Katherine Esau

Anatomy and Cytology of Vilis Phloem':"
INTRODUCTION
AN INTENSIVE investigation of the
phloem of Vitis vinifera L., the grapevine, was previously reported in this
Journal (Esau, 1948a).3 That study was
centered on the development of the tissue, especially with reference to seasonal
changes. It served as a background for
the subsequent study of the effects of
Pierce's disease virus on grapevine
(Esau, 1948b). In connection with the
earlier study, samples of bark were collected from thirty species of Vitis, other
than V. vinifera, growing in the experimental vineyard of the Department of
Viticulture at Davis. The first part of
the present paper reports on a survey
of phloem of these species.
After an electron microscope was installed on the Davis campus, the ultrastructure of phloem tissue became one of
the important research projects in the
Department of Botany at Davis. Vitis
phloem was included in the studies and
a considerable amount of information on
this tissue was obtained during 19601962. This information constitutes the
major part of the present paper.
Methodology in submicroscopic research is still new and is changing
rapidly. The ultrastructural data reported here are based on relatively early
techniques. Nevertheless, these data expand the understanding of the structure
and seasonal changes in the conducting
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level."

8 See "Literature Cited" for citations referred to in the text by author and date.

element, the sieve element, and further
differentiate this element from the associated nucleate cells. The present study
has confirmed the interpretation of some
previously recognized features but has
also introduced new problems.
Early ultrastructural investigations
on plant material have emphasized meristematie or relatively undifferentiated
parenchyma cells, especially those derived from root tips (see, for example,
Whaley et al., I 960), and the submicroscopic structure of such cells is relati vely well understood. Interpretation
of the fine structure of mature and
highly specialized cells must therefore
be made by comparison with the lessdifferentiated cells. Part of the present
paper deals with the sieve element in the
root tip, which was studied against the
background of information on more or
less meristemati« parenchyma cells of
the same parts of the root. These backg-round observations are reported in full
because they help to single out the specifie characteristics of the sieve element.
The literature pertinent to the subject matter is not reviewed under a
separate heading. Certain references are
mentioned in connection with individual observations in the main text, but
the comprehensive comparison of data
obtained with those reported in the
I iterature appears only in the discussion. The specific terminology concerning the phloem tissue is explained in the
previous Hilgardia article on Vitis
phloem (Esau, 1948a) , and that serving
for the description of ultrastructural
details has been reviewed by Esau and
Cheadle (1965).
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MATERIALS AND METHODS
The collections of species from the
Department of Viticulture vineyard at
Davis included branches ("canes" and
"arms"') of various ages. A major collection was made on January 10 and 11,
1946, when the cambium and phloem
were dormant. For determination of
possible reactivation of previously active but now dormant phloem-a relatively uncommon phenomenon but characteristic of Vitis vinifer(lr-bark
samples of the same species were collected on June 18, 1947. The bark was
slipping at this time, an indication of
cambial activity.
Dormant material was killed in
chrome-acetic-formalin solution, embedded in water-soluble stearate, sectioned on a sliding microtome, and
stained with Bismark brown, iodine
green, and lacmoid (often called resorcin blue), all according to Esau
(I 948a). Summer material was killed in
the same mixture, sectioned on a freezing microtome, and stained as the dormant material. In both sets of slides the
sections were mounted in light Karo
syrup and the cover glasses were sealed
with Canada balsam. The two stains,
Bismark brown and iodine green, have
retained their brilliance through the
years, but the laemoid has largely faded.
Some of the root tip material used for
light-microscope study was killed in
chrome-acetic-formalin solution, processed through paraffin, and stained
with hematoxylin and safranin according to the schedule described by Esau
(1944). Other root tips were studied in
slides used as monitors in electron microscopy. These slides bore sections, cut
%- to Lmicron thick, of material embedded in methacrylate and stained
with safranin and methyl violet (Esau,
Cheadle, and Risley, 1962).
For electron microscopy, most samples were fixed in 4 per cent potassium
permanganate (KMnO-t) for several

minutes at room temperature (23°C)
and all were embedded in methacrylate.
Some material was fixed in osmic acid.
The fixations are indicated in the
legends. In nine treatments the canes
(l-year-old stems) were cut into 8-inch
pieces in the field and placed for several
hours in 0.25 M buffered or unbuffered
sucrose solution before treatment for
electron microscopy. Some of these samples were tested for plasmolyzability of
sieve elements with positive results. In
four additional treatments the canes
were not pretreated with sucrose but
were immediately cut under water into
segments suitable for sliding microtome
sectioning. In one additional treatment
immersion in water was omitted.
In treatment for electron microscopy
the bark was sectioned on a sliding microtome 40 to 60 microns thick. In some
treatments the sections were further dissected in the bathing sucrose solution,
then transferred to the killing solution;
in others, the permanganate solution
was applied to the freshly-exposed surface of a block being sectioned on the
sliding microtome. The block was then
washed wi th alcohol and sectioned further.
Material fixed with the same chemical
showed no variations ascribable to differences in pretreatment. All sieve areas
encountered contained darkly-stained
material in their pores.
The root tips for electron microscopy
were cut under a sucrose solution into
1-mm lengths beginning with the apex.
Attempts were made to exclude the rootcap. Each piece was then quartered
lengthwise before fixation in 4 per cent
!CMn0 4 for several minutes at room
temperature.
Most of the material for electron microscopy was derived from V. uiniiero
yare Sultanina (Thompson Seedless),
but some came from Black Monukka
and Emperor varieties.
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ANATOMY OF THE BARK OF VITIS SPECIES
Periderm
The previously mentioned detailed
study of the phloem of Vitis vinifcra
(Esau, 1948a) served as the basis for
comparing the phloem of the thirty
other available species of this genus.
Mostof these species are listed in Bailey
and Bailey's (1949) Hortus Second and
their names (given below) are spelled
according to that reference work. Speciesnames marked with asterisks are not
listed by Bailey and Bailey (1949) but
were furnished, as spelled, by the Department of Viticulture, University of
California, Davis.
The following species are represented
in the slide collection that served for the
comparative study of Vitis phloem:
amurensis, an dersonii" , arizonica, Raileyana, Berlandieri, calijornica, candicans, Champin,ii, cinerea, Coignetiae,
cordifolia (V. vulpina) , coriacea (V.
Shuttleworthii) , Doaniana, flexuosa,
Girdiana, Labrusca, Lincecumii, Longii,
monticola, Munsoniana, Piasezkii (val'.
Pagnuccii), retordii*, riparia (V. vulpina of some), rotundifolia (M uscadinia rotundifolia) , rubra (V. palmata), rupestris, slavinii*, Solonis (V.
Longii), treleasii", uulpina (V. cordifolia).
The bark (all stem tissues located outside the vascular cambium) of Vitis
vinifera L. (Esau, 1948a) illustrates
characteristics of this stem region prevalent in the family Vitaceae (or Ampelidaceae; Metcalfe and Chalk, 1950).
The cortex is short-lived because the
periderm is formed deep in the stem at
the end of the first season of growth of
the shoot (cane). According to Metcalfe
and Chalk (1950), the phellogen arises
in the perieycle and cuts off the pericycle and cortex. In V itis no pericycle
as such is present: the starch sheath
(endodermis) , that is the innermost
layer of the cortex, abuts on the primary phloem. After the first sieve tubes

are obliterated, primary phloem fibers
differentiate next to the starch sheath.
Metcalfe and Chalk (1950) describe the
pericycle of V. vinifera as containing
isolated strands of fibers. This treatment obscures the developmental stages
of the stem and presents incorrectly the
origin of the first phellogen. The outermost extraxylary fiber strands in the
stem of Vitis are associated with the
vascular bundles and constitute fibers of
the no-longer-functioning protophloem;
the panels of the parenchyma cells alternating with the fibers are interfascicular regions (primary rays, Esau,
1948a; primary medullary rays, Metcalfe and Chalk, 1950). The first phellogen arises partly in the primary phloem
(metaphloem) on the inner side of the
protophloem fibers, and partly in the
interfascicular parenchyma
(Esan,
19480,). Thus, when the cane matures
at the end of the first season the periderm cuts off as a unit (ringbark) the
cortex, the primary phloem fibers, and
some interfascicular parenchyma. In
subsequent years phellogen forms in the
secondary phloem and consequently
successive layers of secondary phloem
are shed (fig. 1,A). In secondary
phloem the phellogen is derived from
subdividing parenchymatic elements of
the tissue: ray cells and axial parenchyma cells.
The place of origin of the first periderm in the different species was determined by examining the bark of canes
at the end of the first season's growth
(mature canes of the viticulturist). In
all species, except V. rotundifolia, the
tissue underlying the periderm was
secondary phloem with nonfunetioning
remnants of metaphloem; that is, the
cortex and the primary phloem fibers
were absent. In V. rotundifolia the periderm did not remove the cortex; it arose
superficially. The same position was occupied by the periderm of older
branches (arms; fig. 1,B). As a result of
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Fig. 1. Transverse sections of bark. Sliding microtome sections. The phloem is dormant. A.
Vitis monticola. Phloem contains one annual increment. Inner layer of periderm has cut off
phloem increment of preceding year. Still-older phloem was shed earlier. Numbers 44 and 45
indicate that layers of late phloem (lp) were formed in 1944 and 1945. B. Vitis rotundifolia.
Bark contains cortex and both primary and secondary phloem. F'ibers at right are protophloem
fibers. Periderm arose near surface of stem. Rays became dilated with increase in width of stem.
(Both, X98.) Details: f, fiber; lp, late phloem; s, sieve element; v, vessel.
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the shallow origin of the periderm in
V. rotundifolia the bark of older stems
in this species contains several years
growth of phloem, remnants of primary
phloem, within which fibers are the most
conspicuous components (cells labeled
fibers in fig. 1,B), and the periderm. The
rays widen in their outer parts by dilatation growth.
In Vitis species other than V. rotundifolia, layers of phloem are cut off yearly
by periderm arising in successively
deeper tissues. The bark is shed as a
ringbark, In V. rotundifolia the stem
remains smooth because only a small
amount of cork is sloughing off. No collections were made to determine
whether still-older stems develop deeper
periderm in this species. Presumably
the first periderm persists for a long
time because Bailey and Bailey (1949)
characterize the bark of V. rotundifolia
as not shedding.
In species shedding phloem during
periderm formation the amount of
secondary phloem accumulating beneath
the periderm is variable (fig. 2), and
phellogen occasionally originates at different depths around the same circumference of the stem. In such instances
the outer bark surface is uneven (fig.
2,B). Some undulation of the bark surface may result also from the circumstance that the phellogen has a deeper
origin in the rays than it does elsewhere
(figs. 1,A, and 2,A).
Because of the somewhat variable
depth of formation of the successive
phellogens, secondary phloem may be
represented by one or more annual increments. The phloem in figure 1,A, for
example, contains only one increment
and a small amount of another; that in
figure 2,B, contains one and parts of a
second in the thinnest region and two
and part of a third in the thickest. This
interpretation is based on the assumption that the layers of narrow cells
labeled lp in figures, 1,A, and 2,B, constitute late phloem-that is, phloem
produced at the end of seasonal growth.
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In the absence of layers of conspicuously narrow cells distally from cambium (fig. 2,A,C) the age of the bark is
difficult to determine. Judged by the appearance of the outermost sieve tubes in
figures 2,A and C, the entire thickness
of phloem in these samples may have
been formed in one season. If so, these
views would exemplify an extra-vigorous growth of phloem.
The variations in bark structure just
discussed, other than those found in V.
rotundifolia, can hardly be considered
specific variations even though they are
illustrated here by reference to different
species; such variations probably could
be found in any species if large enough
samplings were made. In V. vinifera
studied earlier, for example, the number
of annual increments accumulated
under the periderm varied from one to
four, and the thickness of the bark
varied from lh to 2 millimeters (Esau,
1948a) .

