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1. INTRODUCTION

During the last century and a half, the development, morphology and anatomy
of the embryos and seedlings of various grasses have been extensively studied.
Bruns (1892), Worsdell (1916), Avery Jr. (1930), McCall (1934), Boyd and Avery Jr.
(1936), Hector (1936) and Hayward (1938), amongst others, have already reviewed
relevant literature, But the homologies of different organs of the embryo have not
yet been fully established.

The shield-shaped structure by means of which the grass embryos draw
nourjshment from the endosperm has been described since the time of Girtner (in
Goebel, 1905, p. 415) as the scutellum; its function is solely suctorial. The epiblast
and the ventral scale are apparently outgrowths of the scutellum, a protecting device
for the plumule; these are without any vascular supply. The coleoptile or the
plumular sheath sits directly on the scutellar node and appears to arise from the
latter in close association with the scutellum. The endogenous primary root with a
root cap is surrounded by a peripheral tissue, the coleorhiza, which is continuous
with the scutellum.

The most important contributions within recent years are those of Avery Jr,
(1928, 1930), McCall (1934), and Boyd and Avery Jr. (1936). Mullendore’s (1948)
contribution is not really concerned with the homologies of these organs. Avery
Jr. and Boyd and Avery Jr. advanced the views that the scutellam is the coty-
ledon; coleoptile, the second leaf of the plant; mesocotylt, the first internode of the
axis, and therefore, they think that the term ‘mesocotyl’ is a misnomer and should
be discarded. McCall from a detailed study of the embryos and seedlings of wheat

* Formerly of the Botany Department, Dacca University, Dacca.

+ During the germination of the seed an axis is intercalated between the scutellum and the
coleoptile which was named mesocotyl by Celakovsky (1897—in Goebel, ii, 1905) in the seedlings
of Carex. According to him it is neither the hypocotyl nor an internode, but a greatly
elongated node (Goebel, ibid., p. 412).
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came to the conclusion that the epiblast is the first leaf, the scutellum is the coty-
ledon and the second leaf, and the coleoptile is the third leaf (perhaps a fusion of
two leaves). The mesocotyl is made up of two internodes and from its three nodes
spring respectively the epiblast, the scutellum and the coleoptile. Boyd and Avery
Jr. have already critically examined the thesis of McCall. Souéges (1924) unlike
the other investigators confined his studies to the development of the embryo of
the grasses. He reported that the scutellum is the cotyledon, and the coleoptile is
formed from it.

When the available literature* on the subject are taken into consideration the
nature and homologies of the component parts of the grass embryo (including the
mesocotyl which is not a component part of the embryo) stand thus:

Scutellum .. Cotyledon; sucking apex of the cotyledon; second leaf of
the plant ; ete.

Coleoptile .. Ligular sheath; bistipular in origin; extension of the cotyle-
donary sheath; foliage leaf (first of the plumule);
cotyledon.

Mesocotyl .. Elongated scutellar node; elongated primary node; unique

structure produced by the fusion of the cotyledonary
stalk with the hypocotyl; the first epicotylary internode
of the axis; the first two internodes of the axis,

Epiblast .. A leaf opposite the scutellum, or a little above the axis;
rudimentary cotyledon{ (second); an appendage of the
axis or the scutellum or coleorhiza; of little or of no
morphological value; together with the ventral scale it
forms the cotyledonary ligule.

Ventral scale .. Ligule; an outgrowth of the free limb of the scutellum.

Auricle .. A pair of structures seen only in the rice embryo; marginal
outgrowth of the scutellum; a part of the ventral scale.

Much of the above information is based on the studies of the embryos and
seedlings of wheat, oats and maize and of other grasses. Young (1938) reported
on the developmental anatomy of the seedling of the rice plant. According to him,
‘the general structural make-up and the provascular system of the rice embryo
closely resemble that of the oat’ with slight variation. But we shall see later that
our observations on the development and seedling structure of the rice embryo are
substantially different from those of Young.

2. MATERIALS AND METHODS

Materials for the present studies were grown both in light and darkness in Petri
dishes in the laboratory and in the Botanical Garden of Dacca University towards
the middle of April, 1952 and 1953. Grains were sown at different levels of the soil.
The seedlings at different stages of growth and development were fixed and pre-
served in FAA solution. To study the embryo in its earlier stages of germination
unhusked rice grains were soaked in water for 24 and 48 hours after which they were

* Poiteau, 1809; Bruns, 1892; Celakovsky, 1897; Cannon, 1900; Goebel, ii, 1905; Coulter,
1915; Sargant and Arber, 1915; Worsdell, 1916; Weatherwax, 1920, 1923; Percival, 1921, 1927,
Nishimura, 1922; Souéges, 1924; Arber, 1925, 1934; Howarth, 1927; Avery Jr., 1828, 1930;
Boyd, 1930, 1931, 1932; McCall, 1934; Boyd and Avery Jr., 1936; Young, 1938; Mullendore,
1948,

t+ Those who believed the epiblast to be the rudimentary second cotyledon are the
supporters of the theory of the origin of monocotyledony from dicotyledony by the suppression
of one cotyledon. They, therefore, think that the cotyledon in monocotyledons is really lateral
instead of terminal with reference to the axis,
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isolated from the endosperm and killed, fixed and preserved separately. To study
the development of the embryo rice grains of different stages of maturity were
collected from the panicles of the rice plant and the embryos were carefully isolated
and fixed for microtome sectioning.

