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ABSTRACT

Based on a study of aduit and juvenile plants of over a dozen selected taxa of ferns it is
shown that the cormophytic plant body is composed mainly of leaves and roots associated
with them. Each leaf is associated with a basal root and one or more lateral roots, and the
main bulk of the stem consists of leaf bases; no roots other than leaf-associated ones de
occur. Vascular differentiation occurs associated with leaves and roots only. Basal regions
of vasculature of leaves are interconnected to constitute the stele found in the stem.
Protostele of juvenile plants is a product of interconnected bases of simple cylindrical
vasculature of yjuvenile leaves, Transition from protostele to dictyostele is correlated with
change to channel-like form of leaf vasculature and not by parenchymatisation of centre
of protostele. Axial theory, Stelar concept and Size and Form hypothesis do not explain
the characteristic morphology of primitive vascular plants. The present study supports

Phyllorhize theory to some extent.

INTRODUCTION

ONE of the enigmas in history of evolution of
| green plants 1s how vascular plants came to
have a cormophytic plant body (i.e. a body
composed of three morphologically different
parts viz. root, stem and leaf). It is accepted that
vascular plants are derived from green algae,
since these algae are the only group which
antedate vascular plants in evolutionary history,
are simpler in structure organisation and life
history, and at the same time share an array of
significant common characters such as chloro-
plast ultrastructure, complement of chloroplast
pigments, process of photosynthesis, basic
nature of carbohydrate synthesised, occurrence
of 1,4-glucan solely within plastids, capacity to
produce sporopollenin, flagella characteristics
and presence of cellulose and hydroxyproleine
rich protein in cell wall; in addition they possess
enzymatic complement similar to lignin-syn-
thesising reaction pathway of vascular plants.
However, vascular plants differ from all algae in
several distinctive morphological features such
as possession of a cormophytic plant body, well
organised tissuc systems, charactenistic cuticular
covering (and stomatal mechanism), and distinc-
tive vascular system, the evolutionary history of

none of which is known. No intermediary life
forms which give a clue to the evolution of these
characters are known. Hypotheses which can
hardly be verified experimentally, like Axial
Theory, Stelar Concept, Size and Form
Hypothesis, etc. attempt to give a rational expla-
nation to the morphological peculiarities which
distinguish vascular plants from algae.

The popular concept regarding evolution
claims that from a heterotrichous algal ancestor
evolution of vascular plants took place by reduc-
tion and ultimate loss of the creeping system of
branches of the plant body and the elaboration
of the erect system of branches in such a way that-
the latter formed an erect axis havhng an apical
growing point!:2. This upward growing axis
(stem) is interpreted by the Axial theory as the
principal organ on which leaves and roots are
borne as appendages. Based on an e¢atensive
study of pteridophyte gametophytes, Nayarh4
has shown that at least among the gametophytic
generation of this most primutive group of vas-
cular plants, it is the crecping system of branches
of the heterotcichous ancestor which got elab-
orated to form the plant body, and the erect
system plays only a munor role. The creeping
system during evolution acquired a lateral ring-
like meristem (resulting in horizontal growth)
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and later an apical mernistem (resulting in upward
growth) in addition, It is hypothesised that the
process of evolution was probably simtlar n
the sporophytic generation also (particularly of
ferns), the lateral ring-like mernistem giving rise to
leaves while the less dominant apical meristem
giving rise to the stem. According to this, both
the stem and the leaf are primary organs and leaf
1s not an appendage borne on stém as maintained
by Axial theory. In sharp contrast to Axial
theory is the Phyllorhize theory® of cormophytic
construction of body of vascular plants. This
theory supports the classical Phytonic concept
w hich maintains that all diverse parts of shoot in
vascular plants are metamorphosed leaves, the
stem being a construction of ‘phytons’ or seg-
ments of which leaf bases or extensions thereof
are the fundamental umits. Though it concerns
only with fern sporophytes and has never gained
popularity, the Phyllorhize theory holds that the
plant body is constituted entirely of phyllorhize
units consisting of an upward directed leafand a
downward directed root connected together, and
malntains that juvenile sporophytes are com-
posed of one or more phyllorhize units and
initially have no stem; a stem comes into exist-
ence only when fusion of phyllorhizes takes place
and arnses laterally on the phyllorhize as a bud.

