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The morphological and anatomical features of a North Indian Hymenopinl-
laceous fern, Hyinenophyllum simonsianum Hooker, colleeied {rom Khasi and
Jayantia Hills of Assam, have been described. Roots are present in this
speecios and arise from the lower surface of the rhizome. They are covered
by long unicellular hairs, and are diarch or triarch. The rhizome is jet Llack
in colour, thin creeping, covered by one- to four-celled hairs. The stele ix an
exarch, monarch, protostele. The leaf is highly lobed having a dichotomous
venation and free veinlets. The lamina is one cell thick except round the
vaseular bundles. Multicellular hairs are present all over the leaf, on the
petiole, midrib and veinlets. The indusium i3 deeply cleft into two, fused in
the lower portion forming a shallow cup and free above. The valves ure
‘serrate. The receptaclo is elongated but never exserted. The sorus is almoxt
simultaneous in devolopment. The sporangia are 321-0 g X 2944 p with
oblique and incomplete annulus of 18 cells, opening by a transverse slit.
marked by parenchymatous cells. The spores in a single sporangium nwunber
ninety-four to a hundred and fourteen, measure 490 g X 57°0 p and are
tetrahedral.

INTRODUCTION

The study of the morphology, anatomy and sporogenesis of Indian
Hymenophyllaceae was undertaken by the author and the results have heen
presented in- a series of papers. The first of this series on Crepidomnncs
latealatum (v.d.B.) Copel. has already been published (Sharma 1960).

The present paper, the second in the series, deals with the north Indian
species of Hymenophyllum, H. simonsianum. This is the same species that
has been placed under H. simonsianum Hooker (Hooker and Baker 186x:
Beddome 1883), and under Hymenophyllum by Bower (1908, 1926).  Accord-
ing to Christensen (1938) the plant can come under the subgenus Leplocioniin
Pr. of Hymenophyllum Smith because of the dentate valves of the indusium,
which are almost completely free from each other except at the base. There
are only two species of Hymenophyllum sensu Copel. 1947, H. simonsitnuin
Hooker and H. barbaratum Baker, reported from India (Copeland 1938).
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MATERIAL AND METHODS

The present material was collected in November, 1959, from Khasi and
Jayantia Hills of Darjeeling (Assam) and was preserved in 70 per cent alcohol.
Studies were made mostly from microtome sections of 8-15 u thickness.
Freehand sections were also useful. No special staining technique was
employed. Two combinations of stains, viz. haematoxylin-orange G, and
safranin-fast green, were mostly used. Phloroglucin was also used to stain
the lignified tissues (Foster 1942).

GENERAL MORPHOLOGY

The plants are epiphytic and measure 3-5 to 95 em in length and 15 to
2:0 cm in width.

The creeping rhizome (Pl. V1, fig. 1) is jet black in colour, and is covered
by numerous long, thin roots, bearing unicellular hairs (Fig. 1). The roots
come out alternately in two rows from the lower side of the rhizome.

The one-pinnate leaves arise from the upper surface of the rhizome, and
are longer than broad and translucent. The rachis is slightly hairy and
thicker than the rhizome, measuring 0-5 mm in thickness and is without
wings.

The pinnae are commonly 0-5 to 1-0 em long, lobed and serrate. The
pinnules, however, are usually not lobed except the apical one and the lower-
most which may be bilobed (Fig. 2). The venation of the leaf is free, dicho-
tomous and each pinnule is supplied by a free veinlet of its own. Pseudo-
veins are totally absent.

The dermal appendages in this species are caducous hairs, which may
be from one to four cells in length (Figs. 3, 4 and 5) probably representing
different stages of development. Such hairs are found not only on the
rhizome but also on the petiole and the leaf, where they are confined only
to the midrib (Fig. 3).

The sorus is terminal on the lower or upper pinnules of the uppermost
pinnae of the leaf (Fig. 6; Pl. VI, fig. 1). The receptacle is not exserted.
The base of the indusium is hollow, and inversely conical and winged. The
wings of the indusium are roundish with serrate margins. They are free
except at the base where they unite to form a shallow cup. The vascular
supply of the receptacle is in continuation with that of the pinnule and pro-
ceeds straight to the receptacle, The sorus can be classed as gradate and
basipetal, but it is not completely gradate as in the genus Crepidomanes,
where one can come across nearly all the stages in the development of the
sporangium, leading from one single cell to the mature sporangium with
fully developed spores. At the same time in H. simonsianum the sorus is
not wholly simultaneous either. It may be said to be mostly simultaneous
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TEXT-F1¢, 1. (Al the text-figures are camera-lucida sketches)

Small portion of a root showing the unicellular hairs. X 32-5.

