one which divided

first.

Several times the first periclinal mitosis has been observed in the third cell of

the T 2 layer from the central point of this layer in the apex. In other words, the

first mitosis preliminary to the development of the leaf primordium may take

place very near to the centre of the apex. Only the four most centrally sited T 2

cells in a medium section never show periclinal divisions.

Subsequently further periclinal as well as anticlinal divisions occur, causing

the second tunica layer to protrude. At the same time the distance from the

centre ofthe apex gradually increases.

Each dividing T 2 cell forms a file of cells in the directionof the leafaxis. The

numberof files in a longitudinal section is usually about four.

Fig. 1-4. Median sections of apices. Staining according to Maacz & Vagas.

Fig. I. Aerial vegetative shoot apex. X 260.

Fig. 2. Submerged vegetative shoot apex. Leaf initiation in T 2 on both sides of the apex.

Note periclinally dividing cell of procambial tissue on the level of the youngest leaf initiation

on the right side of the apex. X 670.

Fig. 3. Inflorescence apex. From top to bottom: early leaf initiation,early bud initiation,leaf

primordium, and bud primordium. Note the clearly delineated T 1 and T 2 in the older bud

primordium. x 670.

Fig. 4. Inflorescence apex. Early stage ofbud primordium. Radiallyelongatedcells in T 1 and

T 2. The zigzag line from the elongatedT 2 cells to the bottom ofthe pictureborders derivatives

from the corpus (left) and the T 2 (right). X 1000.
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When the distance of the leaf primordia from the centre of the shoot apex

has increased to about five T 2 cells, periclinal cell divisions occur in the first

and second corpus layer adjacent to the tunical cells of the leaf primordium.
These periclinal divisions cause a smallprotrusion of the corpus in the direction

of the leaf. In most cases this protrusion consists of files with a length of not

more than four cells. The leafproper is formed of cells of tunical origin only.

The epidermis of the leaf develops from cells of the first tunica layer. All the

rest of the tissue develops from cells of the second tunica layer. In most longitu-

dinal sections it is easy to observe that each of the two files of cells which con-

stitute the subdermal part of the young leaf derives from one cell of the second

tunica layer.

In the expanding leaf primordium more subdermal layers are formed by

periclinal divisions. The vascular tissue also has its origin in tunical cells.

The marginal growth of the lamina, which starts later, is of the so-called

abaxial type, described by, for example, Foster (1936) in Carya buckleyi. The

epidermal layers originate from marginal strands of cells. Subepidermal layers

originate from submarginal strands. A middle layer arises as a result of peri-
clinal divisions in the abaxial subepidermal layer of the lamina.

4.6. Origin of axillary bud primordia

The investigations presented in this chapter concern only the flowerbuds of the

inflorescences.

The initiation of the bud primordium in a leaf axil can be observed at the

same moment as the next pair of leaves in the same plane is initiated by the

first periclinal division in the T 2 cells. There are therefore at the moment of

initiationtwo pairs of leafprimordia youngerthan the pair in the axils of which

the bud primordia arise. The distance between that pair of leaves and the sum-

mit of the shoot apex at that moment amounts to about eight T 1 cells.

The first visible signs of bud initiationare frequent anticlinal divisions in the

two superficial layers T 1 and T 2. The tunica cells also stretch radially and

temporarily assume a radially elongated shape, particularly the cells of the T 2.

Soon the corpus cells adjacent to the anticlinally dividing tunica cells show

periclinal divisions. The third and the fourth layers of the stem take part in

these divisions.