Phloem

The species of Vitis examined have
generally similar phloem structure, except that some minor deviations were
found in V. rotundifolia. The structure
is that identified by Metcalfe and Chalk
(1950) as characteristic of the Euvitis
section of V iiis. The axial system of the
phloem occurs in discrete blocks separated from one another by wide rays.
Within the blocks, tangential strata of
sieve elements with associated nucleate
cells alternate with tangential bands of
fibers (figs. 1,A, and 2). In V. rotundifolia the fibers .are sparse and do not
form regular tangential bands (fig.
1,B). The absence of tangential strata of
fibers is given by Metcalfe and Chalk
(1950) as a distinguishing characteristic of the Muscadinia section of V itis.
The fibers are septate (fig. 3), a family
characteristic (Metcalfe and Chalk,
1950). In the present study septae were
found in all species, including V. roiu.ndiiolia. The fibers are concerned
wi th starch storage, as are the parenchymatic members of the phloem.
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Fig. 2. Transverse sections of bark showing variations in thickness of secondary phloem.
Sliding microtome sections. The phloem is dormant. A. Viii« riparia, B. V. Berlandieri. Numbers
43, 44, and 45 indicate that layers of late phloem (lp) were formed in 1943, 1944, and 1945. C.
V. Labrusca. D. V. Coignetiae. (All, X70.) Details: lp. late phloem; s, sieve element ; Y, vessel.
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Fig. 3. Tangential longitudinal section of secondary phloem of dormant cane collected Jan.
31, 1961. From monitor slide. Osmium fixation. Ray cells at edges, right and left, axial system
in the middle. Dark contents in cells, tannins. Sieve element (s) with four companion cells
(numbered 1-4) and compound sieve plates (pt) covered with dormancy callose. (X440). Details:
f, septate fiher; pa, parenchyma cell; pt, sieve plate; ry, ray cell; s, sieve clement.
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Fig. 4. Tylosoids in non functioning sieve elements. Sliding microtome sections. A. Vitis
tuulersotiii. Radial section through functional phloem showing nonoccluded sieve clement (s) and
associated parenchyma cells (pa and tpa). B. V. Labrusca. Tangential section through nonconducting phloem with two sieve elements occluded with tyloscids. Some of these have secondary
cell walls (sw ): C. V. Labrusca. Tangential section through nonconducting phloem showing part
of a sieve tube with sieve plate (sp ), Tylosoids (t) occur to the left of the plate, which bears
definitive callose (ca). The clement to the right of the sieve plate is not occluded. (A, B, X440;
C, X600.) Details: ca, callose; f', fiber; pa, parenchyma cell; s, sieve element lumen; sp, sieve
plate; S\V, secondary wall; t, tylosoid; tpa, tanniniferous parenchyma cell.
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The sieve element is as long as the
considerably elongated cambial fusiform initial, and has compound sieve
plates in the oblique end walls. Sieve
plates appear in sectional view in a
tangential section of the tissue (fig. 3)
and in surface view in a radial section
(fig. 4,A). Each sieve element has
several short companion cells (four are
seen in figure 3). Some parenchyma
cellsand ray cells are densely filled with
tannins (black in figs. 1-5) ; others contain starch and small amounts or none
of tannins (fig. 33, A,B). According to
Metcalfe and Chalk (1950), Ampelidaceae have solitary crystals, clustered
crystals (druses), and needle-shaped
(raphides) crystals. The three kinds of
crystals were found in variable numbers
in all species examined. The solitary
rhombohedral crystals and the druses
commonly occur in the marginal ray
cells, whereas the raphides are found
deeper in the rays, confined to enlarged
idioblasts.

Tylosoids in
nonconducting phloem
Occlusion of nonconducting sieve elements by outgrowths from contiguous
parenchyma cells was observed in Vitis
vinifera (Esau, 1948a). These outgrowths have been referred to in the literature as tyloses. "Tylosoids" is a more
appropriate term for them because tyloses, as they occur in the xylem, grow
through pits in secondary walls between
parenchyma cells and tracheary elements, whereas tylosoids refers to eeli
outgrowths not related to pits.' The occlusion of sieve elements occurs by more
or less localized growth of adjacent
parenchyma cells. In some instances tylosoid growth in phloem appears to be
restricted to primary pit-field regions,
4 Although the wood anatomist uses the term
"tylosoid" to denote "proliferation of a thinwalled epithelial cell into an intercellular
canal" (Committee on Nomenclature, 1957), he
also states that a tylosoid differs from a tylose
in that it does not pass through a pit. This is
the sense in which tylosoid is used here.
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in others it involves a broad expanse of
the cell wall. The connections between
tylosoids and the originating cells
(numbered regions in figure 5,A) are
therefore variable in width but are
seldom narrow. In the xylem, the corresponding connections between tyloses
and the originating cells are narrow and
relatively uniform because their diameter is determined by the size of the pit
through which the tylose grows (Esau,
1948b, p. 476).
In many species of plants, nonfunctioning sieve elements (and the associated companion cells) are crushed
completely by surrounding parenchyma
cells. Such crushing of sieve elements
has been observed in primary phloem of
IT. vinifera (E.sau, 1948a) but in secondary phloem the obliteration of sieve elements occurs largely by development of
tvlosoids, Growth of parenchyma cells
that brings about complete crushing of
phloem. cells, and the development of
tvlosoids, are related phenomena differing from one another only quantitatively.
All Vitis species surveyed in this
study showed tylosoid development. In
some samples the amount of nonconducting phloem was small, but at least
a few sieve elements with tylosoids were
found in each.
The development of tylosoids profoundly modifies the appearance of
phloem tissue. The tissue assumes an
aspect of a homogeneous parenchyma
containing starch and tannins and interspersed with bands of fibers. Both
kinds of parenchyma cells, those containing starch and those depositing
tannins, are forming tylosoids (figs.
4,B, and 5). The sieve element is in contact with parenchyma cells along its
radial (fig. 3), or tangential (fig. 4,A),
or both kinds of walls. Tylosoids appear
to have the tendency to develop in
series, either in the radial plane (fig.
5,A) or in the tangential (fig. 5,C),
sometimes from two opposite sides in the
same cell (arrows in fig. 5,B). A~ a re-
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Fig. 5. Tylosoids in nonfunctioning sieve elements. Sliding microtome sections. A,B. Vitis
M1lnsoniana. Radial sections of nonconducting phloem. In A, tylosoids (t) are seen in continuity
with the originating parenchyma cells; in B, tylosoids invaded sieve element from two opposite
sides (arrows). C. V. Labrusca. Tangential section of nonconducting phloem. Tylosoids (t)
derived from tanniniferous cells. (A, B, X520; C, X600.) Details: f, fiber; fo, fold in cell wall
formed by growth of tylosoid; n, nucleus ; pa, parenchyma cell; pi, pits; s, sieve element lumen;
sw, secondary wall in tylosoid; t, tylosoirl ; tpa, tanniniferous parenchyma cell; numbers 1,2,3,
indicate constrictions between tylosoids and the cells originating thorn.
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suIt of such symmetrical growth pattern, sections not passing through the
cells originating the tylosoids display
the latter as rows of superimposed short
parenchyma cells more or less completely occluding the lumina of the sieve
elements (fig. 4,B). The presence of
sieve plates in contact with such cells
(fig. 4,C) clearly reveals their nature.
Sieve plates of occluded sieve elements
may bear definitive callose (fig. 4,C)
and the not -occluded parts of cell
lumina may be filled with remains of
protoplasmic contents (fig. 5,A; residual material, Esau, 1948a, p. 245).