The widely accepted Stelar concept® is primar-
ily based on the Axial theory and maintains that
vascular tissue which occurs in all regions of
plant body (stem, root, leaf) together constitutes
one umt and forms an organ, the stele, which has
a definite morphology and in which evolutionary
changes occur 1n a predictable manner.
Vasculature of the axis or stem constitutes the
main part of the stele and gives off vascular
connections to leaves and roots?. Most morphol-
ogists accept the stele as primarily cauline, in that
it is developed from the shoot apical meristem®.
Bower!® proposed the Size and Form hypo-
thesis to explain the different forms in which
stelar cylinders occur in the axis of vascular
plants, and currently it is accepted that stelar
evolution took place as enunciated by this hypo-
thesis. It maintains that the surface exposed by
the stelar cylinder to living tissues surrounding it
is critical, and it is not posssible for the plant to

function beyond a specific proportion between
volume of stele and surface exposed by it. As the
size of stele increases either during growth of
individual plants or 1n the course of evolution, its
volume increases in geometric proportion while
surface area increases in arithmetic proportion
only. The hypothesis presumes that the increase
in the size of stele would ultimately reach a stage
where further increase without increase in the
surface area becomes untenable; at this stage a
change in the form of the cylindrical shaft-like
stele occurs (fluting of surface as in Lycopodidae
or development of a central pith as in
Filicopsida) whereby surface area is increased
considerably. The Phyllorhize theory, mentioned
above, offers a totally different interpretation of
stele, supporting Hanstein’s Leaf-trace con-
cept'’ which currently has several sup-
porters'*-1%. The few detailed studies reported
in hiterature?®?! on juvenile sporophytes of ferns
also appear to support the Phyllorhize concept.

The present communication is a brief account
of how far a study of various aspects of the
development and morphology of stelar cylinder,
in over a dozen selected taxa of leptosporangiate
ferns supports the Phyllorhize concept. The
study concerned mainly with (i) morphology of
stele in adult sporophytes, (11) progressive chan-
ges in stelar morphology as juvenile plants grow
to adult condition, and (i) morphogenesis of
leaf, root and vasculature at shoot apex in adult
as well as juvenile plants of Acrostichum aureum,
Blechnhum orientale, Drynaria mollis, D. querci-

Jolia, Drymoglossum piloselloides, Kaulinia ptero-
pus, Leptochilus decurrens, Microsorium [in-

guaeforme, M. punctatum, M. scolopendria,
Nistarika bahupunctika, Pyrrosia lanceolata, P.
mollis, Stenochlaena palustris and S. tenuifolia,
and tends to show that the classical Axial
Theory, Stelar Concept and Size and Form
Hypothesis are not applicable to them.

MORPHOGENESIS OF STELE

There 1s a distinct shoot apical meristem
established early during embryogenesis in all the
taxa studied, and this meristem contributes
tissues which constitute a part of the main axis of
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the stem. Leaves are developed on this axis as
appendages, in as much as that they develop
from single peripheral initial cells close behind
the meristem. Early during leaf development, a
peripheral cell at the basiscopic base of the leaf
differentiates into a root 1nitial cell; by a series of
divisions it establishes a root apical cell which by
its activity develops into a root associated with
the leaf base. Other roots may develop on the
acroscopic base of the developing leaf, com-
monly forming two lateral anterior rows on the
Jeaf base. Initial cells of all roots are peripheral
cells derived from the leaf 1aitial cell and con-
stituting the leaf base. No rootis developed other
than those associated with leaf bases. Vascular
tissues are developed associated with Ieaves and
roots only; no vascular differentiation occurs
associated with stem apex. Early during on-
togeny, vascular differentiation takes place
behind the leaf apical mernistem in the form of a
short channel-shaped strand. As the leaf grows,
further vascular differentiation occurs in con-
tinuation of both anterior as well as basal ends of
the nitial vascular tissue; undifferentiated cells
of ground tissue next to either end metamor-
phose into vascular tissue so that the vascular

strand extends both acropetally and basipetally.
Meanwhile a shaft-like vascular strand is dif-
ferentiated posterior to the growing apex of the
leaf-associated root. As in the case of leaf
vasculature, the root vasculature extends basi-
petally; ultimately it gets connected to leaf
vasculature. Vasculature of basiscopic root gets
connected to the abaxial surface while vascula-
tures of the acroscopic lateral roots get con-
nected to the nearest margin of the channel-
shaped leaf vasculature. Vasculature of each leaf
as it extends basipetally gets connected margin-
ally to vasculature of next two earlier leaves In
succession. Such union of leaf vasculatures re-
sults in the characteristic stelar cylinder of the
stem (figure 1), in many ferns the ultimate form
of the stele is determined by vasculatures of leaf-
associated roots and the pattern in which they get
interconnected among themselves,

