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A PROTOCORM OF OPHIOGLOSSUM 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY i67 

LOREN C. PETRY 

(WITH THIRTEEN FIGURES) 

Historical 
The earliest description of the growing region of Ophioglossum 

vulgatum is by BRAUN (4) in i839. He recognized the spiral 
arrangement of the leaves and described the sheathing of the grow- 
ing point. HOFMEISTER (g) in i857 described the apical cell of 
the same species as triangular in transverse section; its exact 
form was not stated. The vascular cylinder was described as a 
loose network with a large gap corresponding to each leaf. How- 
ever, he stated that the bundle connecting with the leaf is sent off 
from the upper angle of the gap. Russow (I3) gave the histologi- 
cal details of the structures of 0. vulgatum, and pointed out the 
positions of protoxylem and protophloem. 

The first extensive description of the anatomy of this species 
is by HOLLE (io). He refuted HOFMEISTER'S statement that the 
leaf trace attaches to the upper angle of the gap. He further stated 
that there is a root corresponding to each leaf and that the bundle 
of the leaf trace is continuous with that of the root inserted immedi- 
ately below it. The apical cell is described and figured. 

VAN TIEGHEM (I4) in i890 discussed the transition of the 
vascular cylinder of 0. vulgatum from a solid stele to the medullated 
condition, and described an endodermis surrounding each bundle of 
the mature stem. ROSTOWZEW (I2) described the development of 
young plants of this species from buds upon roots. His figures 
indicate that the apical cell is sometimes a truncated pyramid. 

BOWER (i) in i896 described the vascular anatomy of 0. 
Bergianum as resembling closely that of 0. vulgatum. He discussed 
the anatomy of the latter species and decided that the relation 
between root and leaf is variable. BRUCHMANN (5) described the 
development of the embryo of this species. The vascular develop- 
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ment of the sporeling is not given, but it is stated that it follows 
that of the bud as described by ROSTOWZEW (I2). 

BOWER (2) in I904 described the vascular structures of 0. sim- 
plex and 0. pendulum. In the latter species the many strands of 
the petiole unite to form 5 bundles which unite separately with the 
vascular cylinder. CAMPBELL (6) described the usual form of the 
apical cell of 0. pendulum as a triangular pyramid; a truncated 
triangular pryamid was found occasionally. The first division of 
the segment of the apical cell is transverse. The same author 
(7, 8) later described the development of the embryo of 0. moluc- 
canum. The embryo consists of cotyledon and root only; no stem 
is recognized. The leafy plant arises from a bud upon the root of 
the embryo. 

BOWER (3) in i9iI described the vascular structures of 0. 
palmatum, which constitutes the division CHEIROGLOSSA. The 
stele is a very loose network. The leaf trace is double and the two 
strands connect with the vascular cylinder at opposite sides of the 
common gap. Roots are diarch or triarch and sometimes occur 
within the pith. BOWER concluded that the double leaf trace is a 
derived condition. 

LAND (ii) described very briefly a protocorm found in material 
of 0. vulgatum from southern Mexico. No details of the structure 
were given. 

Investigation 

The protocorm described by LAND (ii) is the subject of this 
investigation. Its size and general appearance are described in 
that paper. The specimen was sectioned and examined with 
especial reference to its vascular anatomy and apical region. 

As already stated, the protocorm is approximately spherical 
and about 9 mm. in diameter. The growing point is at the bottom 
of a circular pit which extends downward about o.8 of the diam- 
eter of the corm (fig. i). The functioning leaf arises from this 
pit and its base is attached to the side of the pit at a distance of 
about 2 mm. above the growing point. Above the base of the 
functioning leaf the bases of 6 other leaves are present, and below 
it the primordia of 6 others occur. The leaves are arranged in an 
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irregular spiral approximating the 25 arrangement that has been 
described for this species. 

The vascular tissue all occurs above the growing point, that is, 
surrounding the circular pit from which the leaves arise (figs. i, 2). 

Each leaf trace consists of two strands which connect separately 
with the vascular tissues of the corm. The roots extend in a general 
horizontal direction outward from the vascular tissue; three roots 
occur between the vascular tissue and the central pit, and run in 
a downward direction. 

1 ~~~~~~~~~~~~~~~C' 
FIGS. I, 2.-Fig. i, diagram of longitudinal section through protocorm: x, posi- 

tion of apical cell; c, cylinder strands; r, root strands; 1, leaf strands; Fig. 2, 
transverse section of protocorm, 3 mm. above bottom of pit: i, leaf primordium; 
fi, petiole of functioning leaf; c ,c cylinder strands; r,r, root strands; 1,1, leaf strands; 
X7. 