At the time of use the preserved materials were dehydrated and embedded in
paraffin according to the schedule. Most of the sections were cut 8u and 10y thick
and stained in safranin and fast green combination.

To study the vascular system of the mesocotyl the material was cleared in
absolute alcohol. The cleared mesocotyl was then washed, mounted in 50 per cent
glycerine and the cortical parenchyma removed with a pair of mounted needles.
The origin and course of the scutellar bundle in the stele and through the cortex to
the distal end of the scutellum could be clearly traced in the transparent mesocotyl.

3. OBSERVATIONS
(i) Morphology

The mature grain of rice is enclosed within husks. The embryo is situated at
one side toward the base of the caryopsis and lies at one side of the endosperm
(Fig. 1). In longitudinal sections parallel to its wider surface the embryo is seen
to consist of a short axis with the plumule at its apex and the primary root at its
base. There is a short interval in the axis between the divergence of the first
plumular leaf and that of the coleoptile which sits directly on the scutellum, there
being no free axis between the last two. The ventral scale, a pair of auricles, epiblast,
coleorhiza and the primary root with its cap complete the mature embryo of the
rice plant.

The vegetative bud of the embryo or the plumule consists of a growing point
surrounded by three leaf primordia, the first of which is on the side of the axis
opposite the scutellum (Fig. 2). It is a cataphyll represented only by the sheathing
base without the lamina. The plumule is entirely covered by the coleoptile which
is a cone-shaped structure. Two large vascular bundles occur in the coleoptile
one on either side in a plane parallel to the face of the scutellum. It is very thick
in its terminal region but comparatively thinner on the side opposite the scutellum
(Figs. 2, 32).

The embryonic axis is bent and during early stages of germination this bending
increases to such an extent that the plumule and the radicle come to lie almost side
by side (Fig. 8), with the result that the ventral scale, the auricles and the epiblast
together make an efficient protective covering over the pocket containing the
ensheathed plumule (Figs. 2, 3). It appears from the texture, composition and
the continuity of the tissues that these three extra protective structures belong to
the same organ, i.e. the scutellum.

The rice embryo, as we have already mentioned before, possesses the ventral
scale, a pair of structures named in this paper, auricles, and the epiblast. The ven-
tral scale is a small protrusion of the free terminal limb of the scutellum developed
after the coleoptile. It overhangs the cavity containing the plumule, and
partially covers the gap left open by the receding free margins of the scutellar
sheath.” A splitting of the scutellar margins results in the formation of the pair
of auricles (described by Bruns, 1892, as ‘marginal outgrowths of the scutellum’,
Goebel, ii, p. 417). The epiblast is a tongue-like outgrowth of the fused margins
of the scutellar sheath on the ventral side of the embryo. Together with the ventral
scale it forms an outer and the pair of auricles the inner extra-protective coverings
of the plumule (Figs. 2, 3, 30-32).

The scutellum is largely parenchymatous, and has a prominent layer of epithe-
lial cells in contact with the endosperm tissue, The epithelial cells are cylindrical
and elongated with their long axes at right angles to the surface of the scutellum.
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The upper region of this layer has infoldings to form tubular epithelial glands
(Figs. 2, 30).

Its vascular system consists of a broad procambial strand of elongated thin-
walled cells which originates almost vertically from the scutellar node and then
follows an oblique course to enter the upper limb of the scutellum and ends near
its distal end. It gives out fine branches towards the epithelial layer (Fig. 3).

The primary root is organized in the basal region of the proembryo. The root
terminates in a growing point covered by a distinet root-cap. The primary root is
enclosed in the root-sheath or coleorhiza which is not an identifiable structure in
Oryza, but is merely a mass of parenchyma covering the radicle (Figs. 3, 30). The
adventitious roots take their origin both in the mesocotyl and from the base of the
plumule.

Germination.—Under conditions favourable for germination both plumule and
radicle elongate, the coleorhiza bursts through the pericarp and is seen penetrated
by the primary root, which grows rapidly downward. Soon after the emergence
of the coleorhiza the coleoptile comes out with the enclosed plumule by the develop-
ment of the mesocotyl between the coleoptile and the scutellum. It remains closed
until its base is at level with or slightly below the surface of the soil when its edges
split apart near its tip on the side opposite the scutellum to alilow the plumule to
pass out of it.