Pinna showing the apical and the basal bifid lobes, and the serrate margin. X35,

A part of the leaf midrib with attached dermal appendages. X 240,

A unicellular dermal appendage. X 240,

A tetracellular dermal appendage. X 240.

Tertile pinna showing the dichotomous venation, the bivalved sori and the receptacle,
X 5:5.

Transverse soction of the root showing only the stelar part. X 523.

ABBREVIATIONS

c.—cortex; end.—endodermis; m.r.—midrib; p.c.—passage cell; per.—pericycle; pho—

phloem; rt.—root; -s.l.—stratified layer; wu.h.—unicellular hair; ay.—xylem.
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and slightly gradate. - Copeland (1938) has pointed out that the gradate
condition is not fully developed because of the arrest of the intercalary growth
of the receptacle.

ANATOMY
Root

Pl. VI, fig. 2 is a transverse section of the root. Below the epidermis
(ep.) lies a two- to three-layered thin-walled cortex (c.), having an innermost
layer made up of very thick sclerenchymatous cells (s.l.). The walls of these
cells are heavily stratified but occasionally a single cell of this layer may be
thin walled with a prominent big nucleus, probably functioning as a passage
cell (p.c.).

The stele is essentially diarch or even triarch (Fig. 7; PL. VI, fig. 2) show-
ing the single-layered endodermis (end.) and pericycle (per.) three-lobed
xylem (zy.) with the protoxylem at the points and the phloem (pk.) occupying
the bays.

Rhizome

Pl. VI, fig. 3 is a transverse section of the rhizome. The outermost
layer of the rhizome constitutes the epidermis (ep.) which is made up of thin-
walled cells. The cortex can be differentiated into two zones. The outer
zone (0.¢.) is made up of just one to two layers of thin-walled, parenchymatous
cells. The inner zone (i.c.) is made up of four to five layers of thick-walled
sclerenchymatous, black-coloured cells with narrow lumen and thick-stratified
walls. The concentric stele is essentially an exarch protostele with one or
more protoxylem points. The endodermis (end.) is usually not found intact,
the stele invariably breaks along the endodermis. The pericycle (per.) is
two to three cells deep in this species as in H. scabrum A. Rich also (Boodle
1900) and is formed of big parenchymatous cells.

The rhizome stele is concentric and is made up of a centrally situated
group of sixteen to seventeen tracheids. The phloem is more developed on
the upper side than on the lower and surrounds the xylem (zy.) all round,
although separated from it by a little parenchyma. Some protoxylem points
are developed for supplying the root and the leaf traces. In Pl VI, fig. 4
can be seen the departure of a leaf trace ({.t.) from the stele very near a pro-
toxylem point (p.xy.).

Nozu (1950) has figured a transverse section of the rhizome of a Hymeno-
phyllum type from Japan where the stele has only three tracheids. In Hymeno-
rhyllum simonsianum the tracheids seem to be more numerous. This may
be due to the difference between climatic conditions of India and Japan, or
his specimens may be younger than the author’s specimens.
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TEXT-FIG. 2
Fic. 8. A macerated preparation of the rhizome showing the departure of the leaf trace from
the main stele. An axillary branch trace can be clearly seen arising from the leaf

trace. X 26. . . ) ]
Fras. 9-12. Slightly oblique but serial transverse sections of the rhizome from above down-

wards, in the region where the petiole gives rise to the axillary branch. (For

fuller explanation see the text.) X 26. ) ho Teal

Fie. 13. Diagrammatic representation of the transverse section of the basal part of the leaf.

X 88,
ABBREVIATIONS _

ar.b.—axillary branch; ae.b..—axillary branch trace; end.«endpdermls; #.c.—Innet 50131\’

Lt—leaf trace; o.c.—outer cortex; per.—pericycle; ph.—phloeta; 7 .b.—rhizome bundie;
r.t—root trace; xy,—xylem.

7
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The xylem of the rhizome in H. simonsianum is I-shaped and the stele
can generally be referred to the Mecodium sub-type of the Hymenophyllum
type (Nozu 1950).

Macerated and cleared material shows that the leaf trace (l.t.) comes off
from the main stele without any disturbance (Figs. 8~12). This trace gives
rise to the axillary branch trace (ax.b.t.) at the petiolar base (Figs. 8 and 12).
Figs. 9-12 represent slightly oblique but serial transverse sections from
below upwards in the region of the rhizome where the petiole arises and later
gives off the axillary branch. The exact axillary origin of the branch is
sometimes obscured by the slight twist of the rhizome.

