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ABSTRACT

The study deals with the ontogeny of the venation pattern in the leaves of Sarcandra trving-
bailey: Swamy. The procambium of secondary, tertiary, minor veins and vein endings of the
leaf take their origin in the middle core of cells of the embryonic lamina.

The first vein to differentiate in the lamina is the secondary. The procambium of this
order is multiseriate at inception and the differentiation of the same is acropetal and progressive.
The major secondary veins differentiate first and the minor or weaker secondaries later. The
tertiaries, quarternaries and minor veinlets differentiate subsequently, the procambinm of each
order developing in a simultaneous manuner.

The development of the procambium to the serrated teeth occurs after the secondaries are
differentiated, and the wave of differentiation to the serrated teeth is acropetal and progressive,
Vein endings differentiate later in ontogeny and here again the development of the procembitm
is progressive, Vein endings lack phloem tissue and end usually in an elongated tracheary
element. .

While phloem mgaturation was acropetal and progressive, maturation of protoxylem ele-
ments in the tertiary and minor veins of the leaf was observed to be of discrete nature initially.
Later, protoxylem becomes continuous in these vein categories. Protoxylem develops acro-
petally in the vein endings.

INTRODUCTION

The available literature on the foliar vascularization pattern in angio-
sperms has already been reviewed by Foster (1952). Detailed information
on the ontogeny of vasculature in the angiospermous leaves is limited to the
publications of Foster (1952) in Quitna pteridophylla, of Pray (1954, 1955a
and b) in Liriodendron and Hosta, of Ramji (1961a) in Polyalthia longifolia.
Hence the present investigation is an attempt to study the venation pattern
in the leaves of the vesselless dicotyledonous genera Sarcandra irvingbaileyi
Swamy (Chloranthaceae).

MATERIALS AND METHODS

Materials used in this investigation were obtained and processed as
detailed in an earlier paper (Ramji 1961b). In addition to those methods,
clearing of the leaf was carried out either at room temperature or in an electric
incubator maintained at 56° C. Depending on the tenderness of the leaf,
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the concentration of the NaOH was varied from 2} to 5 per cent. Staining
of cleared leaves was carried out according to the adapted schedule outlined
by Pray (1955a).

OBSERVATIONS

It was stated in an earlier paper (Ramji 19614) that the procambium of
the petiolar-midrib of the leaf differentiated during the apical growth of the
leaf primordium. Separate strands of procambial cells develop acropetally
into the leaf primordium in continuation of the older vascular tissue of the
stem region. These strands, after traversing distinctly for a short length,
closely run together and end freely at the tip. In these strands, phloem
differontiates earlier than the xylem, and the wave of differentiation of the
phloem tissue is acropetal. Protoxylem differentiates later and the differen-
tiation takes place initially at the base of the primordium; then it continues
to proceed acropetally into the leaf primordium and basipetally into the axis.

Secondary and tertiary veins of the leaf.—To begin with, the activity of
the submarginal-initial cell produces the laminal wing on either side of the
midrib portion of the primordium. The paradermal section of the embryonic
lamina at this stage shows the plate-meristem (Fig. 12) wherein all the cells
are highly meristematic. Active cell division seems to be the main objective
at this stage. There is no clear indication in the alignment of cells of the
plate-meristem to show for the possible presence or the precursors of a future
secondary vein. The width of the lamina exhibited in Fig. 12 is 250 . The
procambium of the median vein is towards the right side in Fig. 12. The
transection of the leaf at the time of initiation of the procambium of a secon-
dary vein denotes that the initiation occurs in the middle core of cells of the
differentiating lamina (Text-fig. 1). It is evident that a group of meristematic
cells in the middle core develops into the procambial cells. Further study of
the venation pattern is based solely on paradermal sections at successive
stages of vein development. At inception, the procambium of a secondary
vein is multiseriate and the development of this tissue takes place progres-
sively. The procambial cells were identified by their elongated shape, large
nucleus and their avidity for cytoplasmic and nuclear stains. The entire
laminal half shows five secondary veins (only two are shown in the photo-
graph) deviating from the midrib (Fig. 13). By now the serrations in the
margin are becoming evident. One prominent feature at this stage is that
the procambial tissue that would give rise to the vein supplying the serration
has not yet developed. The procambium of the secondary vein increases in
thickness and length by the folowing methods of cell behaviour: (@) A single
cell elongates in the direction of the vein and undergoes division in the
vertical plane whereby both the daughter cells become constituents of the
procambium. (b) Two or three adjacently placed cells in continuation of
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the differentiated procambium may simultaneously elongate and undergo
divisions thereby contributing additional cells to the procambium. (c) Cells
of the plate-meristem lying adjacent to differentiating procambium undergo
vertical division; that daughter cell alone which neighbours the procambium
becomes a part of it while the other daughter cell, after a few divisions, contri-
butes to the plate-meristem.