We have already noticed that mesocotyl is absent in the rice embryo. It is
developed only during germination of the seed, and is intercalated between the
coleoptile and the scutellum. The growth in length of the mesocotyl is seen to
vary with the depth of the soil between its surface and the germinating grains.
The deeper the grains are in the soil, within a limit, the greater is the length of the
mesocotyl. Near the soil surface the mesocotyl is very short; when germinated in
Petri dishes it is not developed at all (Fig. 4a¢). Some grains were kept for germina-
tion in a glass box in direet exposure to sunlight under a substratum when the
mesocotyl was found to develop, but when some of them were kept in Petri dishes
in darkness no mesocotyl developed. Thus the origin and development of this
organ is seen directly related to the raising of the growing tip protected by the
ensheathing coleoptile, which is conical, pointed and turgid, to the surface of the
soil, and is not due to absence of light. This is accomplished by the differentiation
and activity of an intercalary transverse zone of meristem organized hetween the
coleoptile and the scutellum just above the scutellar node (Fig. 3). The growth
and elongation of this organ is acropetal as the meristem remains at its top and it
is suggested that the meristem also contributes to the growth and elongation of the
coleoptile at the base, as the length of the coleoptile is seen to a great extent to
vary directly with that of the mesocotyl. In a seedling with a very long mesoeotyl
the coleoptile was also seen to be very long (Figs. 4a—tc).

(i1) Embryogeny

Proembryo.—The first division of the zygote is at right angles to the long axis
forming a basal cell and an apical cell. The second and third divisions oceur in the
apical cell and are at right angles to one another and to the plane of the first division.
Thus a club-shaped proembryo consisting of four cells with a basal 2-celled sus-
pensor is formed (Figs. 5, 26). After this the cell divisions in the proembryo do
not take place in any definite sequence. The suspensor soon disappears and the
proembryo becomes at first globose (Figs. 6-8) and then slightly elongated (Fig. 27).

In later stages of the globose proembryo two longitudinal halves may be dis-
tinguished on staining reactions. The left half will give rise to the dorsal side of
the scutellum and the coleorhiza and the right half to the growing poing, ventral
half of the scutellum and the coleorhiza, coleoptile, primary root, ete. (Figs. _7-—9).
Even in the earlier stages of the globose proembryo the ventral side showing bigger
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cells with conspicuous nuclei and active division may be distinguished (Figs. 7, 8).
Slight convexity on the face of the embryo preceded by active cell divisions indicates
the initiation of the apical meristem and immediately above it the primordium of
the coleoptile begins to appear as a slight ridge or fold on the ventral surface of the
scutellum (Figs. 9, 10). The further growth and differentiation of the coleoptile
results in the formation of a deep lateral notch over the organizing growing point.
It soon surrounds and encloses the stem tip as a cone-shaped structure (Figs. 1la,
11b).

Scutellum.—The upper part of the differentiating scutellum grows more or less
equally in both length and width. The fully organized scutellum is curved and
short (Fig. 10), developed from a meristem which is rather diffuse (Fig. 27).

Meanwhile divisions of cells in all planes result in a considerable increase in
the size of the proembryo and a protoderm-like outer layer can be distinguished
passing over the scutellar portion in the embryo.

The left half of the proembryo consisting of vacuolating dividing cells
differentiates into the dorsal regions of the scutellum and the coleorhiza. The
portion which remains in contact with the endosperm forms the dorsal side of the
scutellum and the free lower portion, which sharply bends away from the endo-
sperm, forms the coleorhiza (Figs, 11, 28-30).

The protoderm cells on the dorsal surface of the scutellum begin to elongate
perpendicularly to the surface and becomes recognizable as the epithelial layer
(Fig. 27). Epithelial glands, as mentioned before, are numerous towards the upper
region of the scutellum (Fig. 30).

Coleoptile—The coleoptile is initiated, as we have indicated above, on the
ventral surface of the scutellum at its junction with the growing point in the form
of a projection developed from the outer layer (Figs. 27, 28). The growth of the
coleoptilar primordium is rapid on the side where it is initiated and it soon bends
over the differentiating growing point. The primordium gradually extends tan-
gentially around the apical dome at first.as an open sheath, but the free edges soon
meet and unite to form a closed structure, a conical sheath, leaving a thin weak
point on the anterior side, through which the shoot apex comes out during germina-
tion (Figs. 10, 11). The tissue of the coleoptile is made up of compact parenchyma
with two vascular bundles bilaterally situated.

Apical meristem.—The shoot apex meristem begins as a swelling on the ventral
face of the proembryo where a higher frequency of divisions in the epidermal and
hypodermal cells just below the coleoptilar projection are noticed (Figs. 9, 27).
In a mature embryo the apical meristem is well organized with a uniseriate tunica
enclosing a corpus (Fig. 12).

Epiblast.—The primordium of the epiblast arises soon after the initiation of the
coleoptile (Fig. 9) at or just below the level described as the scutellar node (Figs.
10, 11). At first it looks like a pointed and conical tip placed at right angles to the
embryonic axis. As it becomes older it bends and projects upward. It grows by
an apical meristem which stains deeply (Fig. 32). The tissue of the mature epiblast
is parenchymatous without any vascular tissue, and is continuous with that of the
geutellar (or coleorhizal) parenchyma. Figs. 16a~16¢ show clearly the origin
and development of the epiblast. It is an outgrowth of the region where the two
marging of the scutellar sheath meet at the node and fuse, it then grows upward in
the form of a tongue (Fig. 32). Its function is evidently protection of the shoot
apex as it closely fits in to the space left open by the receding marging of the scutel-
lar sheath (Figs. 2, 3 and 33).

