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Summary. The roots of Ephedra foliata have along cap. The root apical meristem
can be distinguished into (1) a discrete layer of stelar initials, (2) the columella and
its initials, and (3) a common initiating region for the cortex and the peripheral
region of the cap. The study of the cell lineages brings out that the first zone and
its derivatives show a “Kérper’’complex of cells, the second and its derivatives
divide in a transverse plane, and the third zone exhibits the “Kappe” complex.

This organization resembles the “‘gymnospermous’ type mentioned in the older
literature in the discreteness of the “plerome.”

A possible line of evolution of the root apical structures of gymnosperms is
suggested.

A perusal of the literature reveals that the root apical organization
of gymnosperms was studied during the last century by van TreEeHEM
(1870, 1891), STRASBURGER (1872, 1879), Bowxr (1882), DE BaRY (1884),
and van Tie¢uem and Dovrror (1889). In recent years only a few more
have added to this list (ALLEN, 1947a, b; SPURR, 1949; WiLcox, 1950,
1954, 1962). The recent publications of GUTTENBERG (1961) and CLowes
(1961) also do not mention any more significant additions to this. The
author undertook a comprehensive study of the root apical organization
of about 38 species of gymnosperms. The results are being presented in
a series (PiLLAt, A., 1963, 1964). This article deals with the root apical
organization of Ephedra foliate Boiss. var. ciliata.

Material and Methods

Root tips of mature plants were dug out carefully and fixed immediately. In
the laboratory, seeds were germinated in petri dishes and the roots collected when
1 to 2 em long. Root tips from 1, 2, 3 and 4 week old seedlings grown in earthenware
pots were also fixed in separate lots. These materials were in active growth at the
time of fixing (i.e.) they were not exhibiting any dormancy which some gymno-
spermous roots exhibit (cf. A. Prrraz, 1964). Embryos in various stages of devel-
opment, including mature ones, were dissected out of seeds and fixed. All materials
were fixed in BucanOLZ’S variation of F.A.A. (cf. BRowNLIE, 1953) and processed
by the aleohol-xylol method as described previously (A. Pirrar, 1963).

* Now the Birla Institute of Technology & Science.
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Observations

The apical organization in the roots and in the radicular tips of the
embryos at the different stages of development, is similar (Figs. 1—5).
The most prominent feature in the mature root is the great length of the
root cap (Fig. 4). It is about 1,200 yx long and comparatively narrow,
being only 210 ¢ at its broadest region at the proximal end of the
columella.

The cap shows two distinct regions — the columella and the peri-
pheral region. The stele has discrete initials. The cortex and the peri-

Fig. 1 Fig. 2
Fig. 1. Median longisection of a mature root apex showing the three initiating zones. ( X 175)

Fig. 2. Median longisection of the radicular apex of a mature embryo showing the three initiating
zones. ( X 175)

pheral region of the cap form a continuous tissue (Figs. 1, 2 and 5). Thus,
three zones occur in the root apical meristem.

Zone 1. The Stelar Initials. Discrete stelar initials can be clearly dis-
tinguished from the columella. As seen in longitudinal section, these
initials lying immediately proximal to the columella, form a single row
of about 4 to 7 isodiametric cells at right angles to the long axis of the
root (Figs. 1 to 5). “Kdérper’divisions of these initials contribute to the
stele, enabling it to broaden out.

In Ephedra foliata DEsSHPANDE and BHATNAGAR (1961) have reported a
uniseriate transverse layer of “root initials’” below which the linear rows
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of the columella arise. They have not mentioned whether these initials
contribute to the stele as well as to the columella. In the present study it
is observed that the initials for these two regions form two superimposed
tiers (Figs. 2, 3 and 5). An examination of about 50 mature root tips and
150 embryonic ones in different stages of development failed to reveal a
single instance where divisions of these initials contributed to the colu-
mella distally. Nor do they contribute to the cortex. Such clearly delim-
ited stelar initials were absent in the Cycad and Conifer root apices
reported earlier (A. Prra1, 1963, 1964).

Fig. 8. The initiating region of the mature root apex shown in Fig. 1 enlarged to show the stelar and
columella initials in superimposed tiers. ( X 430)

Zone 2. The Columella Initials. The columella is composed of regular
files of cells and its initials form a plate of about 5 to 6 cells when ob-
served in longitudinal section (¥ig.5). The plane of division of the
initials is transverse, and the daughter cells retain their capacity to
divide even after slight vacuolation. Occasional longitudinal divisions
add to the width of the columella.

Zone 3. The Initiating Zone for the Cortex and the Peripheral Region
of the Cap. This zone surrounds the stelar pole and the proximal end of
the columella. The exact extent of this initiating region is vague because
the cells show the same cytological features for some distance proximally
and distally. In longitudinal sections, only 6 to 7 cell-layers of this zone
occur on either side of the stelar and columella initials (Fig. 2 and 5).
This zone gradually narrows proximally and so the mature cortex is
narrower than its initiating region (Fig. 4). The cells around the stelar
and columella initials exhibit the “Kappe’type of divisions as mentioned
for the Conifer roots (A. Prirar, 1964). Such divisions bring about an
increase in the number of cell rows distally. Continuous cell rows can be
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traced from the cortex into the peripheral part of the root cap, inter-
rupted here and there by “Kappe”divisions (Figs. 2 and 3).

IR
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Fig. 4. Longisection of the mature root apex showing the extraordinarily long root cap. ( X 50)

According to Crowes (1950), groups of
cells derived from a single cell “represent
cell complexes”. The cell-rows in this zone
exhibit a fairly constant pattern and con-
stitute a genetically related cell complex.
The cell-rows of the peripheral region of
the cap are arranged almost parallel to the
root axis and they do not curve inwards
towards the columella cylinder as observed
in the majority of Conifer root reported
upon earlier. This may be due to the colu-
mella in this root being almost as broad as
the stelar cylinder (70 1), whereas in Conifer
roots it is narrower than the stele.