Reactivation of phloem
The phenomenon of reactivation of
phloem after "Tinter dormancy is best
documented for Vitis vinifera (see
Esau, 1948a, pp. 253-257). Dormant
sieve elements have massive amounts of
callose on sieve areas of all degrees of
specialization. During reactivation,
callose diminishes in amount and sieve
areas assume the same condition which
they attained originally during differentiation from the meristematic state.
Because reactivation has been recorded
in only a few species of dicotyledons, it
was desirable to determine whether it
occurs in Vitis species other than V.
vinifera. As mentioned in "Materials
and Methods," the bark of various species intended for study of phloem reac-

tivation was collected in early summer
of 1947 when cambial activity was well
under way and the bark was slipping.
Studies on V. vinifera (Esau, 1948a, pp.
257-259) have shown that at the time of
slippage of bark the old phloem is reactivated and new phloem is differentiating. The contrast between reactivated
and new sieve tubes is considerable hecause the new sieve tubes have a highly
turgid appearance and their sieve plates
are relatively thin. The somewhat
thicker sieve plates of the reactivated
elements have deeply-stained slime in
the pores-a reliable indication of reactivation.
Evidence of partial or complete reactivation of the 1946 phloem was observed in all species but three. In V.
Doaniana the old phloem had no dormancy callose and no slime strands in
the sieve plates. The tissue appeared to
be nonfunctioning. The new phloem also
exhibited no strands in the sieve areas.
In V. treleasii dormancy callose was unusually small in amount and thick pads
of callose occurred in the new phloem.
In V. slavinii new growth was very
scanty and old phloem appeared nonfunctional, as it was devoid of callose
and slime. Apparently these samples of
phloem were not representative of normal tissue in the three species. The phenomenon of reactivation is probably
characteristic of V itis as a genus.

CELLULAR DIFFERENTIATION IN THE ROOT TIP
Meristematic and cortical cells
Meristematic cells of root tips have
served for the initial development of the
concepts of subcellular structure of
plant cells (see especially Whaley et al.,
1960). The basic features recorded for
root tip cells in other species are found
in the corresponding cells of V itis.
Nuclei have the typical doublelayered envelope (this feature is not
represented in the figures) with pores
(figs. 6,..A., and 7,A,) which appear to

be rather evenly distributed when seen
in surface views of nucleus (fig. 7, B
and C). At higher magnifications (fig. 7,
C) the pores show a central granule,
a feature also observed by Wooding
and Northcote (1965) in nuclei in Acer
pseudoplatanus phloem. Extensions of
the nuclear envelope, which are indistinguishable from endoplasmic reticulum membranes, are common (fig. 6,A).
Permanganate fixation frequently fails
to bring out the nucleolus (fig. 6,A) or
gives a faint image of the body (fig. 8).
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Fig. 6. Electron micrographs of cells f'rom transactions of first mm of root tip (rootcap exeluded). Potassium permanganate fixation. A. Procambial cells with no discernible vacuoles. B.
Cortical cell with vacuoles (v ). Details: d, dictyosome; er, endoplasmic reticulum; m, mitochondrion; n, nucleus; po, pore in nuclear envelope; v, vacuole; w, cell wall. (Magnification of
this and following micrographs is indicated by a line, the value of which in microns is given by
the JJ- sign preceded by a number.)
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When better defined the nucleolus appears to contain vacuoles and to have no
sharp boundary (fig. 7,A); that is, the
nucleolus has no envelope of its own.
Nuclei of meristematic and partlydifferentiated cells may be more or less
lobed (figs. 8,A and 12,A).
The endoplasmic reticulum is a relatively inconspicuous structural element
of meristematic cells, but may be quite
abundant in differentiating cells (compare figs. 6,A, 7,A, and 8 with figs. 9,A,
lO,A, and 11). In permanganate-treated
material it exhibits the common doublelayered profiles. Bias cut of endoplasmic
membranes may reveal their cisternoid
form in both meristernatic and differentiating cells (figs. 8,A, and 10,A). In
some differentiating cells certain circular profiles suggest occurrence of
tubular endoplasmic membranes or a
dissociation of the membranes into vesicles (fig. 9,A, at ve). The other representative of membrane systems, the dietyosome (Golgi body) , is a common component of meristematic and differentiating cells. In young phloem cells dictyosomes may be associated with numerous vesicles, a phenomenon that needs
further study in view of the possible
involvement of dictyosome vesicles in
wall formation.
Mitochondria and plastids usually
are difficult to distinguish from one
another in meristematic cells. With
advance in differentiation the development of numerous tubular or saccate
membranes from the inner layer of the
double-layered outer membrane serves
to identify the mitochondria. Plastids
remain poorly equipped with inner
membranes but commonly produce
starch (fig. 8,B). Indication of starch
development-electron-transmitting regions mostly lacking starch as suchshould not be confused with light regions in younger plastids and mitochondria (fig. 7,A). Whaley et ale (1960)
have called attention to this phenomenon in mitochondria and have suggested that it may be an artifact in part.
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In SOIne meristematic cells the profiles
of one or more mitochondria appear
unusually long (figs. 6,A, and 8). These
mitochondria have a striking resemblance with mitochondria in Anthoceros
described by Manton (1961) as discs
with thin centers bent into a bowl or
saucer shape. They also remind one of
mitochondria in the egg cell of Pteriduim. interpreted by Bell and Miihlethaler (1964) as having the shape of an
umbo. To recognize the bowl (or umbo)
shape, serial sections or sections cut parallel with the plane of the bowl are necessary. Illustrations of the latter type of
sections are provided by the authors
named above. In Vitis, evidence that
mitochondria with the long profiles are
not cylindrical but have an extended
surface was found in views like that
shown in figure 12,B. The apparently
branched mitochondrion in this figure
is most likely an incomplete section of
a structure with an extended surface.
Bell and Miihlethaler (1964) ascribe
the umbo shape of Pteridium mitochondria to their origin from the nucleus,
but Manton (1961) suggests that the
bowl-shaped mitochondria are temporary configurations associated with mitochondrial growth and multiplication.
The study of the large mitochondria in
V itis was not carried far enough to discuss their possible origin and significance.
'I'wo kinds of vacuoles were observed
in the differentiating cells-vacuoles
free of tannin, and tanniniferous vacuoles; both kinds appeared to be of the
type not related to endoplasmic membranes (see Esau, 1963, for review of the
matter). The tannin-free vacuoles contained a thin precipitate, a common appearance in electron micrographs of
plant cells (Whaley et al., 1960). Manton (1962) states that commonplace
materials such as soluble carbohydrates
have the capacity to form vacuolar precipitates with potassium permanganate.
Tannin vacuoles containing phenolic
compounds, or tannins, are widely dis-
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Fig. 7. Electron micrographs of meristematic root tip cells illustrating nuclear details. Potassium permanganate fixation. A. Nucleus with pore in envelope. Nucleolus (nu) with vacuoles.
B,C. Nuclear envelope seen from the surface at two magnifications. Details: er, endoplasmic
reticulum; i, intercellular space; m, mitochondrion; nu, nucleolus; pI, plastid; po, pore in nuclear
envelope; w, cell wall.
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Fig. 8. Electron micrographs of meristematic cortical cells f'rom root tip. Potassium permanganate fixation. A. Some mitochondria have extremely long profiles. They may be umbo or bowl
shaped (fig. 12,B). B. Mitochondrion with long profile and plastids with starch grains. Details:
arrow, branched plasmodesma with median nodule; d, dictyosome; er, endoplasmic reticulum;
m, mitochondrion; n, nucleus; nu, nucleolus within nucleus; pl, plastid; po, pore in nuclear
envelope; w, cell wall.
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Fig. 9. Electron micrographs of cortical root tip cells. Potassium permanganate fixation. A.
Cell with larger and smaller tannin vacuoles (v) and region with vesicles probably derived from
endoplasmic reticulum. B. Cell with only few organelles and membrane systems and with a relatively dense hyaloplasm. C. Crystal cell. Sharply delimited portions of cytoplasm with dense
hyaloplasm resembling that in B. Angular spaces where crystals (raphides) were present before
fixation. Details: d, dictyosome; er, endoplasmic reticulum; m, mitochondrion; n, nucleus; pI,
plastid; r, site of raphide crystal; v, vacuole; ve, vesicles; w, cell wall.
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tributed in V itis tissues (Schanderl,
1957) and occur in both cortex and vascular cylinder in the root. Tannin occurs
throughout the vacuole, more or less dispersed (fig. 9,A), but usually also aggregates at vacuole periphery (fig. 11,A).
In young vacuoles the peripheral accumulation appears extremely dense (fig.
10,B). The apparently solid vacuoles
may be sections through such peripheral accumulations (fig. 10,B, arrow).
At the ultrastructural level, Wardrop
and Cronshaw (1962) relate the origin
of phenolic substances in wood-ray
parenchyma to dis.,;olution of starch,
and thev describe aecumulat ion of these
substances in vesicles contained within
chloroplasts or amyloplasts that later
disintegrate and release the phenolic
substances, presumably into vacuoles.
On the basis of a light-microscope study
of Vitis tissues, Schanderl (19;)7) relates tannin origin to plastid-like structures in callus and to "hollow bodies"
in root endodermis. Only vacuolar position of tannin was observed in material
used in the present study.
Many electron micrographs reveal no
vacuoles in meristematic cells (fig. 6,A;
see also fig. 2 in Whaley ei al., 1960).
Light-microscope studies have led to
the concept that presence of vacuoles is
a general characteristic of met-istematic
cells, They are small and dispersed in
smaller cells, large and conspicuous in
larger cells (Zirkle, 1932) . Variations
in cells, differences in fixation, and
thickness of sections may account for
the discrepancy between the images produced by the two kinds of microscopes.
Root cortex is characterized by an
early development of intercellular
spaces. In material fixed with potassium
permanganate, intercellular spaces in
Vitis roots frequently contain a precipitate of unknown origin and composition
(fig. 10,A). According to Geneves
(1964), intercellular spaces in radish
root arise lysigenously but the debris of
the degenerated cells are absorbed by
contiguous cells. Lysigenous origin of
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intercellular spaces was not recognized
in V itis roots.
Vitaceae (Arnpelidaceae) are eharaeterized by presence of raphide idioblasts
(Metcalfe and Chalk, 1950). In leaves
and in rays of sccondarv phloem of
V itis the raphide crystals occur in individual enlarged cells, the raphide sacs.
In root cortex, however, the raphide
idioblasts form continuous longitudinal
series of eel I s that undergo considerable
elongation af'ter the crvstals begin to
form in them (fig. 13,C). According to
Cheavin (] 938), raphides occur in a
mucilaginous vacuole. Tn material process-ed for electron microseopv the crvstals arc usually not prese rved, but their
sites within the vacuole remain discernible as electron-transmitt ing regions
(figs. 9,C, and 11,B); these sites may"
have an anaular shape in transections
(r in fig. 9,C). Occasionallv, crystals are
preserved and appear as extremely
opaque angular bodies in t ransections.
Early stages of raphide idiohlast development were not recognized with eertaintv. The hyaloplasm of raphide cells
may appear dense (fig. 9,C~). Cells with
similar hyaloplasm and few organelles
(fig. 9,B) might possibly" be raphide
idioblasts in carlv stages of differentiation. In some raphido cells 1110S1. of the
organelles and membrane systems appeared disorganized (fig'. 9,C) ; in other,
possibly younger, cells a considerable
amount of endoplasmic reticulum was
observed. The membranes were sometimes aggregated into coiled structures
(fig. 11,B) .