From study of the serial sections a model of the vascular sys- 
tem was built up in clay to a scale of 30 diameters. This was 
copied in plaster and photographed (figs. 3, 4, 5). 

As shown by these figures, the vascular tissue makes up a 
definite cylinder. Its structure will be understood from the 
following illustration. Suppose the vascular cylinder of an ordinary 
rhizome of this species to be turned "wrong side out" by pulling 
the apical region down through the center of the stele, as one would 
pull the bottom of an inverted sack through the tubular part. 
This eversion of the stele of an ordinary rhizome of 0. vulgatum 
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would produce a structure differing in only two important par- 
ticulars from the vascular cylinder of the protocorm: (i) the 
leaf trace of the inverted cylinder of the rhizome would be a single 
bundle; the leaf trace of the protocorm consists of two bundles; 
(2) the roots of the everted cylinder of the rhizome would be 
within the cylinder; in the protocorm, with three exceptions, they 
are outside. 

' 4~~~~~~~~~~~~~~~~~~~~~~j 

FIGS. 3, 4.-Fig. 3, model of the vascular system of the protocorm, from the 
side: f, bundles of the functioning leaf; x, position of apical cell; X8; Fig. 4, model 
from the side at right angles to fig. 3. 

As indicated by this illustration, the oldest portion of the 
cylinder is at the top of the corm and the formation of new vas- 
cular tissue proceeds in a downward direction. There is a gap in 
the cylinder corresponding to each leaf; no gaps not definitely 
related to leaves occur. The gap is below the point of attachment 
of the leaf bundles, as would be the case in the everted cylinder of 
a rhizome as described above. On either side of a gap a strand 
runs downward in a nearly vertical direction for a short distance 
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and then divides into two strands which run almost horizontally 
and close the leaf gaps on either side. The leaf bundles correspond- 
ing to a gap sometimes attach to the vertical strands at the sides 
of the gap; much more usually, however, they connect with the 
horizontal strand above the gap, at about g90 apart. 

In a single instance, three bundles separate from the strands of 
the cylinder. Two of these fuse at a very short distance from their 
points of connection with the cylinder strand, and the two resulting 
strands form the vascular supply of a leaf. 

Along a vertical strand the phloem is upon the inside of the 
cylinder and the xylem outside 
(fig. 6). Where the strands run 
horizontally the phloem is often 
upon the upper side. This twist 
of the strands never exceeds 900, 
that is, phloem never occurs on 
the outer side of a strand. The 
protoxylem is at the outer mar- 
gin of the xylem area (fig. 7). No 
endodermis can be distinguished * 
about any of the cylinder 
strands; both xylem and phloem 
are bordered directly by un- 
modified parenchyma. FIG. 5.-Model from above 

The leaf bundles, when they 
separate from the cylinder strands, run horizontally inward for a 
short distance, then run obliquely upward till they emerge within 
the central pit. At this point the two bundles of a leaf trace are 
about o. 5 mm. apart, and they run parallel to each other at this 
distance through that part of the petiole within the pit. 

In the petiole of the leaf the xylem is adaxial, as in an ordinary 
plant. Where the leaf bundles are horizontal the phloem is above 
the xylem, and in this position the xylem and phloem connect 
directly with the corresponding tissues of the horizontal cylinder 
strands. In the few cases where a leaf strand connects with a 
vertical cylinder strand, the xylem connects directly. The phloem 
of the cylinder strand swings to one side to pass the xylem of the 
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leaf strand and then connects with the phloem upon the upper 
side of the leaf strand. 

The roots grow in a slightly downward direction outward from 
the vascular cylinder. The root stele is monarch with the phloem 
above, as described for the roots of this species. Where these 
attach to a horizontal strand of the cylinder, the xylem and phloem 
are in the same relative positions in the two strands, and they 

6 ~~~~~~~~~~~~~7 
FIGS. 6, 7.-Fig. 6, transverse section of cylinder strand of protocorm: arrow 

indicates direction of central pit; p, phloem; X236; Fig. 7, diagonal section of 
young cylinder strand of protocorm: arrow indicates direction of central pit; p, 
phloem; X 236. 

connect directly. Where a root connects with a vertical strand of 
the cylinder, the xylem of the root connects directly with that 
of the cylinder strand; the phloem of the root swings to the side of 
the cylinder strand and passes around to its inner side, where it 
connects with the phloem of that strand. 

