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The Secondary Wall Formation of Compression Wood Tracheids
—On the Helical Ridges and Cavities—
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Fig. 1. Diagrammatic representations of sectioning of the differentiating
compression wood tracheids.
(A) A conventional cross or longitudinal section of tracheids.
(B) An inclined section at an angle of 45° to the fiber axis.
Helical ridges and cavities are sliced orthogonally in one side of trache-
ids and parallelly in another side of them(B). O-side: orthogonal
side. P-side: parallel side.
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! 2 3 4
Fig. 14. A diagrammatic representation of the development process
of helical ridges and cavities.
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Résumé

The differentiation of compression wood tracheids, particularly the formation of their
helical ridges and cavities, in Cryptomeria japonica was studied in detail by polarizing
microscopy, scanning and transmission electron microscopy in close examination of
fixation artefacts and of the misinterpretation resulting from the inclination of the ridges
and cavities in the sections. The differentiating xylem was fixed by potassium per-
manganate or glutaraldehyde-osmium tetroxide, and embedded in cpoxy resin. The
inclined sections at an angle of 45 degrees to the fiber axis were used in order to observe
the accurate cross view of the helical cavities. Results obtained are as follows: (1)
Potassium permanganate fixation caused noticeable swelling of the cell wall lamellae
(Fig. 4), whereas glutaraldehyde-osmium tetroxide fixation preserved the fine structure
of both the wall and cytoplasm. (2) Although the fine structure of the ridges and cavities
was obscured by their own inclination in the case of observations of the conventional
cross- and radial-sections, this problem was solved by using so-called “inclined sections”.
(3) The cavities were clearly found at the very early stage of S layer deposition as
the small interspaces among the small and edged helical ridges (Fig. 8, 9). This was
also shown by observation of the differentiating radial file of the radial-longitudinal
section using a polarizing microscope (Fig. 2). (4) The original ridges were developed
toward inside like the teeth of a comb, leaving the cavities between them (Fig. 10).
(5) In the final stage of Sy layer deposition, some of the ridges were extremely developed
and the rest of them were suppressed by the developed ones (Fig. 11, 12). (6) Evidence
of bursting open of fibrillar lamellae due to the tangential contraction was not observed
at all during Sy layer deposition. (7) The plasma membrane existed in all stages of
cell wall development, and they covered the ridge surfaces and penetrated deeply into
the cavities (Fig. 12). (8) It is assumed from these observations that cavities do not
originate from a tangential contraction of cell wall lamellae but are caused by an ir-
regular deposition of the cell wall substance.
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Fig. 2. A radial section of differentiating tracheids observed under the crossed nicols of polarizing
microscope. The tracheids in radial file from A to D are undergoing S» layer deposition.
Note the tracheid B which has already possessed the helical ridges and cavities at an early stage
of Sz layer deposition.

Fig. 3. A tangential view of the simillar tracheid to B of Fig. 2. Small helical cavities are originated
-at an early stage of the Sa layer deposition.

Fig. 4. Swelled and convoluted cell wall lamellae caused by potassium permanganate fixation.
Cytoplasmic organelles are also damaged.

Fig. 5. An inclined section cut at an angle of 45° to the fiber axis. Helical ridges and cavities
are sliced orthogonally in one side(O-side), and parallelly in another side (P-side), Shadowed
section after removal of embedding resin (glutaraldehyde-osmium tetroxide fixed).

Fig. 6. An inclined section of 2 u-thickness observed by polarizing microscope (A) and phase contrast
microscope (B). A white line in photo (A) was obtained by tracing the last tracheids in which
the difference of birefringence. was not recognized between the O-side and P-side. The tracheids
(1-8) in xylem side from the white line are depositing Ss layer, whereas the tracheids (=5--1)
in the cambium side are depositing P and S, layer (B). Individual tracheid (such as K-5) in
this section is identified by co-ordinate of radial files from B to L and of tracheid numbers from
—5to 8 (B). :

Fig. 7. The orthogonal side of D-1 tracheid which started Sz layer deposition. Shadowed after
removal of embedding resin (A) and stained section (B). (glutaraldehyde-osium tetroxide fixed).
The inner surface of Sz layer is smooth (see arrow) (A). The plasma membrane (Pm) is contacted
with the inner surface of the Sz layer (B). M: mitochondria, P; plastid, N: nucleus.

Fig. 8. The orthogonal side of C-2 tracheid at an early stage of Sy layer deposition. The inner
surface of Sz layer and the plasma membrane (Pm) showing a zigzag pattern. Stained section
(glutaraldehyde-osmium tetroxide fixed). MT: microtubule, P: plastid, V: vacuole.

Fig. 9. A scanning electron micrograph of the inclined section of 1 p thickness. The edged ridges
are already originated in this early stage of Sj layer deposition (see arrow).

Fig. 10. The orthogonal side of K-3 tracheid in the inclined section. Most ridges are developing
like teeth of a comb and deep cavities are formed between them. The branched cavities are also
observed at the top of suppressed ridges (see arrows). Stained section (glutaraldehyde-osmium
tetroxide fixed). Pm: plasma membrane, C: cytoplasm, V: vacuole.

Fig. 11. Cross sections of the helical ridges in the final stage of Ss layer deposition observed in the
orthogonal side of an inclined section. Some of ridges are extremely developing. Shadowed
section after removal of embedding resin (glutaraldehyde-osmium tetroxide fixed).

Fig. 12. An orthogonal side of a tracheid in the simillar stage to Fig. 10. Plasma membrane (Pm)
covers the inner surface of the wall and deeply penetrates into the cavities (see arrows).
C: cytoplasm, V: vacuole.

Fig. 13. A scanning electron micrograph of a mature tracheid in an mchned section of 1y thickness.
The huge ridges and the small suppressed ridges are observed in the sectional view and warts are
deposited on the surface of them.
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Fig. 12. Fig. 13.