Thus, a procambial strand of the secondary vein, prior to vascular
differentiation, consists of ten to fifteen cells in a group. The first set of
vascular elements to differentiate in the secondary vein is the phloem. There
is a definite delay in the formation of the protoxylem. Even at the earlier
stages the primary phloem and primary xylem could be demarcated from
each other in the procambium when the latter tissue elongates. The pro-
cambium that would mature into phloem is long and stains heavily in contrast
to the short vacuolated cells of procambium that would differentiate into
the protoxylem elements. The helical thickening of the protoxylem sets in
even when the cell possesses a strip of cytoplasm with the nucleus which
perhaps is already in a state of physiological degeneration. Both the primary
xylem and primary phloem differentiates acropetally from the midrib. By
the time the secondary veins differentiate in the leaf, the conduplicate pattern
of the young leaf changes over to a flattened dorsi-ventral structure. How-
ever, the serrate margin is pronouncedly incurled (Fig. 9).

The development of a secondary vein and its fusion with the successive
one above takes place acropetally. During this process, the differentiation
of the procambium takes place in the form of a loop, the terminal end of the
loop ultimately joining the succeeding secondary above. The extension of
the procambium of the secondary vein to take the form of a loop is accom-
plished by divisions in the cells of the plate-meristem in appropriate planes.
From somewhere near the centre of the loop, procambial differentiation from
the plate-meristem commences and proceeds acropetally into the serrations.
These represent the procambium of the prominent veins supplying the serrated
teeth (Fig. 15). The progressive nature of differentiation of the procambium
in the teeth is exhibited in Fig. 16 (arrow indicates the division figures occurring
in the cells of the plate-meristem). The differentiation of xylem and phloem
in these is acropetal while phloem matures earlier than xylem. The vein ends
freely in the tip of the serration (Fig. 10). '

After the differentiation of the major secondary vein as described above
accessory secondary veins, which are however rather weakly developed in be-
tween two major secondaries, begin to differentiate in the plate-meristem.
In contrast” to the acropetal direction of differentiation of the major
secondaries, the development of the weaker secondaries takes place somewhat
simultaneously. In other words, those cells of the plate-meristemm which
would transform into the procambium of the weaker veins exhibit more
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or less synchronous histological details. Even before divisions set in, in the
concerned cells during the growth of the procambium, the alignment of
such cells clearly indicates the topography of the vein system which is yet to
differentiate.

The tertiary vein procambium takes its origin usually from adjacently
placed bi- or triseriate files of cells (Text-fig. 2 and Fig. 14), i.e. predetermined
cells of such veins are arranged in bi- or triseriate rows in the plate-meristem.
The tertiary vein refers to the connection in between the secondary veins.
The differentiation of the procambium of a tertiary order is simultaneous.
A chain of cells in between two secondaries exhibits slight elongation in the .
direction of the concerned vein and becomes the procambium. Further
differentiation of the cells usually takes place by divisions in planes that are
parallel to the longer axis (of the concerned cells) thereby increasing the
thickness of the vein concerned. It is also noted that some of the cells of the
plate-meristem that neighbour the differentiating procambium also undergo
modifications and become included as cells of the strand (Text-fig. 2). 'The
simultaneous nature of differentiation of the tertiaries is shown in Fig. 14.
The phloem in these categories develops acropetally. whereas the xylem
differentiates later and in a discontinuous manner. Protoxylem matures here
and there in the procambial strand and establishes connection to complete
the network of xylem by further maturation in both directions.