Vascular differentiation continually takes
place in the region next and behind the leaf apical
dome. Provascular tssue forms an intact

channel-shaped strand, the cells of which divide
repeatedly by walls parallel to long axis of the
leaf. Except isolated ones in strategic positions in
the strand, the narrow daughter cells thus
formed lose mitotic capacity early and meta-
morphose into tracheids; 1solated daughter cells
here and there, however, divide repeatedly by
walls perpendicular to the long axis producing
a longitudinal row of small isodiametric cells
which remain meristematic. At the region where
vascular differentiation occurs, rapid expansion
in girth of leaf axis takes place by repeated
divisions of cells of ground tissue; this induces a
shearing stress on the channel-shaped vascular
strand, the tracheids constituting which have by
then lost mitotic capacity and capacity for radial
expansion. Rapid division and expansion of the
longitudinal rows of meristematic cells left be-
tween tracheids follows making it possible for the
vascular strand to expand radially and keeping
pace with the increase in girth of leaf axis. This
results in the formation of longitudinal rows of
parenchyma islands (lacunae) in the channel-
shaped leat wvasculature, dissecting it into a
reticulum (figure 10). The number of rows of
lacunae 1s characteristic of each taxon and the
breadth of lacunae 1s proportionate to the extent
of radial increase in size taking place after
tracheid development. Once the increase in girth
ceases, the cells constituting lacunae in some taxa
ke Microlepia** metamorphose into tracheids
so that the dissected leaf vasculature becomes

intact again.

A. STELE IN TAXA HAVING ERECT STEM

In taxa like Acrostichum and Blechnum leaves
are spirally arranged on an erect unbranched
stem (rhizome); vasculature of stem is dictyo-
stelic, dissected by overlapping leaf gaps. At the
antertor end the stelar cylinder is open and
continued as the channel-shaped vasculature of
the three youngest leaves (figure 1), Vascular
differentiation occurs as a channel-shaped strand
at the lcaf base of the youngest leaf and the
strand 1s inttially unconnected to other vascular
issue, A broad ribbon-like vascular bridge is
formed interconnecting its basal margin with the
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nearest basal margin of vasculature of the next  both are separate though close to each other.
older leaf on one side, and a similar bridge  Soon the intervening parenchyma separating the
interconnects the opposite margin with the nearby ends of the two strands metamorphoses
nearest margin of vasculature of the third leaf.  into vascular tissue, interconnecting the basal
Leaves being spirally arranged on the stem, the  end of the leaf trace with the upper end of the
interconnected basal regions of vasculature of  root trace in such a way that they appear as a
the three successive leaves form a hollow vas-  single strand. As the leaf and root grow out, this
cular cylinder which constitutes the stele. The  vascular strand extends, following the apical
vascular bridge between the first and third leaf  meristems of the root and leaf. The second
crosses anterior to vasculature of the next pos-  juvenile leaf is formed opposite the first (i.e. on
terior leaf so that a parenchymatous area gets  opposite side of the shoot apical meristem) and is
delimited adaxial to the latter, constituting the  similar to the first leaf in having a basal root and
leaf gap associated with it. As growth continues  vascular system developed similarly. Initially
and further leaves ar¢ produced on the stem, the  there is no interconnection between vasculatures
stelar cylinder extends anteriorly by progressive  of the two leaves, though at the base both are
addition of basal regions of vasculature of suc-  closely placed. A vascular bridge is soon formed
cessive leaves; leaf gaps are formed adaxial to  between the two, interconnecting the region
vasculature of each when vasculature is de-  where vasculature of cach leaf merges with
veloped associated with the third succeeding leaf.  vasculature of its associated root. The bridge is
There is a root associated with each leaf at its  cylindrical and similar to vasculature of the leaf
abaxial base. The intimate relationship between  base. The third juvenile leaf is similar to the first
leaf and root as also the role played by leaf  two and is borne anterior to the first. A vascular
vasculature in construction of the stele 1s more  bridge is formed interconnecting its vasculature
evident in juvenmile plants. All juvenile leaves,  with vasculature of second leaf, the bridge merg-
including the first one, are associated with a  ing with the latter at the region immediately
solitary basal root (figure 1). As the first juvenile  anterior to the bridge connecting it with vascula-
leaf develops, a root is formed basiscopically  ture of the first leaf. Succeeding juvenile leaves
associated with it, leaf and root growing in  follow the same pattern so that a series of
opposite directions and root appearing as a  protostelic leaf-root vasculatures are intercon-
downward prolongation of the leaf base.  nected by short vascular bridges. The vascular
Vascular differentiation takes place early at the  bridges along with the basal regions of leaf
leaf base as well as at the root base. Both are in  vasculatures constitute a protostelic vascular
the form of a slender solid cylindrical strand, and ~ cylinder of the stem.