Phloem cells
Sieve elements of the protophloem in
roots commonly are the first vascular
cells to mature. They appear as clear
cells having little stainable content and
therefore they stand out sharply from
associated cells having dense protoplasts
(fig. 13,A, B). Each protophloem (or
phloem) pole (six in fig. 13,A) has two
or more sieve elements disposed tangentially (fig. 13,A, B).
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Fig. 10. Electron micrographs of cortical root tip cells. Potassium permanganate fixation. A.
Intercellular spaces (i) are almost filled with electron-dense material. B. Tannin vacuoles. At
arrow, tangential section of a tannin vacuole. Details: arrow, tannin; d, dictyosome; er, endoplasmic reticulum : i, intercellular space; m, mitochondrion ; n, nucleus; pl, plastid; v, vacuole;
w, cell wall.

HILGARDfA • Vol. 37,1\;0. ,e • Decelnber, 1965

35

Fig. 11. Electron micrographs of cortical root tip cells. Potassium permanganate fixation. A.
Cell with large vacuole containing' tannin. Parietal cytoplasm wi th numerous endoplasmic mem-

branes is sharply delimited because of tannin accumulat ion at periphery of vacuole. B. Crystal
cell with coiled agglomeration of endoplasmic reticulum in parietal cytoplasm. The electrontransmitting sites of raphide crystals (r) arc confined to vacuole (v). Black angular bodies,
probably sections of crystals themselves. Details: d, dictyosome; er, endoplasmic reticulum; i,
intercellular space; ill, mitochondrion ; r, site of raphide crystal; Y, vacuole ; w, cell wall.
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Fig. 12. Electron micrographs of procamhial cells f'rom longitudinal sections of root tip.
Potassium permanganatc fixation. A. Lobed nucleus at n. R. At m extensive mitochondrion with
branched profile-probably a partial section of one having' the shape of an umbo (see also fig. 8).
Details: er, endoplasmic reticulum; TIl, mitochondrion (both letters are in the SaTIIC mitochondrion); n, nucleus; 'v, cell wall.
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Fig. 13. Root tip sections (transverse in A, B, longitudinal in C) from paraffin-embedded
material. A. Central cylinder and part of cortex at level where the first sieve tubes are mature.
There are six phloem poles. B. Enlarged view of one of the phloem poles with sieve tubes at s.
C. Part of cortex with longitudinal series of raphide crystal cells in different stages of development. First indication of development of such cell is indicated by check mark. Details: check
mark, youngest identifiable raphide cell; en, endodermis; r, raphide cell; s, sieve element. (A,
X150; B, Xl,OOO; C, X125.)
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Fig. 14. Differentiating- sieve tube from
longitudinal section of root tip. Paraffin embedding. Seventeen sipyC tubc members, some
mature but mostly immature, are shown, with
the youngest at 1. Cell lOis distinctly
elongated and contains a sl ime body above
the nucleus. Nuclei are disintegrating in cells
13 and 14. Curved body in cell 14 is a slime
body. Cells 15 to 17 are enucleate and their
slime bodies are disaggrcgated. (X1,300.)

Esau : Anatomy and Cytology of Vitis Phloem

The vertical files of protophloem sieve
elements observed in longitudinal sections reveal the successive stages of differentiation of the elements (fig. 14).
The sieve elements are at first quite
short and have dense protoplasts; elongation and increase in vacuolation follow. A slime body may be discerned at
this time (cell 10 in fig. 14). I'J ust before
elongation occurs the protoplast seems
to become especially sensitive to injury,
as is indicated by its frequently unsatisfactory fixation (cells below cell 10 in
fig. 14). Elongation and vacuolation
progress, nuclei disintegrate, and slime
bodies disperse. The sieve element assumes the characteristic clear aspect
(cell 15 and those above it in fig. 14).
The clearness of sieve element protoplasts is also evident in electron microscope preparations (s in fig. ] 5,A, and
fig. 16,B). The cells contain a thin parietal layer of cytoplasm with some organelles. No tonoplast is discernible.
According to other studies on phloem
(Esau and Cheadle, 1965), the space
formerly occupied by the vacuole contains mietoplasm (Engleman, 1965), a
derivative of the vacuole and the protoplasmic material that is released after
breakdown of the tonoplast. With the
fixations used in the present studv, the
mictoplasm contains some electron-dense
material in the form of a thin irregular
network or as discontinuous flocculent
aggregations.
The cells associated with the sieve
elements have rich complements of
organelles and membrane systems and
a relatively dense hyaloplasm (fig.
15,A). Some of these cells contain tannins, others have tannin-free vacuoles,
and their nuclei may be lobed (figs.
15,A, and 17,C, at n in both). The dietyosomcs are associated with numerous
vesicles. The accumulations of endoplasmic membranes are particularly remarkable (fig. 17,A) and these occur
not only in elongated cells of the vascular region but also in shorter, probably pericyclic cells (fig. 17,C). Thus,
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cells with such accumulations mayor
may not be differentiating sieve elements. The youngest sieve elements recognized are exemplified by the cell in
median position in figure 16,A (see also
left side of fig. 15,B). The sieve element depicted has a nucleus, plastids,
mitochondria, and few dictyosomes. The
endoplasmic reticulum is sparse and
partly broken down into vesicles (ve).
The nuclear envelope also shows indications of a separation into vesicles. In
later stages, vesicles are the dominant
form of endoplasmic reticulum (fig.
16,B), although sometimes concentric
aggregations of double membranes are
encountered in enucleate cells (figs.
]7,B, and 24,E). These aggregations are
distinct from the slime, which is fibrous
in appearance (fig. 21,C). Plastids and
mitochondria are maintained (fig.
16,B). The material proved inadequate
for study of developmental changes of
these organelles. Available sections
indicated no obvious differences between
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the mitochondria of sieve elements and
those of the contiguous cells.
As mentioned in "Materials and
Methods," all sieve areas observed contained electron-opaque material in their
pores, probably largely slime. In view
of the controversy regarding interpretation of pore contents in sieve areas
(Esau and Cheadle, 1965), the dense
material in the pores is here referred to
as protoplasmic pore contents or protoplasmic strands. Slime is of protoplasmic origin, and therefore the word "protoplasmic" does not exclude slime.
The strands in the sieve plates of
protophloem are somewhat thicker than
plasmodesmata (figs. 17,B, and 18,B)
and are associated with callose (fig.
18,A). They are quite distinct in cells
that still have nuclei (one is visible in
cell s in fig. 15,B). At the end of the
functioning period of the sieve element
definitive callose is deposited. It may
show fine, presumably protoplasmic
strands (fig. 18,C).

SECONDARY PHLOEM IN THE STEM
Contents of sieve elements
The protoplast of Vitis sieve element,
as seen with the light microscope, has
heen studied in considerable detail previously (Currier, Esau, and Cheadle,
1955; Esau, 1948a). In view of the sustained controversy regarding the nature
of the sieve element protoplast in general and of one of its components, slime,
in particular (see "Discussion") the behavior of this substance in Vitis was reexamined.
In differentiating sieve elements of
V itis the slime forms discrete bodies
variable in shape and size. In constitution the bodies are frequently amorphous in killed material (fig. 19,G) but
may show a regular pattern in arrangement of component elements (fig. 19,H).
The dispersal of the bodies coincides
with nuclear breakdown (fig. 19,1).
After the slime bodies are disintegrated

the protoplast assumes various forms in
killed material. Commonly, the sieve
plates bear accumulations of slime
(slime plug) that fill the pores (fig.
20,E; see also Esau, 1948a). Within the
lumen of the cell the protoplast is contracted but is firmly attached to one or
both sieve plates. Such attachment is
particularly conspicuous in the short
sieve elements that traverse the rays
(fig. 20,A). The inner part of the protoplast may appear stringy, with more or
less distinct strands merging with the
pore contents of the sieve plates (fig.
20,B-D), or it may compose one continuous mass (fig. 20,E) .
Because the protoplast is contracted
in all these views they cannot be relied
on for the interpretation of the normal
uninjured condition of the sieve element
contents. In studies on plasmolysis in
Vitis phloem (Currier, Esau, and
Cheadle, 1955) the presence of strands,
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Fig. 15. Electron micrographs of phloem region in root tips in transverse (A) and longitudinal
(B) sections. Potassium permanganate fixation. A. Phloem pole from second mm from apex.
Cell between two mature sieve elements (s) contains tannin vacuoles. Cell with lobed nucleus (n)
has a rich complement of endoplasmic reticulum. Cells with large vacuoles at v. B. Phloem pole
from third mm from apex. Mature sieve tube with sieve plate at pt. The larger organelles are
plastids, tho smaller are mitochondria. Immature sieve elernent (s) with nucleus (n ) to the left.
Details: n, nucleus; pt, sieve plate; s, sieve clement; tv, tannin vacuole; v, vacuole; w, cell wall.

HILGARDTA • Vol. 37, No.2· December, 1965

41

Fig. 16. Electron micrographs of phloem from longitudinal sections of root tips. Potassium
permanganate fixation. A. Immature sieve element f'rom third mm from apex (see fig. ]5, B).
Nuclear envelope is discontinuous-possibly in early stage of disintegration into vesicles.
B. Enucleate sieve element from second mm f'rom apex. Endoplasmic reticulum and probably
the nuclear envelope also have disintegrated into vesicles. Details: <1, d ictyosome ; m, m itochondrion; 11, nucleus; pI, plastid ; pt, sieve plate; ve, vesicles; w, cell wall.