Root meristem.—The primary root primordium begins to organize after the
initiation of the first leaf primordium (Figs. 10, 11). The region going to form the
primary root becomes densely stained. The root terminates in a growing point
covered by a distinet root cap. The root apex exhibits four distinet histogens like
that of a typical monocotyledonous plant. At the apex of the root the plerome
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and calyptrogen are sharply defined, and there is an intermediate layer between
them which is one cell layer in thickness. The lateral members of this intermediate
zone divide periclinally, and the derivatives of the inner cells function as a periblem
producing cortical tissue, while the outer daughter cells become the dermatogen
and form the epiblema. Thus the outstanding characteristic of the root cap is its
independence in origin and structure. It also shows that the origin of the vascular
system in the root is independent of that of the shoot (Fig. 30).

Coleorhiza.—The coleorhiza or the root-sheath is developed from the basal
region of the proembryo. It is a solid mass of parenchyma, continuous with that
of scutellum and is not distinguished before the primordium of the primary root is
differentiated (Fig. 11). In this respect it can be compared with the origin of the
lateral roots in the pericycle and its subsequent burrowing through the cortex which
forms a sheath around the developing root. The coleorhiza grows partly by cell
elongation but mostly by diffused cell divisions., The coleorhizal parenchyma
cannot be distinguished from that of the scutellum. No vascular bundles are
formed in this part of the embryo.

Ventral Sctle.—The bulge which is seen in the distal end of the scutellum (Fig.
11b) at a later stage of embryo development projects over the depression in the
form of a beak which overhangs the mouth of the cavity outside the pair of auricles
(Fig. 30). It is wholly parenchymatous without any vascular tissue.

Auricles—A pair of extra protective structures, internal to the epiblast and
ventral scale, are found to originate ventrally by the splitting of the scutellar
margins, designated in this paper as “auricles’ (Figs. 16d-16f, 34). These develop
quite later in the developing embryo (Figs. 15a-15¢). become very much thickened
at the upper regions and completely fill the space outside the coleoptile and the
gap between the epiblast and the ventral scale.

(iii) Anatomy

In transverse sections the mesocotyl shows two independent groups of vascular
tissues almost throughout its length, the stele proper and what has been described
by Avery in oats and wheat as ‘cortical bundle’ (Fig. 17). Their independent
course could very well be seen in cleared mesocotyl and they could be easily separated
with a pair of needles. The stele and the cortical bundle have each a sheath one
layer in thickness which shows O-type wall thickening when old. This may be
regarded analogous to the endodermis of roots. General orientation of the xylem
elements in the stele are both root-like and transitional, but the scutellar bundle
and the median of the first foliage leaf are endarch. Pith, which is present, is made
up of thick-walled cells. Both tracheids and vessels are found in the cortical and
the stelar bundles. Two big metaxylem vessels are placed opposite in the stele and
the first pair of adventitious roots originate against these two vessels (Fig. 19).

The mesocotyl elongates acropetally by means of an intercalary meristem
which always remains at the base of the coleoptile (Fig. 3). In this matter the
mesocotyl differs from the epicotylary internodes, which elongate as a result of the
activity of intercalary meristems near their base rather than at their top. The
scutellar (cortical) bundle in the seedling axis extends upward parallel to, but does
not become part of the stele until it almost reaches the level of divergence of the
coleoptile (Figs. 17-20). The origin and elongation of the mesocotyl is shown
diagrammatically in Figs. 13 and 14.

A little below the level of divergence of the coleoptile the scutellar bundle
comes out of the stele. Its differentiation in the stele is acropetal. Immediately
after leaving the stele it gives out two branches which extend first laterally and
then upward into the coleoptile as its traces (Figs. 21-25), but while still within
the stele and before leaving the same it sends three branches, one to form the median
of the second foliage leaf and the other two to form the laterals of the first leaf of
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the plumule. The scutellar bundle is, therefore, responsible while still in the stele
for the supply of two laterals to the first and the median of the second leaf primordia
of the plumule,

The coleoptile is structurally very simple being largely parenchymatous with
only small intercellular spaces. As we have mentioned before, its bundles are two
in number and they remain unbranched. Each bundle contains many xylem
groups and a congiderable amount of phloem tissue, and is surmounted by a thick-
walled cap on its dorsal surface. A bud may be present in the axil of the coleoptile.

4. DiscussioN AND CONCLUSION

The mature embryo is the exact replica of the adult plant (vegetative) on a
miniature scale. Its different parts should, therefore, correspond with the vegeta-
tive parts of the adult plant into which it will develop. As a matter of fact the
vegetative bud has been described by Bower (1935) as an embryonic plant. 1f any
of its parts cannot be homologized with a corresponding part of the adult body
then that part should be regarded as su¢ generis. In interpreting, therefore, the
parts of the rice embryo the corresponding members of the adult body have been
taken into consideration.

The Plumule.—The plumule is the vegetative shoot apex of the embryo. In
the structure of its apical meristem and the number of leaf primordia it resembles
the shoot apex of the adult plant (Saha, 1954).

Scutellum.—The scutellum has been identified with the cotyledon by a majority
of workers on grass embryogeny. The cotyledonary nature of the scutellum, with
the coleoptile as its ]igule, is based on evidence afforded by its relation to the
embryonic axis, its origin, vascular system and its abundant parenchyma

Results of the developmental studies described and reported in the foregoing
pages on the embryogeny of rice plant show that the cotyledon is vertical and the
shoot apex lateral on it. The position of the cotyledon is, therefore, terminal on
the differentiating embryo so far as the free limb of the organ is considered.