el

Figures 1-11. Vascular organisation of shoot axis in ferns. 1. Vasculature of juvenile rhizome of Blechnumi
orientale. 2—-7. Explanatory diagrams representing successive steps in formation of a cylindrical dictyostele in
juvenile rhizome of Acrostichum aureum, by paired vascular bridges developed between bases of vasculature of
successive leaves. 8. Dorsal view of vasculature at apex of adult rhizome of Pyrrosia lunceolata. 9. Dorsal view
of vasculature of juvenile rhizome of Microsorium scolopendria. 10. Dorsal view of vasculature at apex of adult
rhizome of Drynaria mollis. 11, Dorsal view of vasculature of juvenile rhizome of D. guercifolia. (1,2,3, . . . —
Basal region of vasculature of successive juvenile leaves from first onwards: I, 11, 111, [V— Basal regron of
vasculature of adult leaves from apex downwards, the last leaf borne on the stem being designated as first from
apex, ib, 2b, ., —Vasculature of branches associated with Ist, 2nd, ete. leaves: 11, 21, .. . — Vasculature of
lateral roots associated with Ist, 2nd, etc, leaves; Ir, 2r, . . . —Vasculature of basal 100ts assotialed with Ist,
2nd, etc. Jeaves: 7rb, 8rb, . . . —Vasculature of roots associsted with branches marhed seven, eight, ete.; b
Vasculature of branch; bg— Branch gap; bl-—Lateral root associated with branch: g— Leal gap; xa—reglon at
which the vascular cyhinder is shown cut trunsversely).



1030

Current Science, October 20, 1985, Vol 54, No. 20

bl . i, el — TR e =

Successive juvenile leaves are progressively
larger and the shape of leaf vasculature gradually
changes with this increase 1n size. Instead of
being c¢ylindrical the vasculature becomes
dorsiventral and ribbon-like at first and then
channel-shaped. Vasculature of the leaf-associ-
ated root, however, remains cylindrical and
slender. Nature of vascular bridges as well as
pattern of mnterconnection between vasculature
of successive leaves also change, and con-
sequently the form of the resultant stelar cylinder
in the sten. A pair of nbbon-hke vascular
bridges, one on either side at the base, and as
extension of the marginal region, is developed
associated with each leaf. One of them gets
connected with the nearest basal margin of
vasculature of the immediately earlier leaf while
the other connects to the basal margin of vascu-
lature oi the [eaf next older. This results in the
formation of a tubular stele in the stem, formed
by basal regions of channel-like vasculatures of
the three youngest leaves and vascular brnidges
interconnecting their basal margins. Vasculature
of all succeeding leaves are basically similar,
being channel-shaped at base and interconnected
by marginal vascular bridges with the nearby
margin of the vasculature of the next two older
leaves as found in adult plants. The transition
from protostele to dictyostele is abrupt and
usually occurs when the juvenile plant has pro-
duced four or five leaves. There occurs no
parenchymatisation of the central region of
protostele as commonly reported in literature,

B. STELE IN TAXA HAVING PLAGIOTROPIC
STEM

In the different polypodiaceous taxa, adult
stem (rhizome) is plagiotropic bearing leaves
restricted to dorsal surface 1n two (exceptionally
one as in Microsorium linguaeforme) rows, and
characteristically branched, each leafl base
having an abaxially lateral often dormant branch
associated with 1t. Vascular cylinder of adult
stem is a dictyostele perforated by lacunae into
many slender cylindrical meristeles (figure 10).
I eaves are formed in alternate succession behind
the shoot apex. After each leaf 1s initiated the