Fig. 17. Electron micrographs of phloem region from root tip in longitudinal sections. Potassium permanguna te fixation. A. Part of immature sieve clement from third mm from apex and
adjacent procambial cell with dense accumulations of endoplasmic membranes. These membranes
are partly vesiculated in the sieve element. B. Parts of mature sieve elements with sieve plate
(pt) between them f'rom first mm from apex. The coiled aggregation consists of double membranes (see also fig. 24, E). C. Cell f'rom phloem pole, possibly pericyclic, from third mm from
apex. Conspicuous accumulation of endoplasmic membranes and. a lobed nucleus. Details: d,
dictyosome ; er, endoplasmic ret iculum ; er~, probably endoplasmic reticulum; n, nucleus; pI,
plastid ; pt, sieve plate; w, cell wall.
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Fig-. 18. Electron micrographs of sieve plates f'rorn root tip in transverse (A) and longitudinal
(B, C) sections. Potassium perrnanganate fixation. A. Part of sieve plate (pt) in face view.
Electron-dense material in pores surrounded by callose (wh i te ) . B. Sectional view of plate.
Callose (ca) covers plate on both surfaces and encloses strands. C. Sieve plate embedded in
definitive callose traversed by thin strands of probably protoplasmic mater-ial. Sieve plate itself
is not discernible. Details: ca, callose; pt, sieve plate; w, cell wall.
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Fig. 19. Cytokinesis and protoplasts of sieve elements and companion cells in longitudinal
sections of secondary phloem. Chromo-acetic-f'ormalin fixation and mounting in Karo syrup.
Collected May 30, 1945; photographed October 30, 1964. A. Phragmoplast and cell plate in
parenchyma cell. B. Part of sieve-element mother cell in process of forming a companion cell.
Nucleus (cut on bias) in mitosis. Phragmosome outlines the future companion cell. C, D. Com-
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Fig. 20. Sieve element protoplasts in longitudinal sections of secondary phloem. Chrome-aceticformalin fixation and mounting in Karo syrup. Collected, A, E, May 30, 1945; B-D, September
18, 1946. All photographed October 30, 1964. A. Commissural sieve elements crossing a ray.
Their protoplasts are stringy (st) and continuous from cell to cell across the sieve plate (pt).
B-D. Stringy contracted protoplasts attached to sieve plates. E. Slime plug showing differentiation between parietal cytoplasm and enclosed slime-part of the mictoplasm, Dense slime in
sieve plate pores. (All, X840). Details: ct, cytoplasm; pt, sieve plate; sl, slimc; st, stringy
protoplast.

panion cells with slime bodies (sl). E. Companion cell with ahnost entirely dispersed slime body
(sl). F. Mature companion cell with plastid-like organelles (or). G, H. Sieve elements with two
forms of slime bodies, one dense (G), the other loose and fibrous (H). 1. Sieve element with
disorganizing nucleus (n) and disaggregating slime (sl). (A-G, Xl,400; H, X840; I, X560.)
Details: cp, cell plate; mt, nucleus in mitosis; n, nucleus; or, unidentified organclles; ph, phragmoplast; phs, phragmosome; sl, slime or slime body; w, wall between companion cell and sieve
element.
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Fig. 21. Electron in icrographs from secondary phloem (A, B) and root tip (C). A. Tangential
longitudinal section including- sieve element (s ) and compan ion cell (cc) from dormant cane
collected December 12, 1960. Potassium perrnanganate fixation. Slime aggregation (sl) is
fihrous in appearance. Starch grains at g. The wall between companion cell and sieve element
with four pit-fields penetrated by plasmodesmata (see only in part). Numerous mitochondrion
and nucleus in companion cell. B. Slime in sieve element f'rom dormant cane. Osmium fixation.
C. Slime in sieve element from root tip after fixation with potassium permanganate. Details:
arrows, possibly fat hodies ; cc, companion cell; g, starch grain; TIl, m it ochon drion ; n, nucleus;
s, sieve oloment ; sl, slime; 1, 2, 3, 4 are primary pit-fields.
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including longitudinally-oriented ones,
was found to be an indication of change
leading to loss of plasmolyzability.
Among the several components encountered in the sieve elements of V itis
by means of the electron microscope,
only one could be correlated with views
of slime under the light microscope,
As shown in the earlier study (Esau,
1948a.), dormant sieve elements frequently contain dense aggregations of
slime that 111ay be continuous through
occasional pores left unoceluded by
dormanr-y callose (plate 20, D, in Esau,
1948a). Dense aggregations of slime
were observed in dormant material collected for electron microscopy. Permanganate fixation indicated a faintly
fibrous condition of this slime (fig.
21,A). Osmic acid treatment made the
slime appear coarsely fibrous (fig.
21,B). Continuity of slime through
pores in dormant cells was again observed. The strands appeared more or
leg." fibrous in sections killed in osmic
acid (fig. 22,C and E). Sorne dormant
sieve elements revealed a fine net of
fibrils after treatment with formalin
and KMn0 4 (fig. 22,D).
'I'wo formations encountered in Vitis
sieve elements under the electron microscope have not been properly identified.
One of these, found before and during
dormancy, consisted of dense aggregations of pa rallel-oriented membranes
(fig. 22, A and B). Small circular profiles occurring near the margins of these
aggregations (fig. 22,A) suggested that
the membranes may pertain to the endoplasmic reticulum, tubular in form.
Mehta and Spanner (1962) depicted
similar material in sieve elements of
.V
. ymphoidrs peltatuni and interpreted
it as endoplasmic reticulum.
The second unidentified element was
seen in newly differentiated sieve elements. It appeared to be composed of
single-layered membranes concentrically coiled in a manner suggesting the
so-called myelin figures (fig. 25,C). The
origin of this formation is obscure, hut
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its resemblance to the suspected coiled
endoplasmic membranes in sieve elements of the root tip (fig. 24,E) suggests the possibility that it is derived
from such membranes.
Sieve elements of Vitis contain plastids with starch (fig. 23,A) showing the
familiar red coloration when treated
with iodine. One or more granules occur
in one plastid and they may occupy'
most or only part of a plastid (figs. 23
and 35,B). The plastids have double
outer membranes and small, sparse
inner membranes not assembled into
grana (fig. 23,A-C). The starch grains
are often only slightly electron opaque
(fig. 23, A and C). When they appear
darker, a concentric layering of the
starch is revealed (fig. 35,B) . No starch
was encountered in the plastids in root
tip phloem (fig. 24,E).