Quarternary vein and minor veinlels—The quarternary vein differen-
tiates in between tertiaries simultaneously. Initially the procambial cells of a
quarternary vein are arranged in a biseriate fashion. Later, due to divisions
in these cells, the procambium of a quarternary vein partly becomes three-
celled (Text-fig. 3). The cells of the ground tissue at the time of differentiation
of the quarternaries slowly resolve from the usual isodiametric shape
in order to attain their morphological destiny. Differentiation of phloem
occurs much earlier than xylem in these vein categories but in contrast to
the amount of xylem present, phloem tissue is considerably less (Text-fig. 7).
The protoxylem has a discontinuous development initially; later, due to
differentiation of the tracheary cells from the remaining procambium, the
xylem becomes continuous. \

The inception and maturation of the minor veinlets proceed in the same
pattern as of the quarternary vein (Text-fig. 3). The amount of phloem becomes
still further reduced. A comparative survey of the relative amounts of
phloem and xylem in secondary, tertiary and minor veinlets (Text-figs. 5 to 7)
shows that there has been a progressive reduction in the amount of xylem
and phloem but more so in relation to the latter tissue until this tissue
becomes totally eliminated in the vein ending (Text-fig. 8).

Vein endings.—With the formation of the minor veinlets, the areoles
become determined, The ground tissue is somewhat meristematic at the time
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the areoles are differentiated. Due to divisions in the cells of the ground
tissue that is enclosed by the procambial strands, enlargement of the areoles
takes place.

The formation of the vein ending is considerably delayed and takes
place only after the areoles have become somewhat determined. The differ-
entiation of the procambium of a vein ending is progressive (Text-fig. 4). Itis
usually uniseriate but at times becomes biseriate due to division of the pro-
cambial cells. The vein ending is simple, free and typically consists of an
elongated single tracheary cell. The development of protoxylem in the
vein ending is progressive and occurs at a very late stage. The cells of the
mesophyll at this stage of laminal development are parenchymatous, and
loosely arranged with prominent intercellular spaces.

In a majority of cleared preparations of mature leaf examined, the large
areoles showed the presence of a single vein ending. The vein ending is thin
and long. Instances were not lacking wherein a vein ending forked into two
at the tip (Fig. 11). Usually the areoles contained only one vein ending.

DiscussioN

The earlier papers dealing with the vasculature of the foliar appendages
are not so exhaustive as to include the ontogenetic aspects. Till now, in-
formation on the ontogeny of vasculature in angiospermous leaves is limited
to the publications of Foster (1952) and Pray (1954, 1955qa, b).

In Sarcandra, the cells of the plate-meristem are all isodiametric and the
procambium of the secondary vein originates in this meristem. At in-
ception, the procambium of a secondary vein is multiseriate and its course of
differentiation is acropetal. In Liriodendron (Pray 1955a) and Polyalthia
(Ramji 1961a) the characters of the plate-meristem are similar to what
obtains in Sarcandra. In contrast to the acropetal differentiation of the
secondary veins in Sarcandra, ‘the tertiary veins joining the secondaries along
the margins’ (Pray 1955¢) differentiate earlier than that of the secondaries
in Liriodendron. In Quiina (Foster 1952), Liriodendron (Pray 1955a) and
Polyalthia, the secondaries are multiseriate at inception and further differ-
entiation of these is progressive as in Sarcandra. However, there is one
deviation in Sarcandra from Liriodendron : the differentiation of the secondary
in the former is progressive until it forms the upturned loop near the margin
and joins the successive higher secondary vein, whereas in the latter, the
marginal vein differentiates first.