shoot apex divides equally (or nearly so) into
two; the daughter apex necarest the leaf becomes
dominant and continues growth of the stem
while the one away from leaf becomes sluggish
and ultimately dormant. The latter gets pushed
away to one side and constitutes the character-
1stic dormant branch which appears associated
with the first leaf borne on the dominant daugh-
ter apex. A leaf apex 1s differentiated on each
daughter apex on the side facing the other
daughter apex. The leaf apex on the sluggish
daughter apex is sluggish and ultimately becomes
dormant, but the one on the dominant daughter
apex continues development and soon grows out
as a normal leaf. Each leaf 15 associated with a
basal root (figure 8), a root apex getting dif-
ferentiated on the abaxial side of the leaf base
early. In addition, each leaf is associated with
lateral roots borne on the adaxial side of the leaf
base. The number of lateral roots varies, some
ke Pyrrosia lanceolata (figure 8) and
Drymoglossum piloselloides having only one
(borne on margin away from dorsal median
plane of rhizome), most others (£. mollls,
Microsorium scolopendria, Drynaria quercifolia,
D. mollis) having three (figure 10) and some like
M. linguaeforme five to seven. Latera] roots are
borne in succession on either margin of leaf base
and those on opposite margins alternate. Leaf
bases are prominent and soon after mitiation of
leaf the leaf apex becomes meristematically far
more active than the shoot apex, producing a
prominent leaf base which, as it grows forward,
carries the shoot apex up with it so that the
extended leaf base constitutes a major portion of
the internode, tissue derived from the shoot
apical meristem contributing only a minor
part.

Vasculature associated with leaf apex 1s
channel-shaped with its concavity facing the
shoot apex; vasculature of root 1s a solid slender
cylinder (figures 8, 10). Whereas vasculature of
the basal root gets connected superficially on the
abaxial surface of the leaf trace, vasculature of
lateral roots gets connected to 1ts nearest margin.
All roots, especially the lateral ones, grow for-
ward before they curve out towards the sub-
stratum. Vasculature of each leaf gets intercon-
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nected with vasculature of the next older leaf
(borne on the opposite side of stem) by a broad
vascular commissure between the dorsal margins
of the two. In addition, a ribbon-like vascular
bridge is developed on the ventral margin at the
base and this extends downward to get connected
with the ventral margin of vasculature of the next
posterior leaf (third from shoot apex) on the
same side of the stem. Since leaves are in two
dorsal rows and not spirally disposed as in
Acrostichum, etc., the composite vasculature
formed in the stem by interconnected bases of
leaf traces is not tubular but only channel-shaped
and restricted to dorsal half of the plagiotropic
stem; the channel is open on ventral side and i1ts
margins bear the forward-growing root traces of
roots associated with ventral margin of each leaf
trace. Leaf traces get dissected by up to four
longitudinal rows of lacunae, and the rows
extend to the extreme base of leaf trace. This
results in the channel-shaped vasculature of stem
being dissected into a characteristic number of
slender menisteles. Vasculature of lateral roots of
at least two successive leaves on either side of the
stem extend forward beyond the level of the
youngest leaf; in many taxa the basal root also 1s
directed forward and runs parallel. Vascular
interconnections are developed between nearby
root traces borne on the ventral margin; they
develop regularly between successive lateral
roots of the same leaf (in taxa having more than
one lateral root per leaf) and also between roots
of successive leaves on the same side of the stem,
sO that a continuous reticulum is formed consist-
ing of as many slender vascular strands as there
are lateral roots associated with each leaf (figures
8, 10). Interconnected basal regions of vascula-
ture of roots associated with successive leaves
(one in front of other) constitute each of these
strands (meristeles). Interconnections develop
regularly between vasculature of the first formed
lateral root of each lcaf and the corresponding
lateral root of the next older leaf (which is on the
opposite side of stem) so that the reticulum
formed ventrally in either half of stem is regularly
interconnected along the ventral median plane.
This results in a composite reuculum intercon-
necting the two margins of the channel-shaped

stele of the internode, and constituting its ventral
half; the number of meristeles of the ventral half
corresponds to the number of lateral roots
involved in the process.

Branching of stem and vasculature developed
in association with the dormant leaf on the
branch alters the morphology of stele in many
taxa. Vasculature of dormant leaf (which con-
stitutes the branch trace) and that of the domin-
ant leaf next 1o 1t (i.e. the leaf with which the
branch 1s associated) get interconnected at
the base. In some (Drymoglossum, Kaulinia,
Pyrrosia, Microsorium linguaeforme, M. punc-
tatum) they get connected medianly by their
abaxial surface so that the branch trace appears
as a superficial appendage on leaf trace, and then
does not alter the gross morphology of the stele.
In some others (Drynaria, Leptochilus, Nistarika®?,
M. scolopendria) the branch trace gets connected
by its basal dorsal margin with the ventral
margin of the leaf trace posterior to the level at
which ventral lateral roots are attached (figure
10). As a result the composite vasculature of stem
(formed by marginally interconnected basal re-
gions of vasculatures of the two rows of leaves)
gets laterally extended at the region where
branch traces occur, the ventral margin of the
branch trace constituting the free margin of the
composite vasculature of stem at these regions.
Lateral roots similar to those of the dominant
leaves are commonly found associated with the
ventral margin of the branch trace also, and these
along with roots of the associated lcaf, extend
forward through the ventral half of stem (figure
10). These roots develop vascular interconnec-
tions among themselves and also with vascula-
ture of the first formed lateral root of the
associated leaf so that they constitute part of
ventral half of the stelar cylinder. The number of
lateral roots borne on ventral margin of branch
trace varies with each taxon, butis invariably less
as compared to those on ventral margin of the
associated leaf. Thus, while there are three lateral
roots associated with the dominant leaf in
Drynaria quercifolia, D, mollis and M. scolopen-
dria there is only one assocrited with the branch
trace in D, meollis and two in the others. This
results in the ventral half of stele of the former
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consisting of ca 8 mensteles and of the latter of
ca 10 mensteles.