The roots are very numerous. There are about sixty-five in 
which xylem has been differentiated, and probably fifteen more in 
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which root formation is evidenced by at least an apical cell. A 
root usually attaches to the cylinder near the point of attachment 
of a leaf bundle. This produces a cross of vascular tissue, such as 
is shown in fig. 2. This relation of leaf bundle to root bundle is 
not invariable. 

The ground tissue of the protocorm is a large-celled parenchyma 
similar to that of an ordinary rhizome. There are no intercellular 
spaces. The tissue within the vascular cylinder differs in no way 
from that outside. The cells everywhere are packed with food 
material, principally starch. 

Examination of the sections through the region immediately 
below the bottom of the central pit of the protocorm shows a 

,a 8 a ? a 10 
FIGS. 8-Io.-Fig. 8, a transverse section of apical region of protocorm, 40 / 

below bottom of central pit: a, apical cell; X236; Fig. 9, a section 70 /L below 
bottom of pit; Fig. Io, a section 95 ja below bottom of pit. 

conspicuous apical cell, triangular in cross-section (figs. 7, 8, 9). 
This apical cell is an inverted triangular pyramid with strongly 
curved faces. It is about I20 / in length from vertex to center of 
base, and each side of the base is approximately 30 /I in length. 
By reason of the strong curvature of the faces of the pyramid, 
the cross-section of the cell is greatest about halfway between 
vertex and base, where each side of a transverse section measures 
about 42 /L. 

The youngest segment of the apical cell has not divided. The 
next segment has divided twice longitudinally (figs. 8, 9, io), and 
one of the resulting cells has divided once transversely, as shown by 
a count of the nuclei. The outlines of the third segment cannot be 
traced. 
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When a segment is first cut off from the apical cell, its principal 
wall is approximately parallel to that of the apical cell. The lower 
portion of the segment soon enlarges and the segment assumes the 
shape of a truncated rectangular pyramid, with the smaller end 
above. Transverse sections of the second segment, as repre- 
sented in figs. 8, 9, and io, show this enlargement of the lower 

portion of the segment. This unequal 
growth of the upper and lower parts 
continues with the further division of the 

FG cells of the segment. The result of this 
FIG. II.-Diagram show- 

ing eversion produced by unusual manner of growth is represented 
unequal growth of upper diagrammatically by fig. ii. As shown by 
and lower portions of the this diagram, the upgrowth of the periph- 
apical segments. 

eral region and the resultant everted form 
of the protocorm are direct results of the behavior of the segments 
of the apical cell. 

For purposes of comparison, the apical region of an ordinary 
rhizome. already described by HOLLE (io), was re-examined with 
especial reference to the divisions of the segments of the apical 
cell. In all cases examined, the apical cell is a triangular pyramid, 
as in the protocorm; it measures I20-I50 /- in length and 30-50 /L 

across each face at the point of greatest width (figs. I2, I3). Each 
segment divides transversely first, that is, by a periclinal wall. 
Two longitudinal divisions at right angles to each other usually 
follow in the outer cell of the segment. The inner cell of the seg- 
ment may divide in the same way, but more usually the divisions 
are irregular. While the segments cannot be traced to any con- 
siderable distance from the apical cell, it is clear that the upper 
and lower parts of a segment enlarge about equally, in contrast to 
the unequal growth of the parts of the segment in the protocorm. 

Leaves and the sheathing tissue about the leaf bases arise 
from the upper cell of the segment; stem tissue is produced by 
the lower cell. Procambium develops very near the apical cell, 
within the region where the segmentation can be definitely deter- 
mined (fig. I3). In the case figured, it is certain that the vascular 
tissue of the stem is being developed directly from segments of 
the apical cell, and entirely independent of the leaf traces. The 
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procambium strands figured, when traced through the serial sec- 
tions, are found to connect. They constitute the vascular strand 
which closes the gap of the leaf second in order from the apical 
cell; the procambium of a trace which will supply the youngest 
leaf connects with it. 

12 1 
FIGS. I2, I3.-Fig. I2, longitudinal section through apical region of rhizome; 

X236; Fig. I3, longitudinal section through apical region of rhizome: p,p, procam- 
bium strands; X236. 

Discussion 

In view of the complex anatomy of the specimen investigated, 
it seems necessary to state that the term "protocorm" is used by 
LAND (II) and in this paper without any intended implication 
that the object so named is necessarily simple in its structure. 
The name has been applied rather with reference to its external 
appearance, which is not unlike that of mature plants of Phyllo- 
glossum and of young plants of Lycopodium cernuum, to which 
the name was first applied. 