In the early stages of development the proembryo can be divided longitudi-
nally into a dorsal and a ventral half on cytohistological basis and staining reactions
of its cells. The dorsal half by diffuse cell divisions grows into a continuous strue-
ture which is distinguished and differentiated later into the dorsal side of the
scutellum (in contact with the endosperm) and of the coleorhiza (free from the
endosperm) indicating thereby that the two organs of the mature embryo are parts
of one and the same structure. The scutellum envelops the plumule, and the
coleorhiza, the radicle, when it is differentiated. The ventral half of the proembryo
shows more activity and soon the coleoptile, shoot apex and the epiblast are
initiated. The scutellum has epithelial layer and epithelial glands though Young
(1938) reports absence of the latter in his material. The coleorhiza not being in
contact with endosperm does not develop the epithelial layer.

Like an adult leaf the scutellum consists of two major parts, namely, a sheath
and a limb. Both the scutellar sheath and the leaf sheath are open on the far side.
Therefore, when the scutellum and an adult leaf are compared the two appear
homologous.

The growing point or the shoot apex is organized at the side of the proembryo
simultaneously with the initiation of the coleoptile. It soon assumes the form of a
mound, the apical dome, with a single layer of tunica enclosing a corpus. The
first leaf of the plumule is initiated simultaneously with the organization of the
radicle apex. .

Coleoptile—Both Avery Jr., Boyd and Avery Jr. and McCall regard the cole-
optile as a leaf, second or third, of the embryonic plant. Their main arguments
for regarding it as an independent leaf are: it originates from a node; it is supplied
with vascular tissues from the axial stele as in the case of the plumular leaves;
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buds develop in its axil and root primordia (adventitious) originate a little above
the coleoptilar diversion. Young supports them in full.

Celakovsky, Sargant and Arber and others, however, think that the origin of
the coleoptile on the same side of the axis as the scutellum (against the distichous
arrangement of leaves on the adult axis), supply of vascular tissues directly from
the scutellar trace outside the stele and their number, are against the leaf-nature of
the coleoptile. The primordium of the coleoptile with its vascularization does not
grow like that of a leaf.

The adventitious roots in maize and other grass seedlings originate from the
base of the upper internode which forms the upper part of the node below (Sharman,
1942). In rice seedlings, their origin is from the base of the upper internode, so it
cannot be taken as evidence for regarding the coleoptile as a leaf.

The presence of buds in the axil of the coleoptile is not difficult to explain
without any reference to the leaf-nature of the organ. Sharman (1942) has shown
that in maize the bud, seen in the axil of a leaf, really belongs to the upper leaf.
The leaf primordium takes its origin on one side of the axis and gradually extends
tangentially along the side of the latter, and where the two wings meet on the
opposite side of the axis a vegetative bud differentiates in the outer layers of the
corpus (origin axial and not foliar). This has been confirmed by Hsii (1944) in
Sinocalamus Beecheyana and by Saha (1954) in rice plant. In adult plant this bud
appears cauline above the scar of the leaf when the latter is removed. Therefore,
the bud, seen in the axil of the coleoptile, really belongs to the first leaf of the
plumule.

Position of the coleoptile is axillary to the free limb of the scutellum and the
bundles are only two, but if a leaf its origin should have been on the opposite side
of the scutellum and the number of the bundles at least three in the early stage of
development. The coleoptile bundles again do not come directly from the stele as
reported by McCall in wheat, but they come from the scutellar trace outside the
stele as its branches, showing thereby that the coleoptile, like the stipular portion
of the ligule of adult leaves, is a part (outgrowth) of the scutellum.

Goebel (1905) thinks that ‘the coleoptile is an outgrowth of the scutellum and
it corresponds to the cotylar sheath of other monocotyledonous plants’ (p. 418).
He illustrates his point by drawing an example from an immature embryo of Hor-
deum hexastichum (Fig. 262, p. 418), where the coleoptile is compared to the axillary
stipule. He further shows that the embryo of Zizania aquatica, which resembles
that of Oryza sativa, the coleoptile is a cotylary sheath.

Hanstein (1870), however, reported that in Brachypodium during its (coleop-
tile) formation a projection is formed between the scutellum and the growing point.
He also noticed another similar projection on the other side. From this McCall
suggested that the coleoptile might be derived from two leaves. Avery Jr., on the
other hand, could trace the origin of the coleoptile in wheat to ‘the meristematic
ring of cells on the lateral face of the embryonic mass of tissue which later differen-
tiates into the scutellum. This ring of meristematic cells develops into the
coleoptile’. Percival found that in the sequence of appearance the coleoptile
appears next to the scutellum in the form of a ring during the development of the
grass embryo. Souéges noted its development as a part of the scutellum. Goebel
compares it with the axillary stipules of Caltha palusiris. )

The coleoptile of rice embryo is formed from the general region of the pro-
embryo which also gives rise to the scutellum even before or simultaneously with
the organgiation of the apical meristem. This indicates a closer relationship be-
tween the scutellum and the coleoptile. Developmentally it differs from the leaf
which initiates after the apical meristem is organized. '

Avery Jr. argues that if the coleoptile is a part of the cotyledon it should not
have been borne at two different levels. We have already seen that the mesocotyl,
which is absent in the embryo, develops only under certain conditions during



96 BISWAMBHAR SAHA: STUDIES ON THE DEVELOPMENT OF THE EMBRYO OF

germination. In the embryo the coleoptile is directly connected with the scutellum,
Therefore, its presence, noticed for the first time in the seedling, cannot be an argu-
ment against regarding the coleoptile as a part of the scutellum.