In Microsorium linguaeforme leaves are in a
single dorsal row and each 1s abaxially associated
with a pair of opposite branches?®. As in other
Polypodiaceae the shoot apex divides equally
into two after producing each leaf, but in con-
trast to others the resultant daughter apices
repeat the process so that four sister daughter
shoot apices are produced; leaf formation on the
daughter apices is initiated only after the four
apical domes are established. Of the two pairs of
daughter apices one becomes stuggish and ulti-
mately dormant, constituting the first branch
found at each node; the leaf primordia on this
pair also become dormant. The other pair of
apices continues growth but soon the daughter
apex away from the dormant pair becomes
dormant, constituting the second branch at the
node. The median daughter apex continues
growth, the leaf born on it ultimately developing
into the next leaf on the main stem. Vascular
differentiation takes place associated with all
four leaf primordia borne on the four daughter
shoot apices; all leaves are associated with lateral
roots, the dominant leaf having three or four
lateral roots on each margin. Vasculature of
dominant leaf is strongly channel-shaped and
gets dissected by five rows of lacunae; at the base
it splits medianly into two ribbon-like dissected
strands which get connected to either margin of
vasculature of the immediately older leaf so that
the vasculature of young internodes (intercon-
nected bases of successive dominant leaves) is
channel-shaped. Vascular bridges between root
traces on opposite margins (to form the reticulate
ventral half of stele) develop rather late.
Vasculatures of the pair of dormant leaves on the
first branch at the node get interconnected at
base by their abaxial surfaces; their free margins
get connected to the lateral abaxial surface of
vasculature of the dominant leaf. Vasculature of
dormant leaf of the second branch also gets
connected superficially by its abaxial base with
the opposite lateral abaxial surface of vascula-
ture of the dominant leaf. Thus, both branch
traces appear as superficial appendages on the

channel-shaped vasculature of the dominant

leaf.
As In the other ferns, juvenile plants of

Polypodiaceae possess a short protostelic un-
branched rhizome bearing small leaves as-
sociated with a basal root each and having a
slender cylindrical vascular supply; the proto-
stele 1s formed by successive leaf-root vascula-
tures getting interconnected by short cylindrical
vascular bridges (figures 9, 11) as in Acrostichum.
As larger leaves are borne, their vasculature
progressively becomes channel-shaped.
Additional lateral roots are produced associated
with cach leaf, and this brings about the trans-
ition to a hollow tubular dictyostele, intercon-
nection between vasculature of lateral roots of
successive as well as opposite leaves constituting
the ventrai half. The characteristic branching
habit is acquired in most taxa simultaneous with
occurrence of lateral roots associated with
leaves. The pattern of branching is similar to that
of adult plants, except in M. linguaeforme which
has a branching similar to other taxa in the early
stages. The change in pattern of interconnection
between bases of vasculature of successive ju-
venile leaves consequent to their becoming
channel-shapped is different from that in
Acrostichum. Instead of bearing a pair of ribbon-
like vascular bridges (one on either margin) the
leaf traces of Polypodiaceae bear only one in the
early stages of the transition and this intercon-
nects the dorsal margins of successive leaf traces
so that a broad channel-shaped vasculature is
formed in the stem, located in the dorsal half and
with concavity facing the ventral side. With
further increase in the size of juvenile leaves and
their vasculature a vascular bridge is developed
on the ventral margin also, extending backward
and merging with the ventral margin of vascula-
ture of the next posterior leaf on the same side of
the stem. The stele which results is still channel-
shaped and open on the ventral side (on account
of the fact that leaves are not spirally arranged
and there 15 no vascular bridge between the
ventral margin of vasculatures of the two op-
posite rows of leaves). Later the channel-shaped
stele acquires the form of a hollow cylinder
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(dictyostele) by vascular bridges developing be-
tween vasculatures of leaf-associated lateral
roots. Commonly lateral roots associated with
leaf bases occur from the 6th to 8th juvenile leaf
onwards but in some (Kaulinia pteropus,
M. punctatum) they are not produced till 1520
leaves are borne. In many taxa acquisition of
vranching habit and possession of lateral roots
are simultancous, but in some like M. scolopen-
dria in which branching occurs only after the 9th
leaf, lateral roots (consequently tubular form of
stele) are found from 6th juvenile leaf onwards,
while in others like K. pteropus and M. punc-
tatum, in which branching occurs from the 5th or
6th leaf onwards, lateral roots are found only
from the 15th—-20th leaf onwards. Thus, it is not
branching habit but possession of leaf-associated
lateral roots which results in a tubular dictyostele
in the stem.