Leaf

Fig. 13 is a diagrammatic representation of the transverse section of
the basal part of the leaf. The outer thin-walled (o.c.), inner sclerenchy-
matous cortex (i.c.) and the endodermis (end.) are clear. The pericycle (per.)
is two layered and the phloem (ph.) encircles the xylem (zy.). The xylem is
rather plate-like. The stele is subcollateral at this level and is exactly like
that of the rhizome.

Fig. 14 ig a section of the leaf a little higher up. The stele continues
to be subcollateral but the xylem (zy.) is a little towards the lower side. The
phloem (ph.) and parenchyma are more developed on the upper side than the
lower side of the stele (Fig. 14). The pericycle (per.) continues to be two
layered.

At still higher levels of the petiole, the phloem gradually disappears on
the lower side and a collateral condition of the bundle is achieved and main-
tained till the tip of the leaf. The pericycle is only one layered at the apex
and in the rest of the leaf it is two layered. At about the middle of the leaf,
the lamina begins to develop as a one-celled sheet.

Pl. VI, fig. 5 represents a transverse section of the leafin the apical region.
It shows the four- to five-layered sclerenchymatous cortex (c.). The stele
has already divided into two. The central larger bundle (Pl. VI, fig. 5) is

TEXT-FIG. 3
Frc. 14. The stelar part of the leaf in transverse section at a little higher level than that seen

in Fig. 13. X 276.
Fia, 15. Transverse section of the extreme apex of the leaf where the vascular supply dis-

appears. X 276.

Figs. 16-21. Diagrammatic sketches showing serial transverse sections of the leaf in the apical
region, showing the different stages in the formation of the pinna trace. (For
fuller explanation see the text.) X 136.

ABRBREVIATIONS
end.—endodermis; l.—lamina; m.r.b.~—midrib bundle; p.t.—pinna trace; per.—pericycle;
ph.—phloem; zy.—xylem.
78
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the midrib and the smaller one on the left is a lateral vein for the pinna. The
bundle is collateral with the phloem (ph.) on the upper side. The endodermis
(end.) and the pericyvcle (per.), both being single layered, and the one cell-
thick lamina (I.) can be seen on either side. The thick-walled cortex is
reduced and the stratification of the walls is also not much.

Fig. 15 shows the transverse section of the extreme apex of a leaf,
where the vascular supply disappears and its place is taken by a few thin-
walled mesophyll cells.

Figs. 16-21, which are diagrammatic sketches of serial transverse
sections of the leaf in the apical region, show the different stages in the forma-
tion of the pinna trace. The main midrib bundle (Fig. 16) first flattens
out (Fig. 17) and then a few tracheids are pinched off from it (Fig. 18). These
tracheids are further separated (Fig. 19), the endodermis constricts in the
middle (Fig. 20) and the pinna trace (p.t.) is separated from the main stele
(Fig. 21). '

As observed in the rhizomes of Crepidomanes latealatum (Sharma 1960)
and also in the rhizome of Hymenophyllum simonsianum the stele is originally
concentric but becomes collateral (by reduction) in the leaf. This is in con-
formity with the observation of Boodle (1900) that species having sub-
collateral stele in their rhizomes have a collateral structure in their petioles,

Pl. VII, fig. 6 shows the lamina of an adult leaf with the sinuous middle
lamellae (s.w.) of the cells and the chloroplasts (chl.) mostly oppressed against
the walls.

Sorus

The sorus is terminal generally on the uppermost pinnae of the leaf
(Pl. VI, fig. 1). The indusium varies from 1-5 mm to 2-0 mm in length.
The receptacle is elongated but is never exserted (Pl. VII, fig. 7). The young
receptacle starts as a small mound in very young stages (Pl. VII, fig. 8) and
shows the meristematic zone (m.z.) underlying a single-layered epidermis
(epi., Fig. 22). Later the cup-shaped indusium (in.) is deeply cleft into

TEXT-FIG, 4

Fiec. 22. Young receptacle, differentiated into epidermis and an underlying meristematic zone,
surrounded all round by a single-layered envelope—the indusium. X 170.

Fies. 23-26. Sporangia in different stages of development. X 170.

Fia. 27. Blightly separated spore tetrads and spores inside a sporangium. X 170.

Fic. 28. A fully formed spore tetrad. X 345.