In Sarcandra, the major secondaries differentiate first and the differen-
tiation of the weaker secondary vein proceeds at a later phase along with the
tertiary vein development.

The procambial cells of tertiary veins in Sgrcandra arising in between
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the secondaries are biseriate or three-celled strips at inception. Widening of
these tertiary vein procambium is primarily due to divisions of the procambial
cells themselves. But at cerbain places, the cells of the plate-meristem that
confront the procambial cell of a tertiary vein may divide and contribute
derivatives to the concerned vein. The development of the tertiary vein
procambium is simultaneous. In Liriodendron, the procambial cells of a
tertiary vein are uni- or biseriate strips at inception and differentiate simul-
taneously across the panol. Multiseriate nature of the procambial cells in
this order is brought about by the division in the single series of procambial
cells. In Quiina the characteristic lineolate pattern of intercostal venation is
clearly foreshadowed by the division of the procambium-producing layer of
the ground meristem. The cells of this layer are elongated and oriented at
right angles to the course of the major secondary veins. Thus, there is an
early demarcation of procambium and ground tissue. Even though Foster
(1952) speaks of such an early demarcation, yet he is not confident about
the nature of differentiation of the intersecondaries and is of the opinion that
it may also be progressive. Further, the enclosed uni- or biseriate strips of
interveinal parenchyma are determined early in ontogeny. On the contrary,
in Liriodendron, Polyalthia and Sarcandra, the large meshes of polygonal
areoles containing isodiametric meristematic cells possess the capacity to
produce additional procambial strands for a long time. Unlike the early
demarcation of the procambium and ground tissue in Quiina, additional
procambial strands are developed in Liriodendron, Polyalthia and Sarcandra
when each ‘ primary areole’* becomes subdivided further. Similarly, in Hosta
(Pray 1955b) also, the ground meristem delimited in between the commissural
strands possesses the capacity to differentiate additional procambial strands.

Comnspicuous enlargement of a continuous series of cells across a ‘primary
areole’ marks out the procambial cells of the quarternary and minor veins in
Sarcandra. This course of quarternary and minor vein initiation seems to
be present in Liriodendron and Polyalthia. In Hosta, however, the minor
veins, i.e. the anastomoses between commissural strands, arc shown to develop
progressively (Pray 1955b).

The vein ending in Sarcandra is usually simple and generally unbranched
and always ends in a helically thickened tracheary cell. The ultimate areolc
is relatively large and usually contains a single vein ending. In Liriodendron,
the areoles are polygonal and contain a branched vein ending (Pray 1955a).
Differentiation of the procambium of a vein ending is progressive in all the
four plants—Liriodendron, Hosta, Polyalthia and Sarcandra. The inception
stages of the vein ending in all these plants are similar.

* In this paper the term ‘primary areole’ is employed to designate that areole which will
become subdivided into minor strips of areoles by the formation of additional procambial con-
nections in the ground tissue (e.g. the areole in the left half of Text-fig. 3).
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The maturation of vascular tissues in the procambium of the principal
veins in the above-mentioned plants takes place in the following manmer :
Protophloem differentiates earlier than protoxylem and occurs in an acropetal
fashion. Primary phloem is generally present in all the principal veins, i.e.
primary, secondary and tertiary. But the quantum of well-defined phloem
tissue becomes reduced in the minor vein categories, and it is totally lacking
in the vein endings of Sarcandra. In contrast, the minor veins and vein ending
in Hosta (Pray 1955b) possess phloem tissue.

The development of the protoxylem in all the principal veins in the leaves
of Sarcandra is generally continuous. However, discrete nature of pro-
toxylem development was observed to occur in the tertiary vein procambium,
Later, through intercalary differentiation, continuity of the protoxylem
is established. This discontinuous nature of development of protoxylem
is pronounced in the minor veins. This phenomenon is reported in Lirio-
dendron, Hosla and Polyalthia. The progressive nature of differentiation of
the protoxylem is seen in the vein endings in all the above plants.