CONCLUSIONS

The close interrelationship between leaves and
roots and the dominant role played by them in
the construction of the plant body, particularly
in the construction and architecture of the stele,
in all taxa of ferns investigated, contradicts the
classical concept that roots of pteridophytes are
adventitious having no correlation with leaves or
any fixed position on the shoot?3, and play no
role 1n determining stelar morphology. The fact
that in all taxa, all the roots are leaf-associated
and each leaf has a root system of its own,
consisting of a basal abaxial root and often one
or more adaxial lateral ones, suggests that the
leaf-root combination (phyllorhize) constitutes a

basic unit in construction of the plant body. This .

15 all the more so since the major bulk of tissues
which constitutes stem is derived from leaf apical
meristem, and in those taxa possessing an elon-
gated plagiotropic stem the internodes are
formed mainly by the leaf bases. But however
insignificant it is, the shoot apex contributes
tissues to the internodes and it is not phyllorhize
units alone that make up the shoot system as
maintained by the Phyllorhize theory®. Also, the
possession of a dominant shoot apical meristem

— - i — —

from which the leaf apical meristem is ultimately
derived, refutes the Phytonic concept of organis-
ation of the cormophytic plant body. At least in
respect of ferns, the cormophytic body seems
best explained in terms of phyllorhize units but
accepting also the dominant role played by the
shoot apex in morphogenesis.

[t seems apparent that stele cannot be accepted
as a morphological unit as held by Stelar
Theory®’; nor is it a part of the cauline system in
that it 1S not developed from tissues directly
denived from the shoot apex. Vascular cylinder
(stele) of the fern stem is made up of bases of leaf
vasculatures interconnected by vascular bridges
In a regular fashion in taxa possessing erect stem
and crowded spirally arranged leaves (Acrostic-
hum, Blechnum); in others like Polypodiaceae
possessing elongated plagiotropic stem, bearing
leaves in longitudinal rows restricted to one
(dorsal) side only, it consists of interconnected
bases of leaf vasculatures (dorsal half) as well as
interconnected vasculatures of leaf-associated
roots {ventral half). Thus the stele is a composite
structure, and at best only the vascular bridges
which interconnect leaf traces and root traces are
derived from cauline tissue. Also, stelar on-
togeny and progression from protostele to dic-
tyostele do not conform to the widely accepted
Size and Form hypothesis® ® in any of the taxa
studied. A tubular stele 1s not imitiated as a solid
cauline cylinder in which potential vascular
tissue gets parenchymatised to form medulla and
gaps. Similarly, transition from protostele to
siphonostele or dictyostele in juvenile plants is
not by medullation of central region of stele as
currently believed®. Change in the shape of leaf
vasculature (cyhindrical to channel-shaped) and
change in pattern of vascular interconnection
between successive leaf traces (solitary median to
paired marginal) concomitant with increase in
size result in tubular form of the stele; in the
polypodiaceous taxad, characteristic forwacd
growing lateral roots and vascular interconnec-
tions regularly formed between them contribute
to the process. At the region where the change in
form from protostele to siphonostele occurs in
Juvenile stem the cortex as well as pith together
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constitute an uninterrupted mass of parenchy-
matous ground tissue. The marginal intercon-
nections between vasculatures of the youngest
leaves develop by metamorphosis of a few cells of
the ground tissue which separate the leaf vascula-
tures. In taxa having spiral phyllotaxy this
process results in the central region of ground
tissue getting encircied by vascular tissue, and in
transections appears as a pith unconnected to
ground tissue surrounding the vascular cylinder
(cortex). In taxa having leaves restricted to
dorsal half of stem, this process results only 1n a
channel-shaped stele; vasculatures of roots borne
on yentral margin of the leaf base form a
reticulum which interconnects the two margins
of the channel, so that no distinct pith 15 ever
formed. Thus the perforations found in the
ventral half of the stelar cylinder of stem are
merely 2 portion of the ground tissue through
which root traces have developed and got inter-
connected. In contrast the perforations which
dissect the dorsal half are parenchyma islands
developed from provascular tissue of leaf traces;
as mentioned already these lacunae form longitu-
dinal rows which are continous throughout the
length of the leaf vasculature.