Companion cells
In the cytokinesis leading to the delimitation of a companion cell, a phragmosome in the sense of Sinnott and
Bloch (1941) -that is, a cytoplasmic
diaphragm-precedes the division of
nucleus and the formation of cell plate
(fig. 19,B). The phragmosome is clearly
distinguishable from a cell plate in that
its profile is not a sharp and rather
straight line, as is that of the cell plate
(fig. 19,A). The phragmosome indicates
the shape of the future companion cell,
elongated and tapering at the ends
(compare fig. 19,B, with fig. 3).
As reported previously (Esau, 19-17,
1948a), a companion cell in vu» develops a single slime body resembling
those in sieve elements (fig. 19,C and
D). The slime body later disperses (fig.
] 9,E). As the tonoplast of the companion cell does not break down, the slime
apparently remains incorporated in the
cytoplasm, which assumes a denser appearance than it had before the slime
body disintegrated.
Small plastid-like bodies become evident in the maturing protoplast (fig.
19,E and F at or). The bodies are num-
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Fig-. 22. Electron micrographs of details of sieve element protoplasts from longitu<1inal
sections of canes. A. Collected October 20, ] 96.1. Potassium permanganate fixation. Grains of
starch at g and possibly endoplasmic membranes at er i. B. Collected February 9, 1962, induced
reactivation during 2 weeks in greenhouse, and sampled February 23, when cane developed shoots
less than 1 inch long. Potassium permanganate fixation. Starch grain at g and possibly tubular
endoplasmic membranes at ert C. Pore with slime during dormancy. Collected December 20,
1960. Osmic acid fixation. D. Mictoplasm of dormant sieve element. Collected January 25, 1962.
Formalin and potassium permanganate fixation. E. Slime in pore during dormancy. Collected
December 20, 1960. Fixation as in C, except that it was done on ice. Details: ca, callose; g, starch
grain; er ~, prohably endoplasmic reticulum; w, cell wall.
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Fig. 23. Electron micrographs of plastids in sieve clements. Fixations: A, C, D, potassium
permanganate; B, osmic acid. Plastids contain one or more starch grains (g). Inner membranes are sparse and vesicular if present (A, B). Evidence of doubleness of outer membrane
in B. Concentric layering in starch grains is faintly indicated in A and B. Details: arrow, double
outer membrane; g, starch grain; er, endoplasmic reticulum.
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erous and discrete in newly differentiated companion cells (fig. 19,F) but are
replaced by fewer and larger entities resembling "deeply staining flakes"
(Esau, 1948a, p. 244) in dormant state.
Osmic acid fixation reveals blackstained globules comparable to the plastid-like bodies in size (fig. 24,B). It is
not certain, however, whether the two
kinds of bodies are identical.
Previously the suggestion was made
that the plastid-like bodies are "left"
after the slime is dispersed (Esau,
I 948a, p. 241) -an idea that needs further examination. Companion cells with
slime bodies were not encountered in
electron-microscope material, and the
organelles comparable in shape and size
to the plastid-like bodies seen in that
Ina terial had a structure not previously
described for inclusions in plant cells.
As seen after permanganate fixation,
the bodies contained concentric lamellations surrounded by a membrane associated with vesicles in orderly arrangement (figs. 2-1,D, and 25,A and B) . Some
were intricately partitioned. Fixation
was not sufficiently critical to determine
whether any of the membranes were
double. The lamellated organelles are
considerably larger than mitochondria
(fig. 25,B); they possibly are plastids
modified by some growth conditions or
by some part of the processing during
preparation for electron microscopy. It
seems doubtful that these organelles are
related to the concentric aggregations of
apparently endoplasmic membranes
(fig. 24,E) or the "myelinated" structures (fig. 25,C) observed in sieve elements,
The organelles in the companion cells
resemble the lamellated inclusions in
fibroblasts of otocysts from fowl embryos cultured in vitro and exposed to
the effect of Dimycin (Friedman and
Bird, 1960). The authors found evidence that the inclusions were mitochondria changed degeneratively under the influence of Dimycin. One might
also compare the organelles in the com-
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panion cells with the myelinated fibers
of the sciatic nerve of frog depicted by
Robertson (1960).
The lamellated organelles of companion cells were found in newly differentiated phloem in a young shoot that
developed on a cane reactivated in a
greenhouse (see "Materials and Methods"). In dormant phloem treated with
KMn0 4 numerous mitochondria and
some small bodies with dark contours
and light centers were present (fig.
21,A, unlabeled arrows), but no plastids
were observed. The darkly contoured
bodies could conceivably be the so-called
fat bodies (Manton, ]962), which are
incompletely fixed in KMnO-t. If this
suggestion is correct, the black globules
in figure 24,B, may be identical with
these fat bodies although there appears
to be a discrepancy in size.
Some companion cells had moderate
amounts of endoplasmic reticulum (fig.
21,A) ; others contained dense accumulations (fig. 26, A:-C) resembling those
previously described for cells associated
with sieve elements in the root tip. These
membranes appeared mostly as ribbons
(fig. 26,C), but they were interpreted
as endoplasmic membranes because in
some views double-layered profiles were
recognized (fig. 26,B). They appear to
be tubular membranes. In one collection
large accumulations resembling myelin
figures were present (fig. 26,D). According to Friedman and Bird (1960),
in the in vitro cultures of fowl embryo
otocyst not only mitochondria degenerated but endoplasmic membranes also
underwent swelling and "morphological
alterations." The material in figure 26,
D, could have resulted from modifleations, including swelling, of aggregations of tubular endoplasmic membranes. Menke (1959) observed myelin
figures in occasional shoot apices of
Elodea. He was unable to identify these
figures with any specific organelles or
membrane systems but suggested that
they indicate some degenerative change,
perhaps related to growth inhibition.

~~~~:: ..<'~:.~:

Fig. 24. Photographs from monitor slides (A, R) and electron mierographs (C-E). A-D,
companion cells from longitudinal sections of secondary phloem; E, sieve element f'rom root
tip. Fixations: A, chrome-acetic-formalin followed by staining with OS04; B, osmium ; C-E,
potassium permanganatc. A. Deeply pitted wall (w) is between companion cell and sieve element.
(X1,400). B. Osmiophilic granules and pitted walls. Sieve element was to the right. (X1,800.)
C. Pit areas are provided with plasmodesmata connecting sieve element and companion cell
protoplasts. D. Cell from young- phloem. Coiled material ("nlyelin figures") apparently within
plastids. (See also fig. 25.) E. Plastids and double coiled membranes, possibly endoplasmic. (See
also fig. 17, B.) Details: er~, probably endoplasmic reticulum; m, mitochondrion; n, nucleus; pi,
pit-field with plasmodesmata.

52

Esau: Anatomy and Cytology of Vitis Phloem

Fig. 25. Electron micrographs of companion cells (A, B) and sieve element (C) from longitudinal sections of young secondary phloem. Potassium permanganate fixation. A, B. Coiled
material and vesicles possibly within plastids. (See also fig. 24, D.) Intact mitochondria in B.
C. Coiled material and starch grains (g) in sieve element. Details: g, starch grain; m, mitochondrion; w, cell wall.
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Fig. 26. Electron micrographs of contents in companion cells from longitudinal sections of
secondary phloem. Potassium permanganate fixation. A-C. Aggregations possibly composed of
endoplasmic membranes. Tlu1Y appear double at arrows in B. At check marks in B, possibly
sections of membranes. D. Material in companion cell from dormant cane resembles that in
companion cells in figures 24 and 25. Details: arrows, double membranes ; check marks, circular
profiles; er~, probably endoplasmic reticulum; w, cell wall.
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Fig. 27. Electron micrographs of sieve areas seen in surface views, from longitudinal sections
of secondary phloem collected October 20, 1961. Potassium pennanganate fixation. A. Part of
sieve area from sieve plate in end wall, as seen in radial section. Pores filled with electron-dense
material surrounded by callose (ca). B. Sieve areas in radial longitudinal wall. Pore contents
and callose as in A but of smaller dimensions. Details : ca, callose; 'v, cellulosic part of cell wall.
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Authors are commonly reluctant to suggest fixation artifacts. According to I to
(1962), myelin figures may arise as a
result of post-mortem changes of cytoplasmic membranes (example, plasmalemma in bat kidney tubule), but in
general cellular membranes are more
resistant to such changes than is commonly supposed. He thinks that artifacts of specimen fixation are sometimes
interpreted as indications 0 f postmortem autolysis. Some of the myelinated formations in Vitis may be Rl1Ch
artifacts but, conceivably, information
about the factors inducing their formation may increase our understanding of
the normal structures.
The wall between the companion cell
and the sieve element is deeply pitted
(primary pit-fields, figs. 19,F, and 24,A
and B). The pit membranes are traversed by plasmodesmata (figs. 21,A, and
24,C). Indication of branching of plasmodesmata on the companion cell side
(Esau and Cheadle, 1965) was noted in
Vitis phloem.

Sieve plates and lateral sieve areas
The characteristic inclination and
compounding of sieve plates of V1~tis
are seen in figure 3 at pt. In size of pores
the sieve areas of the sieve plates (fig.
27,A) intergrade with sieve areas on the
side walls (fig. 27,B). In all material
processed for this study the pores in
active phloem were filled with elcctrondense material, probably slime. Furthermore this material projected, in the
form of radially-oriented fine strands,
into the callose lining the pores (fig.
27).
Views of developmental stages of
sieye areas reveal features similar to
those described for Cucurbiia (Esau
and Cheadle, 1965). Each pore site
bears t\VO callose platelets opposing one
another on the two sides of the wall (fig.
28,B). Surface views of sieve plates in
this stage of development show that
each pore site has one plasmodesma (fig.
28,A.). This observation agrees with the
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previous interpretation, made by use of
the light microscope, that in Vitis the
number of plasmodesmata in the primary pit-fields of cambial walls corresponds to the number of connecting
strands in the sieve areas of a sieve plate
(Esau, 1948a, p. 234). Partial longitudinal sections of plasmodesmata in
young sieve areas are discernible in
figures 28, B, D, and E. The dark cvtoplasmic material on the pore sites in
figure 27 does not reveal the relation of
endoplasmic reticulum to pore sites observed in Cucurbiia (Esau and Cheadle,
1965) .

Dormancy callose occurs on sieve
areas of various degrees of differentiation (fig. 29) but is particularly massive
on the sieve plates (figs. 29,A, and
30,A) . It usually covers not only the individual sieve areas but also the thickened bars of wall intervening between
contiguous sieve areas (fig. 29,A and
C). In sieve areas connecting the sieve
elements with parenchyma cells, dormuncy callose was observed only on the
side of the sieve element (fig. 31 ,A; compare with plate 1, C and D, in Esau,
] 948a).
Light-microscope studies gayc uncertain results regarding presence or absence of protoplasmic strands in dormancy callose (Esau, 1948a, p. 243).
Use of techniques for demonstrating
plasmodesmata suggested that thin
strands may be present, and electron
microscope views support this aSS111nption (fig. 30,A). The strands in the
lateral sieve areas may be associated
with median nodules (fig. 29, C and D) .
The removal of callose during reactivation of sieve elements as seen with
the light microscope suggests a dissolution process in which slime is involved.
First, canals filled with slime appear in
the callose (Esau, 1948a, plate 20,A),
then this carbohydrate is removed from
the entire surface of the plate. Ultrastructural views give a similar impression. Callose pads in the process of being
removed show cavities filled with elec-
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Fig. 28. Electron micrographs of immature sieve areas with closed pore sites from longitudinal
sections of secondary phloem collected July 18, 1961. Potassium permanganate fixation. A Radial
section exposing callose platelets (ca) at pore sites in face view. One plasmodesma in each pore
