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The Cell Wall Structure of the Secondary Phloem Elements in
Cryptomeria japonica D. DON
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Fig. 1. A schematic diagram showing the standard cellular
sequence in the secondary phloem of Cryptomeria japonica
D. Don.
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Fig. 3. A schematic diagram showing the
thin section cut oblique to the axis of
Type-1 fiber and major extinction posi-
tion of the layers in it. Fibril angle of
the outer 'ayer can be determined in A
or A’, and that of the inner layer in B
or B'.
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Résumé

The authors examined the secondary wall structure of fibers, sieve cells, axial pa-
renchyma cells and stone cells (sclereids) in the secondary phloem of Cryptomeria japonica
D. Don. -

1) Elements in the phloem were arranged respectively in uniseriate tangential bands
(Photo. 1) and radial cell cycles of two kinds were found in them, i.e. the short cycle
composed of four bands, sieve cell—fiber—sieve cell—parenchyma cell and the long
cycle composed of several short cycles (Fig. 2).

2) Some of the fiber bands had thick-walled fibers and the others had thin-walled
ones. The secondary wall in both fibers was composed of two layers, i.e. the outer
layer and the inner layer (Photo. 5, 6, 7).

3) In the thick-walled fibers, the fibril angle of the inner layer measured by polarizing
microscope was about 45° to the cell axis, and that of the outer layer was about 60°.
In the outer layer fibrils inclined in the opposite direction to those in the inner layer
(Photo. 9).

Examination with phloroglucinol-hydrochloric acid stalnmg (Photo. 3) in light micro-
scopy, and potassium permanganate staining (Photo. 5, 6) in electron microscopy showed
that the outer layer was strongly lignified but the inner layer had considerable variation
in lignification among the tangential fiber bands. In the less lignified fiber bands, the
lumen side zone of the inner layer was not lignified. '

4) Electron microscopy also revealed that the fibrillar orientation of the two layers
in thin-walled fibers was similar to that in thick-walled ones {Photo. 10, 11), and lignifi-
cation of the wall, investigated by the delignification method of ultrathin sections, was
restricted to the outer region of the outer layer (Photo. 8).

5) The secondary wall of the sieve cell was composed of many lamellae (Photo. 12)
and was not lignified. The sieve area consisted of subunits and each subunit possessed
several sieve pores.

6) The secondary wall of the axial parenchyma cell was also composed of many
lamellae and was not lignified. The pit on the lateral wall was composed of two or
three areas, and between these areas a bundle of microfibrils existed as a boundary.

7) Stone cells sometimes occurred in the thick-wall fiber bands. Their secondary
wall was composed of many thick lamellae (Photo. 16).

The cell wall structures of the phloem elements mentioned above were diagrammatically
represented in Fig. 4.
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Photo. 1. A cross section of the secondary
phloem photographed in phase contrast.
Note the regular arrangement of elements.
F, thick-walled fibers; f, thin-walled fibers;
s, sieve cells; p, parenchyma cells: st,
stone cell (sclereid).

Photo. 3. A cross section stained with phloro-
glucinol-hydrochloric acid. Note the differ-
ence in lignification among tangential
fiber bands. Arrow indicates a band of
the thick-walled fibers, but less lignified.

Photo. 2. A radial section of the secondary
phloem. Note the orientation of pit aper-
ture in the thick-walled fibers. F,f; s, p,
see Photo. 1.

Photo. 4. A cross section of the axial inter-
cellular canal surrounded by epithelial
cells.



Photo. 5. A cross section of a phloem fiber

(Type-1). The secondary wall is composed
of two layers stained deeply and uniformly
with potassium permanganate. Wo, the
outer layer; Wi, the inner layer; Type-1
fiber, thick-walled and strongly lignified
fiber.

Photo. 7. A cross section of phloem fibers
(Type-3). Note the two layers (Wo & W)
in the secondary wall.  (Gultaraldehyde-
osmium fixed, Pt-Pd shadowed after re-
moving epoxy resin).
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Photo. 6. A cross section of a phloem fiber
(Type-2). The secondary wall is com-
posed of two layers, but the inner layer
(W1) is not stained so deeply as the outer
layer (Wo). Type-2 fiber, thick-walled
but less lignified fiber.

Photo. 8. A cross section of phloem fibers

(Type-3). The outer region of the outer
layer (arrow) was delignified (shadowed
section after treatment by Jeffrey’s solu-
tion). Type-3 fiber, thin-walled, lignifi-
cation occurrs only in the outer region of
the wall.
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Photo. 9. A polarizing micrograph of an ob- Photo. 10. A replica of the inner layer of
lique longitudinal section of Type-1 fibers. Type 3 fiber. W;j arrow, fibrillar orien-
Interference colour difference between two tation of the inner layer; fiber axis is

layers were observed by means of the sensi- vertical.
tive colour plate (530 mu), as shown in

Fig. 3. Wo, the outer layer; Wi, the

inner layer.

Photo. 11. An oblique longitudinal section of Photo. 12. A cross section of the sieve cells.
Type 3 fiber. W; arrow, fibrillar orien- Note the multi-lamellae structure of the
tation of the inner layer; Wo arrow, that wall and a crystal in the intercellular layer.
of the outer layer; fiber axis is vertical. (Gultaraldehyde - osmium  fixed, Pt-Pd

shadowed after removing epoxy resin)



Photo. 13. A scanning electron micrograph
of a sieve area. Note that the sieve area
is composed of subunits which contain
several sieve pores.
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Photo. 14. A cross section of axial parenchy-
ma cells. Note the multi-lamellae struc-
ture of the walls.

Photo. 15. A replica of pits on the lateral wall
of an axial parenchyma cell. A pit is
divided into two areas by a bundle of
microfibrils (arrows), and granular ma-
terials on the membrane seem to show the
remains adhered to plasmodesmata.

Photo. 16. A cross section of a stone cell.
Note the thick lamellae of the secondary

wall.  (Glutaraldehyde - osmium fixed,
Pt-Pd shadowed after removing eoxy.
resin).