The progressive increase in thickness of stem
as juvenule plants grow does not seem to play any
role in progression from protostele to dissected
dictyostele as maintained by Size and Form
hypothesis. However, as regards leaf vasculature
there 1s a correlation between the extent of
dissection and the extent of increase in girth of
leaf axis occurring after vascular differentiation
has taken place. The more the leaf axis increases
1n thickness (especially by division of cells in the
central region) the more and larger the lacunae.
At imuation (next behind leaf apical dome) the
leat vasculature is an intact band and pro-
vascular cells metamorphose into xylen tracheids
which soon lose their mitotic capacity as wel as
the capacity for radial expansion. Solitary cells at
strategic positions in the band, however, fail to
metamorphose into tracheids, remaining meris-
tematic. As leaf axis increases in thickness by
division of central cells, there occurs a shearing
stress on the vascular strand. Rapid division of
the meristematic cells left here and there com-
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pensates for the lack of capacity of the develop-
ing Xylem tissue to expand radially, and results in
expanding spindie-shaped parenchyma islands
which dissect the intact leaf vasculature. This
process of lacuna formation and dissection
occurs in all taxa studied, the extent of dissection
being least marked in Drymoglossum in which the
extent of increase in thickness of leaf axis pos-
tertor to region of tracheid differentiation is least
while 1t is most marked in Acrostichum,
Blechnum, Drynaria and Microsorium in which
increase in thickness of leaf axis is high. Once
increase in thickness of leaf axis ceases, par-
enchyma of the lacunae may get differentiated
into vascular tissue, obliterating the lacunae in
some taxa hke Microlepia®®.
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ANNOUNCEMENTS

SEVENTEENTH NATIONAL SEMINAR ON CRYSTALLOGRAPHY

The  Seventeenth  National Seminar on
Crystallography (XVII-NSC) 1s being organised by
the Department of Crystallography and Biophysics,
University of Madras and by the Department of
Physics, Indian Institute of Technology, Madras from
20-22 December 1985 and will be held in the campus
of the I.1.T. Madras. It is sponsored by the National

Committee for Crystallography, of the Indian
National Science Academy, which is affiliated to the
International Union of Crystallography.

For further details please contact Dr E.
Subramanian, Convener, XVII-NSC, Department of
Crystollography & Biophysics, University of Madras,
Madras 600025.

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY

Prof. C. N. R. Rao, Director, Indian Institute of

Science and President of Current Science Association,
has taken over as the President of the International
Union of Pure and Applied Chemustry (I1UPAC), the
oldest and the largest scientific union. Prof, Rao,

inaugurated the IUPAC Congress in Manchester last
month. He is the first Indian chemist to occupy the

position.
We wish Prof. C. N. R. Rao all success.

MEDICAL TELEVISION

A Medical Television Project, the first of its kind 1n

India and perhaps amongst the developing countries
has been introduced with the approval of the

Government of India, by Dr J. K. Jain, a Dcihi based
Surgeon who is president of Jain Medical Centre and a
former president of Delhi Medical Association. This
Project aims at producing video films on Medicine,
Health and Famdy Planning for the National
Television Network and for use by professional insti-

tutions for under-graduate, post-graduate and con-

tnuing medical and allied professional education,
Organisations ke ICMR, MCI and IMA have all
shown interest in the Project and assured their co-
operation. Collaboration of leading international con-

cerns engaged in the production of medical and health
films, has also been an encouraging factor,

To produce these programmes, a professionally
equipped and staffed Telewision Studio - Jain
Studios — has been set up in South Delhi. Some of the
equipment installed in the studio is available for the
first time in India and enables recording through an
endoscope or a microsvope. Video technology 1s of
course enunently suited to medicul education espec-
ially in a country hike ours where many istitutions do
not have adequate facilitics or resources.

Further particulurs may be had fiom Dr ). K., Jain,
President, Jain Medical Centre, A-39 New Dethy,
South Extension Part 11, New Delhi 110049,
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