The coleoptile is an outgrowth at the base of the sheath where its primary
funetion is to afford protection to the delicate epicotylar shoot. Both organo-
genically and functionally the coleoptile is, therefore, a stipule-like structure. Our
studies, therefore, support Goebel who has described the coleoptile as ‘the cotylar
sheath’ equivalent to axillary stipules (p. 418).

Mesocotyl —Celakovsky, Van Tieghem, Goebel and others consider mesocotyl
as an elongated node; McCall considers it to be made up of two internodes and
Avery Jr. and Boyd and Avery Jr. consider it a single internode between the cole-
optile and the scutellum. Sargant and Arber regard it as the product of fusion
of the cotyledon stalk and hypocotyl, scutellum being regarded as the cotyledon.

McCall’s interpretation has been criticized by Boyd and Avery Jr. (1936).
We bhave also shown from evidences produced after 1936 (Sharman et al.)
that the origin of the root primordia and axillary buds could be adequately
explained without any reference to the origin and position of the coleoptile.
Moreover, the mesocotyl shows quite a uniform mantle of cortical tissue through
which passes the median bundle of the scutellum (cortical bundle) and the presence
of pith in the stele of the mesocotyl is also significant.

Mitra and Majumdar (1952) have recently revived the ‘mantle-core’ theory
of Hofmeister (1851) regarding the composition of an internode. The mantle
is made up of the leaf-base or bases (cortex) which enclose a core free from vascular
tissues (pith) with an exception at the nodal plexus. In monocotyledons, parti-
cularly in the grasses, the whole of the internode is made up of the lower half of the
dise of leaf-insertion enclosing a core (may be hollow) which does not, perhaps,
belong to the leaf, Sharman has shown this to be the case in Zea mays though he
does not specifically mention the existence of a core apart from the disc of insertion
the lower half of which elongates into the internode below the divergence of the
leaf. The existence of a core has been noticed in rice stem (Saha, 1954). At the
node the trace bundles of the immediate leaf and those of leaves higher up in the
axis anastomose in different degrees and form horizontal plates in the nodal region
which is rather vertically thick (leaf cushion). But McCall’s nodes are incom-
pletely localized in the regions where the scutellar trace bends and separates from
the stele and resolves into component parts (McCall’s first node), and also where
the coleoptilar traces branch off to the periphery and the central region enters the
stele (McCall’s second node). On the above grounds the present author feels that
McCall’s two-internode theory cannot be sustained.

Boyd and Avery’s one internode theory is the reiteration of the theory pro-
pounded by De Bary (1884), Coulter (1915) and Weatherwax (1923) amongst others.
The whole theory is based on the assumption that the coleoptile is an independent
leaf. If we have been able to prove that the coleoptile is an outgrowth of the
scutellum at the base of the sheath, the theory falls through.

Could mesocotyl then be interpreted as an elongated node as suggested by
Van Tieghem (1872), Celakovsky (1897), Goebel (1905), Worsdell (1916) and
Bugnon (1921, 1924)? Sharman has shown that the primordium of a leaf is inserted
not at one level but in the form of a disc, called the disc of insertion, equivalent
to leaf cushion or the foliar foundation, i.e. soubassement foliares of Grégoire (1935)
and Louis (1935). The node is vertically a wider region than a mere level. In the
case of Zea mays, as mentioned before, Sharman showed that the node is a com-
posite structure made up of the base of the upper internode and the upper half of
the disc of insertion. In maize, wheat, oats and rice embryo this node remains
undisturbed, and the coleoptile and the free limb of the scutellum diverge from this
node as does an adult leaf from a node. The lower half of the disc of insertion of
the scutellum elongates into the internode (mesocotyl) below, the base of which
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with the upper region of the radicle forms the so-called scutellar plate. We have
already mentioned before that the internode is a dual structure made up of a
mantle (leaf-base) and a core (axis). Therefore, the mesocoty! should be regarded
ag the elongated lower half of the disc of insertion of the scutellum which encloses a
central core which may be regarded as the axis. This may be considered as the hypocotyl
which according to the modern conception is made up of the base of the cotyledon
and the enclosed axis. The suggestion of Sargant and Arber is partially correct
if the true nature of the hypocotyl, as suggested here, is accepted.

The elongation of the mesocotyl depends on the presence of a transverse meri-
stem across it. Its position is somewhat different in wheat, oats, maize and rice.
In Avena and Oryza it is located just below the scutellar trace diversion, in Zea just
below the coleoptilar trace diversion and in T'riticum it occurs just below the cole-
optilar node. Therefore, a meristem which is located at different regions of the
mesocotyl in different plants cannot be given any phylogenetic consideration. Its
function is purely a biological one. Tt is more so when the pattern of organization
of the embryonic parts is the same in all the four cereals considered here.