Fie. 29. Sporangium showing the annulus in surface view and the adjacent cells of the
sporangium. X110,

ABBREVIATIONS

an.—annulus; epi.—epidermis; ¢n.—indusium; m.z.—meristematic zone; spr.—spore;
st.—stalk; tap.——tapetum.
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TEXT-FIG. 4
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two, a character which is a special feature of Hymenophyllum. P1. VII, fig. 7
shows a longitudinal section of a young receptacle. The indusium (in.) can
be seen to be 2-3 cells thick at the base and only one cell thick towards the
apex (in the upper free portion). The young included receptacle (r.), its
vascular supply (v.s.) and three young sporangia (sp.) cut in diifferent planes
can also be seen.

Unfortunately due to insufficiency of well-preserved fertile material
and the development of the sorus being more or less simultaneous, all the
different developmental stages of the sporangium could not be observed.
Still, such of the stages as were available in the badly preserved material
are being figured as far as possible (Figs. 23-26). Fig. 23 is the youngest
stage found in this material and shows an outer peripheral jacket of cells
and a central mass of cells, which evidently are sporogenous. Figs. 24-26
represent more advanced stages. In Fig. 24 the layer of cells immediately
below the wall appears to be the tapetum formed by the outermost layer of
the sporogenous tissue. The tapetum later divides periclinally into two
layers (Fig. 25). A later stage obtained was a nearly mature sporangium
(Fig. 26) and a section represented in Fig. 27 containing spores (spr.) and
spore tetrads. The annulus (an.) is well defined. Fig. 28 shows a young
spore tetrad still enclosed within the wall of the spore mother cell.

The sporangium measures 321:04 px2944 p. The annulus is broad
incomplete, directed towards its receptacular apex and is made up of eighteen
cells. The sporangium dehisces laterally by a transverse slit. The stomium
is not well defined and is represented by about five parenchymatous cells
(Fig. 29), which can be clearly distinguished from the thick-walled annulus
cells. The sporangia are stalked. The stalks are short, four cells thick in
a transverse section and two cells high. The surface view of the annulus
shows that air-spaces occur in the annulus walls and extend up to the middle
lamellae (P1. VII, fig. 9).

The spores are tetrahedral, marked by a prominent triradiate mark and
measure 57-0 p X490 p. About 96 to 114 spores could be counted in a ripe
sporangtum, Pl. VII, fig. 10 shows a sectional view of the spore showing the
two-layered wall clearly. Pl. VII, fig. 11 is a surface view of the spore showing
the reticulate ornamentation of the exine (exz.) which is very clear at the
margins.
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ExpPrANATION OF PLATES
(All photographs are from untouched negatives)

Prate VI
Fie. 1. An entire plant showing fertile leaves. X 0-88.
Fic. Transverse section of a root showing the outer cortex, its innermost laver made up
of stratified cells and the stele. X 459.
F1c. 3. Transverse section of the rhizome showing the epidermis, outer thin and inner thick-
walled cortex and the concentric stele. X 192.
Fia. 4. A portion of the rhizome showing the departure of the leaf trace from the main stele.
% 192,
Transverse section of the leaf nearer its apical region. The xylem has split up to
supply the pinna. The pinna supply is on the left, X 234.

[
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Fia.

ABBREVIATIONS
e.—cortex ; end.—endodermis; ep.—epidermis; ¢.c.-—inner cortex; l.—lamina; [.t.—leaf trace;
m.r.b.—midrib bundle; o.c.—outer cortex; p.c.—passage cell; p.f—pinna trace; p.ary.—proto-
xylem group; per.—perieycle; ph.—phloem; s.l.—stratified layer; ry.—xylem.

Prate VII

Fre. 6. A surface view of the portion of the leaf showing the sinuous middle lamellae of the
cells and the chloroplasts inside the cells. X 234.

Fic. 7. Longitudinal section of the receptacle showing a few sporangia on it. The indusium
can be seen to be two to three cells thick in the fused basal part and single layered
higher up. X 48.

Fie. Apical part of the leaf showing the initial stages in the development of the sorus. X 50.

Fia. 9. Part of the annulus in surface view., The thin white streaks running at right angles
to the transverse walls of the annulus are air-spaces. X 205.

¥ic. 10. Section of a spore showing the outer and inner layers of the walls and the triradiate
mark. X 832-5.

Fra. 11. A spore showing the outer ornamented exine. X 832-3.

g’«

ABBREVIATIONS
chl.—chloroplast; er.—exine; #n.——indusium; r.——receptacle; s, —sinuous middie lamella; -
sp.—sporangium; v.s.—vascular supply; y.s.—young sorus.