site (arrows). B. Oblique radial section exposing platelets in sectional view. Part of a plaS1110desma at arrow, C-E. Tangential sections showing' distrihution of pore sites (rrumbered ) with
paired callose platelets. Parts of plasmodesmata at arrows. Deta.ils : arrows, plasmodesmata ;
ca, callose; numbers, pore sites.
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Fig. 29. Electron micrographs (A, C, D) and photograph from a monitor slide (B) illustrating
massive callose (ca ) seen in sections of sieve areas. Potassium permanganate fixation. A.
Dormancy callose occluding pores (numbered 1-4) and enclosing thinner and thicker wall parts
of the sieve area of a sieve plate. Pores 2-4 constitute one sieve area. B. Dormancy callose is
layered. (X1,400.) C. Sieve areas with dormancy callose from a side wall (not a sieve plate;
a lateral sieve area). Protoplasmic material in the form of a strand (check mark ) traversing
one pore. D. Lateral sieve area with considerable amount of protoplasmic material-e-strands
and median nodules-present in the callose. Details: ca, callose; g, granule of starch enclosed
in plastid; po, pore in sieve area; w, wall of sieve plate, cellulosic part; check mark, protoplasmic
strand; numbers, pores in sieve area.
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Fig. 30. Electron micrographs of parts of sieve plates from tangential sections of secondary
phloem. Potassium permanganate fixation. A. Dormancy callose with fine protoplasmic strands
from a cane collected November 28, 1960. B. Dormancy callose in process of dissolution. From
a cane collected February 9, 1960, placed in a greenhouse for 2 weeks to induce reactivation,
and fixed February 23, 1960. Electron-dense protoplasmic material in pores within callose is
largely slime. Arrow points to lighter-appearing callose, probably affected by enzyme action.
Details: ca, callose; po, pore; w, wall of sieve plate, cellulosic part.
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tron-dense material, probably slime. below these are the callose cones of the
Significantly, the callose in immediate opposite side of the wall, appearing narcontact with the slime (unlabeled arrow rower near the median nodules and
in fig. 30,B) appears to have a different wider in the downward direction.
consistency than the still unaffected
The minor sieve areas show still
callose. An enzyme action is indicated another feature not present in the more
by such views.
highly differentiated areas. Some callose
The canals are formed in the callose cones contain more than one strand (fig.
pads in line with the pores in the cellu- 32,A and D). This configuration results
losic part of the wall. Whether the fine when two strands occur close together.
protoplasmic strands remaining in the I t is possible to recognize callose cones
callose during dormancy (fig. 30,A) and their strands in, various degrees of
play any role in initiating or directing approximation to one another (1-5 in
the process of dissolution of callose is fig. 31,C). The strands may be completely apart, each with its pair of calnot known.
In addition to the sieve areas just lose cones (fig. 32,E), or they may occur
described-structures that were simi- so close to one another that the callose
larly interpreted at both the light- and embeds two strands jointly (fig. 32,D).
In the 1948 study of Vitis phloem the
electron-microscope levels-sieve areas
with distinctive ul trastructure were assumption was made that sieve areas
recognized. These are minor, or least of the sieve plates and those of the side
differentiated, lateral sieve areas be- walls differ only quantitatively and that
tween contiguous sieve elements. One the two kinds of structnres intergrade
such sieve area is shown in figure 31,C. (Esau, 1948a, p. 234). The sieve areas
Its strands, surrounded by callose (ca), of the sieve plates were designated sieve
hardly surpass in width the plas- areas A, those of the side walls sieve
modesmata in the primary pit-fields of areas B. The present study indicates
parenchyma cells as depicted in figure that minor lateral sieve areas with dis31,B. As far as could be ascertained, the continuous callose and prominent mecallose of the minor sieve areas is not dian nodules are also present.
continuous through the wall but apParenchyma cells and fibers
pears as two conical masses tapering
towaI'd the middle lamella region (fig.
Axial parenchyma cells occur as par32,B). Moreover, a distinctive kind of enchyma strands, Both axial and ray
median nodule was observed in the parenchyma cells store starch or contain
preparations used: a more or less spher- tannins (figs. 3, 33, and 34,B). Someical structure lined with electron-dense times starch and tannins occur in the
material (fig. 32,C). The two features same cells, starch in plastids in the cvtojust described are seen in figures 31,C, plasm, tannin in the vacuole. Starch
and 32,A, both of which depict sections grains develop one to several in one plaspassing obliquely through tho wall and tid and are usually quite light in elecrevealing the same sieve areas at differ- tron micrographs (fig. 35,A) ; sometimes
ent depths within the wall. In figure they disappear during preparation of
31,0, the section passes part way material for study and leave spaces in
through the wall and demonstrates the the sections (fig. 33, A and B). The
diminution of diameters of the callose starch grains of parenchyma cells are
cones in the downward direction; open clearly differentiated from the concenmedian nodules (mn) are seen below. In trically lamellated starch grains in the
figure 32,A, the callose cones diminish in sieve elements (fig. 35,B).
size toward the median part of the figure
Axial and ray cells are pitted (fig. 33,
where median nodules (mn) occur, and A and B). In the ray cells a thickening

Fig. 31. Electron micrographs of lateral sieve areas (A, B) and a primary pit-field (B).
Potassium permanganate fixation. A. Longitudinal section passing through a sieve element (8)
and a parenchyma cell (pa) . Wall (w) between the two cells has dormancy callose (ca) on the
side of the sieve .element. B. Primary pit-field with plasmodesmata in parenchyma cell seen in
face view in a radial wall. C. Lateral sieve area seen in face view in a radial wall. Tissue not
dormant. Collected July 18, 1961. Sieve area forms a lateral connection between two sieve
elements. From the upper right to the lower left the section passed at increasingly greater depth
through the wall and is at middle lamella level at left. Here, the protoplasmic material (black)
occurs in the form of median nodule (see fig. 32). One or two strands are encased in one callose
(ca) cylinder. Numbers 1-5 indicate pairs of strands with various degrees of confluence of their
callose jackets. Details: arrows, protoplasmic strands 'within common callose mass; ca, callose;
mn, median nodule; pa, parenchyma cell; s, sieve element; w, cellulosic part of cell wall; 1-5,
pore sites of different degrees of approximation to one another.
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occurs on the pit membrane (fig. 33,D,
unlabeled arrow) and the small intercellular spaces show a centrally located
structure (fig. 33,D, at i), which has not
been identified. The walls of parenchyma cells are here interpreted as primary. In some preparations they show a
degree of heterogeneity, and tanniniferous cells have a lighter-staining wall
than do those free of tannin (fig. 33,C) .
Many tannin-free parenchyma cells
contain abundant endoplasmic reticulum (fig. 34,A) as well as mitochondria. Tannins appear as irregular somewhat ramified masses spread through
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the vacuole (fig. 33,E). Tannin cells
have a thin layer of parietal cytoplasm
connected by plasmodesmata with the
protoplasts of contiguous cells (fig.
34,B).
The fibers, frequently septate, store
starch and have moderately thick secondary walls. According to light-microscope studies the pits were interpreted
as bordered (Esau, 1948a., p. 230). An
indication of a border is seen in the electron micrograph in figure 36,A. As the
fibers are living cells, plasmodesmata occur in the thin pit membranes (fig.
36,B) of the deeply-recessed pits.

DISCUSSION
The phloem of the thirty-one species
of Vitis (including V. vinifera) examined in this study shows uniformity
of structure extending even to such features as types of crystals and their distribution, occlusion of nonconducting
sieve elements by tylosoids, and the
tendency of a given phloem increment
to function in conduction for more than
one season.
The deep-seated origin of the first
periderm was found to be characteristic
of thirty species. In the thirty-first, V.
rotundiiolia, the first periderm arose
close to the surface and was still in the
same position in several year-old
branches: that is, such branches still had
then living (but nonconducting) primary phloem tissue and most of the
cortex. In other species these two tissue
regions were not present in branches in
the second year of growth (canes) because the phellogen arose in the primary
phloem. Moreover, in older branches the
first periderm was replaced by periderms of still deeper origin. This developmental pattern is responsible for the
rough, shredding appearance of the
bark in Vitis (ringbark) other than V.
rotu·ndifolia. The latter species has a
smooth nonshredding bark (Bailey and
Bailey, 1949) because only a relatively
small amount of tissue (cork) is

sloughed off as the stem grows older.
V itis continues to be the genus best
investigated with regard to the phenomenon of reactivation of phloem (see
reviews on longevity of sieve elements
in Esau, 1948a, pp. 218-219, and Evert,
1963). The course of development of the
massive dormancy callose and the removal of this callose in the spring has
been studied in detail with the light
microscope; some information about the
phenomena is available at the ultrastructural level. Both approaches indicate that slime is involved in the removal of callose.
Because the nature and normal state
of slime in the sieve element are subjects
of much research and discussion, it will
be useful to review the behavior of the
substance during the reactivation of
phloem and, incidentally, to recall the
earliest observation on the phenomenon
by Wilhelm (1880).
Dormancy callose does not readily reveal any protoplasmic strands when examined with the light microscope. Fine
strands may be seen occasionally after
treatment of sections with stains used
for demonstrating plasmodesmata, but
the slime, which can be differentially
stained in Vitis, is usually completely
detached from sieve plates that are
covered with dormancy callose (Esau,
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Fig. 32. Electron microg-raphs of lateral sieve areas from nondormant secondary phloem col.
lected July 18, 1961. 'I'hey illustrate lateral connections between sieve elements. Potassium
permanganate fixation. A. Sieve areas seen in face view. From above downwards, section passed
from one wall surface through the middle lamella region (median nodule, mn, region) to the
other wall surface. B, C. Oblique sections through pore sites including one of a pair of conical
blocks of callose. In B, protoplasmic strand within callose. D. Double pore site comparable to
the one within two arrows in A. E. Pair of pore sites comparable to number 2 in figure 31, C.
D and E probably not median sections of nodules. Details: ca, callose; mn, median nodule;
arrows, protoplasmic strands.
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Fig. 33. Photographs from monitor slides (A-D) and electron micrograph (E) illustrating
ray and parenchyma cells from dormant secondary phloem. Potassium permanga nate fixation.
A. Tangential section including axial parenchyma (pa) above and ray cells below, Both types
of cells contain starch. B-D. Enlarged views of ray cells, some containing starch (B) others
tannin (C). Prominent simple pits (pi) with thickening on the pit membrane (unlabeled arrow
in D) . In the tanniniferous cell in C the secondary wall is rather thick and lightly stained.
Unidentified dark structure in intercellular space (at i in D). E. Tannin in a vacuole of a parenchyma cell. (...-\.., X780; B, C, Xl,400; D, Xl,800.) Details: unlabeled arrow, thickening on pit
membrane ; cr, crystals; g, starch granule; i, intercellular space; pa, parenchyma cell ; pi, pit; ta,
tannin; w, cell wall,
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Fig. 34. Electron micrographs of axial parenchyma cells from dormant secondary phloem.
Potassium pennanganate fixation. A. Endoplasmic reticulum (er) is abundant and plasmodesmata
are present in the wall (w), B. Lower cell has thin layer of parietal cytoplasm (cy) and a tanninfilled vacuole. Plasmodesmata connect this cell with one containing no tannin. Details: cy,
parietal cytoplasm ; er, endoplasmic reticulum ; pi, pit; w, cell wall.