As a result of these cell divisions a rounded protuberance arises in the axil of

the leaf. In the next stage the enlargement of the primordium is predominantly
due to divisions of the corpus cells. These cells first give rise to about five files

of cells comparable with the files in the apex of the main axis. The shape of the

tunica cells of the primordium now returns to normal. It is notable that the

tunica appears to show a certain plasticity enabling it to surround the corpus

closely while the primordium bulges so rapidly. This radial elongation of cells

in the bud primordium, although in slightly different layers, was already noted

by Zimmermann(1928) in Hypericum and by Sharman (1945) in Agropyron.
The bud primordium under discussion is so small that the cell stratification

is very difficult to investigate. The rounded shape of the primordium implies
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that only sections which are precisely median through the primordium and the

stem can be used; non-median sections give a misleading picture and often

appear to show more thantwo tunica layers because of the peculiar shape ofthe

tunica cells. In such a section also, the divisions in the tunica layer may appear

to be periclinal rather thananticlinal.

5. THE AERIAL VEGETATIVE SHOOT APEX

The morphological differences between the vegetative and the reproductive

shoots are the longer internodes, the larger leaves, and the mostly dormant

axillary buds of the vegetative shoots.

Internode length in the vegetative shoots is 15-23 mm, in the inflorescences

2-3 mm. The leaves of the aerial vegetative shoots have an average length of 11

mm and an average width of 9 mm; for the inflorescence bracts the average

measurements are 3 and 2.5 mm respectively.

Shape, size, and cell configuration in the apices in both types of shoot are

identical. In the vegetative, as in the reproductive, shoot apex the two-layered

tunica is conspicuous. The tunica cells never show periclinal divisions, except in

the leafprimordia. The leaves of the vegetative shoot are initiated exclusively

by tunical cells, just like the bracts of the inflorescence. Although the leaves are

obviously larger and thicker than the bracts, corpus cells do not take part in the

formationof the leaves.

In all leaf axils buds develop. The initiation of these buds does not differ

from the initiation of the flower-buds of the inflorescence. Tunical layers

and corpus in the vegetative bud develop from cells of the comparable layers in

the main apex. In a very early stage the bud apices give rise to at least two pairs

of leaf primordia. After this they become dormant buds. Only a few of them

show further development at a later moment and produce a lateral branch of

the main axis.

6. THE SUBMERGED VEGETATIVE SHOOT APEX

The macroscopic appearance of submerged shoots of Rotala rotundifolia is

quite different from both emergent shoots of the same plant and shoots of en-

tirely terrestrial plants. The internode length averages 11 mm in submerged

shoots and distinctly exceeds that of emergent or terrestrialshoots.

Cell-configuration appears to be the same in submerged as in terrestrial

shoots. Cell zonation is exactly the same and also the size of the cells appears to

be the same. There is a slight difference in the numberof cell files in the corpus.

In median section there are, on the average, 7 cell files just below the dome-

shaped part of the apex of the submerged shoot and 8 cell files in terrestrial

shoots, whether vegetative or reproductive. This correlates with the fact that

the submerged shoot, just below the dome-shaped part of the apex and ex-

cluding the leaf primordia, averages 0.65 mm diameter while the terrestrial

shoots average 0.70 mm.
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The leaves of submerged shoots are much narrower than those of emerged

shoots, they measure 10-12 mm in length and 3-4 mm in width.

The initiationof leafprimordia is identical with the same process in terrestrial

shoots.

The difference between the internode elongation of the submerged and the

terrestrialshoots is already visible in the shoot apex during the first plastochrons;

for example, the distance between the first and the third pair of leafprimordia is

much greater in the submerged than in the terrestrial apex.

Although the submerged shoots sometimes branch, only few cytohistogeneti-

cal signs ofbud initiationare visible in the apical region of the shoots.

The protrusion of the procambial cylinder above the youngest leafprimordia

is much more conspicuous in the submerged shoot apex than in the terrestrial

shoot apex. This is caused by the early internode elongation in the submerged

shoot.

7. DISCUSSION

The shoot apex of Rotala shows a simple arrangement of cells with well-defined

boundaries between the zones. If, from the literature, one compares apices of

different sizes it becomes apparent that complicated cell arrangements with

diffuse boundaries are generally found in large apices (Newman 1961). Small

angiosperm apices usually have the simple, clear arrangement as seen in Rotala.