McCall has studied the structure of the mesocotyl in detail. It is quite in
accord with the theory outlined above. Just above the scutellar plate (at the base
of the mesocotyl) where the transition between root and stem takes place, two
collateral endarch bundles facing each other in the axial cylinder are noticed.
One of them goes to supply the first plumular leaf as its median bundle, and the
other goes to supply the scutellum, the coleoptile receiving its vascular supply from
the secutellar trace outside the stele, This also shows that the scutellum and the
first plumular leaf are the two successive leaves on the embryonic axis, and the
coleoptile a part of the former. Other bundles of the stele do not show regular
arrangement as they are all synthetic bundles made up of trace bundles of leaves
higher up in the axis. They wunite irregularly and show irregular disposition of
xylem and phloem elements and have been mistaken for transition bundles.

Auwricles—The pair of structures described in this paper as ‘auricles’ are not
found in other grass embryos. They originate by the splitting of the margins of
the scutellar sheath which extends almost to its base. They develop enormously
so as to cover all the space between the coleoptile and the ventral scale and the
epiblast.

P In adult leaf we also find the leaf sheath splitting to give rise to the dorsal
‘gickles’ and to the margins of the composite ventral ligule (Goebel, 1905; Philipson,
1935; Hector, 1936; Saha, 1952). In the rice embryo the dorsal portions of the
split margins do not develop into a pair of sickles but disappear above their origin.

Bruns also noticed this pair of structures in the embryo of Oryza, and des-
cribed them as ‘marginal outgrowths of scutellum’ (Goebel, ii, p. 417, Fig. 281, V)
But Young’s figures do not show them as separate structures apart from the ventral
gcale. In the mature embryo the auricles touch the ceiling of the overhanging
ventral scale and appear in sections as if they have just separated from it. This
fact perhaps led Young to regard them as parts of the ventral scale. Transverse
sections through this region would have settled the point of their separate origin.

Ventral Scale.—Avery describes this structure as the ligule, but our present
studies do not support his interpretation. Though the ventral scale and the epi-
blast have always been found associated together (Avery, 1930), their true morpho-
logical nature is rather difficult to suggest unless they are regarded as opportunist
outgrowths of the same organ, the scutellum, as held in this paper on the results of
developmental studies. Its comparatively late origin supports this view.

Epiblast.—The epiblast is a controversial structure. There is no structure
corresponding to this in the adult plant. The epiblast, whenever present, has been
identified either with the first leaf of the embryo, or regarded as the vestigial second
cotyledon or an appendage without any morphological value, or a part of
the cotylary ligule.
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It cannot be the first leaf, ie. the vestigial cotyledon (by the suppression of
which monocotyledony is supposed to have evolved). It lacks vascular tissue,
which is not present even as a relic. It is not universally present in grasses. It is
situated below the level of the scutellar divergence and its initiation takes place
quite earlier.

The present studies show that the epiblast is an outgrowth of the region where
two margins of the scutellar sheath meet on the opposite side of the axis. The
sheath, like the leaf-sheath of an adult leaf, is open at the anterior side and the
epiblast entirely ‘fills the lower portion of the gap left open on the outer side of the
receding scutellar sheath’. Its upward growth is maintained by an apical meristem
which organizes at the time the coleoptile is initiated.

Therefore, the ventral scale and the epiblast are both outgrowths of the scutel-
lum, one of the free limb and the other of the scutellar sheath at the scutellar node.

Coleorhiza.—The coleorhiza is the direct downward continuation of the scutel-
lum. A node, the scutellar node, is organized in the ventral half of the proembryo
at the base of the growing point. Simultaneously with the initiation of the first
plumular leaf the root apex is organized below the nodal region and it frees itself
from the lower half of the proembryo in the manner a rootlet primordium is organized
in the primary root, and then pierces or burrows through the lower end of the
proembryo which appears like a sheath enclosing the radicle as the overlying cortex
does in the case of an adventitious or secondary root primordium. The root cap is
also organized from this tissue.

5. EVIDENCE FROM OTHER SOURCES

Goebel (ii, pp. 410—418) states that the hypogeous cotyledon of grasses com-
prises three regions, namely, the haustorium, the middle portion and the sheath.
This he illustrates in the germinating seedlings of T'radescantia verginica (Fig. 273,
pp. 410-411). These three regions of the cotyledon are well differentiated in the
geedlings of Palm and Commelina. The same three regions are noticed in the
germinating seedlings of Carex, Cyperus alternifolius and Scirpus locustris (Goebel,
Figs. 273, 275, 277). As in the embryos of maize, oats, wheat and rice the haus-
torial organ (scutellum) sucks the food stored in the endosperm, the middle portion
(mesocotyl) conducts the absorbed food to the growing points, and the conical
sheath affords protection to the plumule during its passage through the overlying
layers of soil. The scutellum, coleoptile and the mesocotyl exactly correspond to
the three regions of the hypogeous cotyledon, both in position and function, cited
by Goebel. Only the dual nature of the mesocotyl, scutellar base surrounding the
axial core—hypocotyl, is suggested in this paper.