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Fig. 35. Electron micrographs of cells f'rom secondary phloem. Potassium pcrmanganatc
fixation. A. Axial parenchyma cell with plastids containing one or morc starch grains (g). B.
Plastids with starch grains from a sieve element. Details: g, starch granule; n, nucleus; ta,
tannin; w, cr-ll wall.
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Fig. 36. Electron micrographs of parts of fibers illustrating secondary walls with pits and
plasmodesmata. A. Barium permanganate fixation. B. Potassium permangana.te fixation; protoplast withdrawn from cell wall. Details: pi, pit; w2, secondary wall.
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1948a) . In exceptional sieve pla tes some
pores are incompletely occluded and
slime is clearly continuous from cell to
cell through such pores (Esau, 1948a,
pl. 20,D). Incidentally, Tilia regularly
shows partly-open pores in dormant
sieveelements (Evert and Derr, 1964a).
In dormancy callose of Vitis, electron
microscopy discloses fine strands, mostly
appearing discontinuous in sections
(figs. 29, C, I), and 30, A), and also occasional thick strands presumably cornposed largely of slime (fig. 22, C and
E). Repton and Preston (1960) report
having recognized continuous strands in
the callose of dormant sieve elements of
Vitis, but their samples were taken from
rooted cuttings in which cambial activity was resumed. One may question
whether Repton and Preston (1960)
were dealing with unaltered dormancy
callose, because when cambium is active
phloem reactivation is under wav
(Esau, 1948a).
Dormancy callose frequently shows
layering in both light- and electron-mieroscope views (figs. 29,B, and 30,A).
In some preparations for electron microscopy considerable damage to tissue
occurred during methacrylate polymerization. In such material cellulose walls
and callose both were separated into
layers. Layering of dorrnancv callose of
Vitis was recorded in my previous study
(Esau, 1948a) and was recognized also
by Kessler (1958) and Wilhehn (1880,
figs. 80 and 85). In the California material of Vilis, dormancy callose was
found to be thicker than the definitive
callose (callose appearing before complete cessation of sieve element activity)
and the latter showed no layering
(Esau, 1948a). Because dormancy callosealso 111ay lack conspicuous layering,
IIepton and Preston's (1960) statement
that dormancy callose in V itis shows no
layering is probably based on toolimited observations. Coarse layering of
dormancy callose was seen by Evert and
Derr (1946a) in electron micrographs
of Tilia americana sieve elements.
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The cause of layering in callose is obscure. According to Eschrich (1956),
callose has a completely homogeneous
structure at the ultrastructural level
and is anisotropic (contrary observation by Kuster, 1951). Possibly, the
layering is caused by other substances
deposited with the callose. Paolillo
(1963) suspects presence of protein deposits in the callose of Isoeies phloem,
and Esehrieh (1962) suggests that components of cytoplasm occur at least temporarily, in the callose of pollen mother
cell walls in Cucurbita ficifolia.
During reactivation callose is removed gradually. At first, thin strands
crossing the callose and passing through
the pores in the sieve plate become discernible (Esau, 1948a; Wilhelm, 1880).
Later the strands increase in thickness,
first at the periphery of the callose pads,
then also at greater depth. This phenomenon has been interpreted as a
penetration of callose by slime (Hill,
1908; Esau, 1948a). Views of sieve
plates at this time suggest a dissolution of callose as seen with the light
microscope (Esau, 1948a, pI. 20, A) and
in electron micrographs (fig. 30,B). The
change in the ultrastructural appearance of call ose next to the strands has
heen interpreted as indicating that an
enzyme is involved in the process (Repton and Preston, 1960). Eschrich
(1961) has obtained callose-degrading
enzyme preparations from phloem exudate of Cucurbiia. Whether such enzyme originates in the slime needs to be
investigated.
The present study furnishes a confirmation of the origin of slime in the form
of discrete entities in the cytoplasm of
sieve clements and companion cells of
Viiis. As in Cucurbiia (Esau and
Cheadl e, 1965) the slime bodies in V itis
become dissociated as such at the time of
nuclear degeneration in the sieve elements. The two phenomena are not causally connected, because in the companion cell the slime body disperses in the
presence of an unaltered nucleus. In the
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sieve element, the disappearance of the
tonoplast results in an interpenetration
of cytoplasmic and vacuolar contents so
that the slime comes to lie in the interior
of the cell rather than in the peripheral
cytoplasm. The mixture is the mictoplasm as defined by Engleman (1965).
The conformation of slime in the
enucleate, tonoplast-free cell is variously
interpreted. Eschrich (1963a,b) depicts
the mictoplasm as a net which he calls
lipo-proteid net. Esau and Cheadle
(1965) draw attention to the variable
fixation images of the mictoplasm and
slime in Cucurbiia. The slime frequently has a fibrous appearance
(Engleman, 1963).
Sieve elements may contain a fine or
coarse network or straight strands of
protoplasmic material extending from
plate to plate. Both formations result
presumably from presence of slime in
the mictoplasm. The stringy condition
of sieve element protoplasts is a phenomenon familiar to phloem investigators and has been recognized in the
earliest studies on the tissue (Wilhelm,
1880, figs. 96 and 106). In our plasmolytic studies (Currier, Esan, and Cheadle,
1955) the cells with longitudinallyoriented strands and stringy networks
were identified as injured cells. 1(011mann (1960a) also interprets the
strands as artifacts resulting from injury to the cytoplasm. He points out the
important fact that not infrequently
the strands become visible only after a
treatment with a fixative (a mild fixative, dilute potassium iodide, was used).
However, Evert and Derr (19641J )
think that the strands are normal constituents of sieve element protoplasts,
and Evert and Murmanis (1965) insist
that the fibrillar material, which they
recognized with the electron microscope,
represents components of the strands
seen with the light microscope. Evert
and Derr (19647J) also saw strands in
fresh material but less frequently than
in the killed. Their contention is that
the strands easily break down but are
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preserved by rapid fixation. Thaine
(1964) also advances the idea that the
strands in sieve elements are normal
structures. He shows these strands in
severely contracted protoplasts and in
the phloem exudate of Cucurbita, and
interprets them as transcellular strands
of cytoplasm. Although the Evert and
Derr (1964b) study was carried out with
due appreciation of the difficulties involved in the preservation of sieve elemerit protoplasts, it has not ruled out
the probability that the strands appear
in response to treatment with fixatives
or because of some other injury. The
formation of strands may be as sensitive
a reaction as the formation of callose
(Evert and Dcrr, 1964a). If, however,
the phenomenon was a response to injury, the resulting sudden appearance
of strands extending from one end of
the cell to the other would need an explanation.
The literature on the ultrastructure
of the sieve element protoplast is extensive but it does not allow as yet the
drawing of a complete picture of this
aspect. W e have reviewed the pertinent
articles and pointed out areas of agreement and disagreement among investigators (Esau and Cheadle, ]965). One
of the controversial matters is the condition of mitochondria. In Cucurbita
these organelles show a depauperation
of internal membranes before the sieve
plate is perforated. In other plants they
appear to retain their original structure
in mature sieve elements (ct. Kollmann
and Schumacher, 1964). In V itis the
material used was not suitab1e for drawing definite conclusions.
The other protoplast C0111pOnent receiving divergent interpretations is the
endoplasmic reticulum. We have previously emphasized that in permanganatefixed matcrial this membrane system appears dissociated into vesicles when the
sieve clement is well differentiated
(Esau and Cheadle, 1965). Kollmann
and Schumacher (1964) suggest that
the vesiculation is induced by fixation,
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although the response as such may be
taken as an indication of an altered
physiologic state of the cell. Vesiculation of endoplasmic membranes was
observed in sieve elements of Vitis root
tips. As a result these elements sharply
contrasted with the surrounding nucleate cells, many of which had particularly strong development of endoplasmic reticulum. Some mature sieve elements had concentric aggregations of
double membranes resembling those
found in raphide crystal cells.
No developmental stages of sieve elements were obtained in the secondary
phloem, but in some mature elements
dense accumulations of linear entities
'resembling endoplasmic membranes
were found. Similar accumulations
occurred in companion cells. One might
compare these accumulations with the
massive aggregations of endoplasmic
membranes depicted by Kollmann and
Schumacher (1964) for Metasequoia
sieve cells which occurred in a tissue
killed in situ. The authors suggest that
these accumulations might be the slime
bodies observed by other authors. Tubular structure was not recognized in the

material identified as slime in Cucurbita
(Esau and Cheadle, 1965) and Vilis,
but we used different methods of fixation than did Kollmann and Sclmmacher.
'I'he sieve element plastids of Vitis,
which belong to the type that forms
starch staining red with iodine, are remarkably poor in internal membranes.
Similar observations were made by Kollmann (1960b) on Passiflora and by
Kollmann and Schumacher (1964) on
Metasequoia. The starch-forming plastids in phloem parenchyma cells of V itis
have more or less abundant grana
(Esau, 1963).
Some features observed in this study
with the electron microscope were not
completely interpreted (for example,
formations resembling myelin bodies in
companion cells and sieve elements) but
ul trastructural research is still at a
stage in which natural phenomena and
responses to fixations or other injuries
are not always reliably distinguishable.
Nevertheless, repetitive appearances of
certain fixation images enable one to
discuss cytoplasmic differentiations in
terms of cell specializations.

SUMMARY
Thirty species of grapevine, Vitis, were
compared for their bark characteristics
and seasonal behavior of the phloem,
the food-conducting tissue. This tissue
was previously studied in detail in V.
vinifera. In the present article that
study is complemented by information
obtained with an electron microscope.
The first periderm arises within the
primary phloem in all species of V itis'
except V. rotundifolia, in which it originates superficially. V. rotundifolia thus
lacks the ringbark typical of the genus

Vitis.
The phloem of Vitis differs from that
in the majority of dicotyledons in its
dormancy and reactivation. During dormancy the sieve plates are occluded by
massive deposits of callose which, ultra-

structurally, are seen to enclose extremely fine protoplasmic strands. During reactivation, dormancy callose is
removed by a process that, judged by
electron microscope views, probably involves enzyme action. The proteinaceous material called slime possibly is
involved in the removal of callose. Dormancy and reactivation phenomena
were observed in almost all species of
V itis used in this study.
During the differentiation of sieve
elements the pores of the sieve plates
develop at sites penetrated by plasmodesmata, one to a pore site. Callose platelets cover the pore sites on both sides
of the wall before the site is perforated.
Sieve areas of various degrees of differentiation occur on the side walls. The
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least differentiated ones have conspicuousenlargements of strands in the
middle lamella region-the median nodules-and callose associated with these
strands does not appear to be continuous across the wall.
mtrastructur~l studies support the
concept that the sieve element has a specialized protoplast. In addition to the
well-known lack of nucleus and tonoplast (vacuolar membrane), it has an

endoplasmic reticulum which in fixed
material appears dissociated into vesicles instead of forming extended cisternae such as are found in less specialized nucleate cells. The plastids of sieve
elements elaborate starch that shows
fine concentric lamellation at the ultrastructural level. The plastids have much
less differentiated internal structure
than do the plastids of parenchyma cells
of the same tissue.
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