Among the shoot apices studied by various authors the Rotala apex most

closely resembles the apices of the dicotyledons Hippuris (Herrig 1915,

Jentsch 1960, Lance-Nougarede & Loiseau 1960), Myriophyllum (England

& Tolbert 1964, Jentsch 1960), and Utricularia (Troll & Dietz 1954) and the

monocotyledons Elodea! (Lance-Nougarèdh & Loiseau 1960, Savelkoul 1957,

Fig. 5. Scheme of the derivatives from the three tiers of apical initials. From left to right

T l,T2andcorpus.
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Stant 1952) and Potamogeton (von Schalscha-Ehrenfeld 1941). All these

plants have slender apices and all grow either in water or in swamps. It is

not, however, entirely true that only aquatic angiosperms have these charac-

teristically small apices. The shoot apex of Casuarina is slender, sharply curved,

and shows many of the features typical of water plant apices (von Gutten-

berg 1955).

In the shoot apex of Rotala the number of initial cells is very low. Because

the apex clearly represents the duplex type in the sense of Newman (1961), the

initials can be divided into tunicaand corpus initials.

The identificationof the tunica initials cannot be made directly but only by

deduction from the pattern of cell activity. The periclinal divisions of leaf ini-

tiation start very near to the centre of the apex. It must be assumed that leaf

initiationdoes not take place in the continuously meristematic apical cells. The

leaf primordia presumably move towards the base and the small number of

T 2 initial cells must therefore be situated more apically than the site of leaf

initiation.

The corpus initials are easy to locate when the cell pattern in the apical part

ofthe corpus is studied.

Measurementsof the rate of mitotic activity were not made; but from obser-

vationof the nuclei it could be seen that divisions in the initial cells did occur,

albeit very infrequently. A special zone lacking mitotic activity, which could be

called “meristeme d’attente”, does not exist in the shoot apex of this species.

One would expect that the rate of mitotic activity would vary in different

parts of the shoot apex. This is the direct result of the shape of the apex and it

can be inferred that in the dome-shaped part the superficial cells divide more

frequently than do the interior cells. Soma & Ball (1963) demonstrated, by

marking the cells, that in theLupinus shoot apex the superficial cells shifted in a

basal direction and that cells originally situated in the centre of the apex also

shifted. They also demonstratedthat cells of the second tunica layer and cells of

the corpus, which were incidentally marked when the T 1 cells were marked,

shifted simultaneously with the T 1 cells. These layers of the shoot apex there-

fore appeared not to move with respect to each other, but to shift as a unit

during apical growth. To maintain the external shape of theapex, it is obviously

necessary for cells in differentlayers to shift at differentrates since they must all

take exactly the same time to shift from the centre of the apex to the point at

which the dome-shaped part passes into the cylindrical part. To reach this

point cells from T 1 have to cover a greater distance than cells from T 2. The

cells which shift most slowly must be the ones just lateral and basal to the

corpus initials. There is no visible evidence that the different rates of cell move-

ment are caused by differentdegrees of stretching in the more apical cells.

It is clear that a well-balanced growth of the shoot apex requires a difference

in mitotic rate between the cells around the summit of the corpus and the more

peripheral and basal cells. As Newman (1961, 1965) stated in his excellent

papers, differences in mitotic activity in different parts of the apex depend on

the form of the apex and the structure of the layers in it. They are not based on



16 O. C. DE VOS

fundamental differences in the function or destination of the observed zones.

They are necessary to maintainthe external shape ofthe apex.