The changeover from the meristematic
to the mature cortical cells proximally is a
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Tig. 5. Median longisection of the apex of a mature root
showing the three initiating regions

gradual process. The permanent increase in cell-rows distally due to
“Kappe”divisions cannot continue without a compensating mechanism,
which may be the sloughing off of the outer cells. Unlike in the Conifer roots,
the peripheral part of the root cap is devoid of any coloured contents.
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Discussion

The root apical organization in this species resembles the “gymno-
spermous’’ type mentioned by earlier authors like Janczewsxkz (1874) in
the presence of a discrete “plerome’. The latter describes a common
injtiating region for all the other zones, whereas here separate initials for
the columella and a common initiating region for the cortex and peri-
pheral part of the cap could be shown. DESHPANDE and BHATNAGAR (1961)
have reported that the “initials are arranged in a single, transverse
layer”, but do not trace the fate of the resulting files.

GUTTENBERG (1960) classifies the apical structures of the root into
two major types, the “closed” one with discrete initials for the different
regions, and the “open” one with common initials for all the regions of
the root. As the structure of the root apex of Ephedra foliata falls into
neither of the above types, it may be designated as partially open. In the
Cycads and Conifers the root apical structures are of the open type
(A. Prrraz, 1963, 1964).

Relation between the columella and the peripheral region of the root cap

Even from the time of ScuachT (1853) the two regions in the gymno-
spermous root cap — the columella and the peripheral region — have
been recognized. TrEas (1913) was the first to report separate initials for
these two component parts of the root cap. Later investigators disagree
regarding the relation between the columella and the surrounding region.
Scrorr (1943), ALLEN (19472) and Wincox (1954) hold that the more
lateral cells of the column shift polarity abruptly and grow out obliquely
upward and radially from the axis alignment, thus contributing to the
rest of the cap. Spurr (1949), while tracing the cell lineages in the
embryo of Pinus strobus, reports cells in the outer and upper flanks of
the root cap assuming an oblique orientation forming the peripheral
part of the cap by further divisions.

These two regions of the cap exhibit different types of complexes.
The columella files divide in the transverse plane and are arranged in
vertical files which are aligned for a long distance. The cells of the peri-
pheral region show the “Kappe”type of divisions to form files which
increase in number distally. Moreover, histogenetic studies on nearly
150 early embryos and about 50 mature root apices show no evidence of
the columella initials contributing to the peripheral region of the cap.
If, as Scmorr (1943), ALLEN (1947a), and WiLcox (1954) mention, the
columella initials contribute to the peripheral region by “shifting polar-
ity,” the cell lineage around the columella cannot continue to represant
the “Kappe”complex as exhibited by this root and widen distally.
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Theories of apical organization and their application to the interpretation
of the root apex of Ephedra foliata
NicrLr's (1845) apical cell and GUTTENBERG'S (1941) central cell
theories are not suitable for the interpretation of the organization met
whith in this root. HANsSTEIN’S (1868) histogen theory, though still useful
for the interpretation of the root apical meristems of angiosperms (CLOWES,
1961), is of little utility here. Here, the root apex is divided into zones for
descriptive purposes. ScHUEPP’'s (1926) “Korper-Kappe’concept has
been used in interpreting the cell lineages and the organization of the
root apices of this and other gymnosperms (A. PrLraz, 1963, 1964).

A Probable Evolutionary Trend in the Root Apical Structures
of Gymmosperms
Literature on root apical meristems in general does not discuss much
the evolutionary lines in their apical organization. The earliest of the

Fig. 6. Diagrammatic representations of the initiating zones at the root apices of the Cycads, Conifers
and Ephedra foliata to show the suggested evolutionary trend.

S Stelar initials, € Columella initials, P Common initiating region for the cortex and peripheral
region of the root cap

few references concerning this aspect is by HABERLANDT (1914) where he
traces a line of advance from the root apices showing distinct stratifica-
tion to those with a common unstratified group of initials for all the
tissues of the root. In contrast, Esau (1960, p. 180) discussing Voro-
NIN'S (1956) work, says “The type of apical meristem with the common
initials may be phylogenetically primitive”. S. K. Prrrar (1963) and
S. K. Piuraret al. (1961, 1965) have suggested such an evolutionary
trend in the roots of members of the Scitaminales, Palmae and Com-
positae, i.e. from those having a common group of initials to one with
separate initials for the different tissues.

The author’s studies on the root apical organization of gymnosperms
(A. Prrraz, 1963, 1964) lend support to the latter suggestion. The most
primitive group, viz. the Cycads, exhibit a common or undifferentiated
type with a cup-shaped promeristem from which all the tissues of the
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root originate. The next advance appears in the Conifer root apices
where the stele and columella arise from one set of initials, and the cor-
tex and the peripheral part of the root cap from another. This is the
most prevalent type. The organization met with in the root apex of
Ephedra described here shows an advance over the Conifer type in
having distinct initials for the stele, another set for the columella and a
third set for the cortex and the peripheral part of the root cap. This
may possibly show the culmination of the phylogenetic trend within the
gymnosperms. This line of advance is shown in Fig. 6.

The author gratefully acknowledges the guidance she received from and the
keen interest shown in her work by Prof. B. N. Muray, the Head of her Depart-
ment. She is indebted to her husband and co-worker, Dr. S. K. PiLra1, Reader
in her Department, for many invigorating discussions and much help.
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