6. SUMMARY

Homologies of different parts of the rice embryo have been worked out. The scutellum is
the cotyledon, and the coleoptile represents the axillary stipule. The mesocotyl, which is absent
in the embryo but develops from a zone of meristem during germination, is the base or stalk of
the scutellum enclosing the axis. It may be regarded as equivalent to the hypocotyl of other
embryos and the use of the term mesocotyl should be continued.

The wventral scale and the epiblast are outgrowths (opportunist growths) of the scutellar
tissue, the former of its free limb and the latter of the fused margins of its sheath. The auricles,
which are present only in the rice embryo, represent the two margins of the ligule of adult leaves.
The three together afford extra protection to the plumule while passing through unfavourable
environment during germination.

The coleorhiza seems to be the lower part of the scutellum and the scutellar node is & mis-
nomer because it is really the root-stem transjtion plate,
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9. EXPLANATION OF FIGURES *

Text-figures have been drawn under a camera lucida. Photomicrographs have been taken
only of the salient stages in the development and growth of the embryo and seedling wherever
thought necessary.

Abbreviations used.—Ar.—auricle; A.Rt.—adventitious root; C.—corpus; C.B.—cortical
bundle; C’.B.—coleoptilar bundle; C.I.—corpus initials; Cl.—coleoptile; Co.—cortex; Cz.—
coleorhiza; Eb.—embryo; Ed.—endosperm; Ep.—epiblast; E.L.—epithelial layer; E.G.—
epithelial gland; G.P.—growing point; I.M.—intercalary meristem; L,, Lo, Lg—the lateral
traces to the first plumular leaf; L’y, L'y, L’3—first, second and third plumular leaves; M.—
mesocotyl; My, My, Mg—median traces to the first, second and third plumular leaves; M.Rt.—
adventitious root from mesocotyl; P.—pith; Pm.—proembryo; P.R.—primary root; P.R.S.—
primary root stele; R.C.—root cap; R.G.—rice grain; Rt.—root primordium; S.—suspensor;
S.L.—scutellar limb; S8.N.—scutellar node; St.—stele; S.7.—scutellar trace; S.8.—scutellar
sheath; S.Z.—separation zone; 7T.—tunica; 7.I.—tunica initials; ¥V.—vessel; V.S.—ventral
scale.

(TexT-FIGS, 1-14)

Fie. 1. Median longisection parallel to wider surface of the mature grain showing the size
and position of the embryo in relation to endosperm. X 25.

Fies. 2, 3. Median longisections of embryos from grains soaked in water for 24 and 48 hours.
X T5.

Fira. 4. Rice seedlings grown from seeds placed at different depths of soil: Figs. 4a, 46 and
4c are respectively from surface level, three-fourths of an inch and one and a half
inches deep. x 1.

Fie. 5. Proembryo at eight-celled stage with two-celled suspensor. X 800.

Fies., 6-8. Longisections of the proembryo at successive stages of development; Figs. 7 and 8
show indications of 1ts early differentiation into a dorsal and ventral region.

x 800.
Fic. 9. Outline diagram of young embryo (l.s.) showing coleoptile, growing point and epi-
blast., x125.

Fia. 10. Same at a later stage. X 75.

Figs. lla, b. Successive lL.s. of the embryo indicating development of lateral and median por-
tions of the coleoptile. x75.

Fie. 12. Median l.s. of the growing point of a mature embryo; note the uniseriate tunica and a
massive corpus. % 1020.

Figs. 13a, b. Diagrammatic representations showing development of the mesocotyl from the
intercalary meristem (after Young).

Fie. 14. Reconstruction of a portion of the seedling to show vascular supply to the scutellum,
coleoptile and mesocotyl.

(TexT-FIGS. 15-25)

Fias. 15a—e. Serial longitudinal, and

Fies. 16a-f. Transverse sections of mature embryo showing the origin of the pair of auricles
and the epiblast. X 76.

Figs. 17-25. BSerial transections through the mesocotyl at a-a, b-b and c-c of Fig. 14. X 25.

. * The magnification noted against each of the figures has been reduced to almost half its
size,
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Prate XVII (PEOTOMICROGRAPHS)

(Fies. 26-34)

Proembryo at quadrant stage with two-celled suspensor. X 720.

L.S. of the elongated proembryo showing development of coleoptile and growing
point on its ventral side. x 692.

Median 1.s. of embryo showing differentiation of the ventral region to give rise to the
coleoptile, growing point and epiblast; the dorsal region has vacuolated cells.
X 416.

T.8. through growing point showing encireling of the vegetative axis by the scutellum.
X 412.

Median l.s. of the mature embryo showing epithelial glands and zonation of the apical
meristem of the primary root. X 65.

Median 1.s. of the same showing the extra-protection of the plumule afforded by the
ventral scale, auricles and the epiblast. % 65.

Median l.s. of the mature embryo showing auricle and epiblast. x1135.

34. T.8. of the mature embryo showing the epiblast (Fig. 33) and the pair of auricles
(Fig. 34). x130.
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