Buvat (1955) postulated an apical zonation with the so-called “meristeme

d’attente” and “anneau initial.” These zones are entirely absent in the shoot

apex of Rotala. The absence of these zones also from the apex of Elodea densa,
another aquatic plant, was proved irrefutably by Savelkoul (1957), who

measured the exact distribution of the mitotic activity. Some workers of the

French school accepted the predominant importance of the apical zone rather

than the anneau initial providing the shoot apex with new cells in a numberof

aquatic and subaquatic angiosperms (Lance-Nougarede & Loiseau 1960,

Loiseau 1969). They mention Callitriche, Ceratophyllum, Elatine, Elodea, Hip-

puris, Hottonia, Myriophyllum, Potamogeton and Utricularia. They consider

the structure and the meristematic activities of the shoot apices of these plants

to be totally different from those of other angiosperms. These typical aquatic

plant apices also have other deviating characteristics. Most of them have a

massive vascular cylinder in the centre of the stem. The leaves are often initiated

relatively far from the centre of the apex. The procambial cylinder reaches

above the level of the youngest leafprimordia. Leaf gaps are absent. Lance-

Nougarede & Loiseau (1960) stated that the leaves of these aquatic plants

more closely resemble the microphylls of the Psilophytales (i.e. Psilophyta and

Microphyllophyta ) as definedby Bower (1935) than normal angiosperm leaves.

These microphylls are characterized by their peripheral origin, their innervation

by, at most, one unbranched vein, and their independence of the activities of

what they call an anneau initial. Not all the aquatic plants listed by Loiseau

(1969) show the complete range of details. For example, independent leaf traces

or a pith may be present. It must be presumed therefore that intermediate

forms exist. Rotala resembles the other aquatic genera listed in most of its fea-

tures, but it does possess a pith. In this respect it is identical with Cabomba

(Loiseau 1969).

The main question to be answered is whether we can speak of a genuinely
distinct shoot apex typical for the aquatic angiosperms species. There certainly

seem to be a lot of correlated features; but possibly the only fundamentally

different characteristic is the narrow, elongated shape of the shoot apex - the

other features being secondary to, and dependent on this. The view that the

leaves of these aquatic plants are not homologous to other angiosperm leaves

seems to me unfounded. All the leaf types in Rotala, submerged and emerged,

possess a reticulate venation which does not resemble the single unbranched

veins ofthe microphylls.

Shape, size, and cell configuration in the reproductive shoot apex and the

terrestrial vegetative shoot apex are identical. This agrees with the conclusions

of Hagemann (1963), Michaux (1964) and Reeve (1943), who studied i.a.

respectively Oenothera, Jussieua, and Garrya. They found a similar correspon-

dence in the apical structure of the vegetative shoot and the inflorescence.

Certain ontogenetic studies have indicated that there is a change in size and

in organization in the apex in leafproduction during the transition from juve-



17THE ANATOMY OF THE SHOOT APEX OF ROTALA ROTUNDIFOLIA

nile to adult leaf form (Allsopp 1954; Millington& Fisk 1956). But they were

made in plants showing heteroblastic development. Heteroblasty is not neces-

sarily comparable with heterophylly which is not directly related to the maturity

or physiological age of the plant. The shoot apices of most heterophyllous

aquatic plants are reported to show no difference in size or structure whether

producing the submerged or the aerial type of leaf. (Bostrack & Millington

1962, England & Tolbert 1964, Jones 1955a, b). Also the shoot apex of

Rotala rotundifolia does not show difference in organization whether the sub-

merged or aerial leaves are initiated. The slight difference in size and shape

cannot be fundamentally important.

As stated earlier in this paper, the origin of the leaf in Rotala is restricted to

the second tunica layer. The origin of the axial buds is restricted to deeper layers.

These features are constant both in Rotala and some other members of the

Lythraceae investigated by the author. Good recent reviews about leafand bud

initiationare given by von Guttenberg(1960) and Popham (1966). In Rotala

the relation of leaves and buds to tunica and corpus is so constant that we may

expect it to be an aid in investigating the homology of the flower-parts. This

willbe done in my next paperon this plant.
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