In general, one feature seems to be common in the leaves of these plants
so far reported. Although it must be admitted that the number of angio-
spermous representatives that have been investigated from the point of view of
ontogeny of vascular tissues is meagre, a résumé of the available data indi-
cates that the differentiation of procambium is continuous in the leaf. This
is 80 in the vegetative axis as already voiced by contemporary opinion (Esau
1943, 1954). ‘

Goebel (1922) and Troll (1938) developed and extended in considerable
detail the ideas that the distribution of longitudinal and transverse growth of
the lamina determined the course of the vein system in the leaf. Their state-
ments, however, suffer due to lack of ontogenetic details. The present liter-
ature regarding the histogenesis of the venation pattern is very limited. But
in all these there is evidence to satisfy the views of Troll (1938) only with
regard to the origin of the secondary vein. With regard to the simultaneous
differentiation of the tertiary vein procambium in Liriodendron and Sarcandra,
as well as the early demarcation of the procambium from the ground
meristem in Quiina, the views of Troll (1938) seem to be inapplicable. Fur-
ther, the development of the vein ending proceeds rather late by which time
the chlorenchymatous ground tissue is getting determined. Under such
circumstances there is no evidence to suggest a unidirectional growth, which
should probably be so according to Troll (1938), in case the vein endings
are to be produced.
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ExpPrANATION OoF TEXT-FIGURES 1 TO 8

Text-fig. 1. 'Transection of an embryonic lamina showing the grouped arrangement of the
procambial cells of a secondary vein. in the central core.

Text-fig. 2. Paradermalsoction of anembryonic lamina showing the simultaneous differentiation
of a tertiary vein procambium which is partly bi- and triseriate. The division
in a cell of plate-meristem indicates that the daughter cell would enlarge and
become procambium,

S-—denotes the secondary vein procambium.

Text-fig. 3. A ‘primary areole’ split into three by the formation of a quarternary vein pro-
cambium and a minor vein procambium. The areole in the left half of the
figure is big and this may become still divided into minor strips by the
formation of additional procambium.

Text-fig. 4. Differentiation of the procambium of a vein ending.

Text-figs. 5 Transections of secondary, tertiary and minor veins respectively.

to 7. 8—Sieve cells, ¢—Companion cells.

Text-fig. 8. Transection of a vein ending showing the presence of a tracheary cell.

All figures X 3765.

EXPLANATION OF PLaTEs X anND XI

Fiaures 9 10 17

Fia. 9. Cleared embryonic leaf showing the incurled nature of the serrated margin. The
tracheary cells have developed in the secondary veins. The midrib is towards the
right side of the figure. X 60,

F1a.10. Cleared leaf margin showing the vascular supply to the serrated teeth that ends freely
at the tip. X 45.

Fia. 11. Cleared leaf showing & forked vein ending. X45.

Fie. 12. Paradermal section of an embryonic lamina showing the plate-meristem. The midrib
is towards the right side of the photograph. X 540.

Fia. 13. Paradermal section of a developing lamina showing the multiseriate nature of the
secondary vein procambium. Only two secondary veins are seen in the photograph.
The serrated teeth in the margin are just developing. X 320.

Fiq. 14, Paradermal section of a developing lamina showing the simultaneous inception of
tertiary vein procambium between adjacent secondaries. X280,

Fra. 15. Paradermal section of a lamina showing the procambial development to the serrated
teeth. X 260.

F16. 16. Enlarged view of teeth in which the procambium is seen to develop acropetally. Arrow
indicates the division in the cells that lie in the path of procambial development.
X 360,

F1a. 17. Paradermal section of a somewhat mature lamina showing the procambial vein ending.
The areole is considerably large. X 100.