In order to compare the vascular system of the protocorm with 
that of an ordinary rhizome of the species, the effects of the unusual 
behavior of the segments of the apical cell must be taken into 
account. By reason of the eversion produced, the tissue surround- 
ing the central pit corresponds directly to the cortex of an ordinary 
rhizome. In the same way, as regards origin, the tissue immedi- 
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ately outside of the vascular system is pith. The xylem and 
phloem are therefore, for the most part, placed in the usual collateral 
arrangement, with phloem next to the cortex. The protoxylem 
occurs next to the pith. Hence we may describe the vascular 
system of the corm as an everted ectophloic siphonostele with 
endarch xylem. The vascular cylinder therefore differs from that 
of the rhizome only in being everted. 

The constant occurrence of a double leaf trace in this specimen 
is noteworthy. Exactly the same situation has been described for 
0. palmatum by BOWER (3). The same writer (2) describes the 
leaf trace of 0. pendulum as composed of five strands, and thinks 
it probable that this is the case in all the species of the group 
OPHIODERMA. If this be true, the specimen described in this paper 
represents the fifth species of the genus in which a multiple leaf 
trace occurs. 

BOWER points out the fact that those species which have a 
multiple leaf trace are offshoots of the main line of the genus, and 
he considers them as derived forms. In the case under discussion, 
the specimen described belongs to the species usually considered 
most representative of the genus. It is to be noted that the 
rhizome of 0. palmatum is very broad in proportion to its length, 
and often almost spherical in shape. While the rhizome of 0. 
pendulum is relatively small, the figures of 0. simplex indicate a 
rather stout stem, and CAMPBELL (8) describes the rhizome of 0. 
intermedium as "very short, forming a small tuberous body." It 
seems probable that in the protocorm described above the doubling 
of the leaf trace is related directly to the extreme lateral expansion 
of the corm, due to its manner of growth; and it is possible that in 
the other species of this genus with a multiple leaf trace the same 
explanation may hold. 

If this explanation of the doubled leaf trace is accepted, every 
unusual feature of the protocorm is definitely related to the peculiar 
behavior of the segments of the apical cell. It is to be noted that 
these segments in the protocorm differ in their development from 
those in the rhizome in two particulars: (i) in the rhizome the 
first division of a segment is transverse, and the later divisions are 
variable; in the protocorm the first two divisions are longitudinal; 
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(2) in the rhizome the upper and lower parts of a segment develop 
uniformly; in the protocorm the upper and lower parts of a segment 
grow unequally and the eversion of the corm results. 

CAMPBELL (8) states that in 0. moluccanum there is "no reason 
for assuming that the tissues of the very open reticulum forming the 
fibrovascular system of the rhizome is in any part due to additions 
from the apical tissue of the stem." As pointed out above, this is 
distinctly not the case in the rhizome of 0. vulgatum, where the 
procambium strands are definitely related to the apical cell. It is 
to be noted also that the procambium of a leaf trace develops 
first at the point of connection of the strand with the cylinder. 

Summary 
i. The protocorm is nearly spherical, with a circular pit in the 

center of the top. This pit extends downward about o.8 of the 
diameter of the protocorm, and the apical cell is located at its 
bottom. 

2. The bases of the leaves are attached to the sides of this pit, 
with the oldest at the top. The functioning leaf is the seventh, and 
the primordia of six others occur below it. 

3. The vascular cylinder is an everted ectophloic siphonostele 
with endarch xylem. The leaf trace consists of two strands which 
attach separately to the cylinder. The roots are numerous and 
outside the cylinder. 

4. The apical cell is a triangular pyramid. The segments divide 
twice longitudinally before a transverse division occurs. The seg- 
ments enlarge below more rapidly than above, and the eversion of 
the cylinder results from this. 

5. The segments of the apical cell of a rhizome of 0. vulgatum 
divide transversely first; the later divisions are irregular. The 
upper and lower portions of a segment enlarge uniformly. 

6. The vascular tissue of the rhizome is produced by the apical 
cell directly, and is not made up of leaf traces. 

The writer is indebted to Professor JOHN M. COULTER for many 
helpful criticisms, and to Dr. W. J. G. LAND under whose direction 
the investigation was made. The writer wishes also to express his 
thanks to Mr. W. A. POYSER for help in securing material. 
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