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SUMMARY

Helical thickenings in the tracheids of Pseudotsuga and Taxus were studied by the scanning

reflection electron microscope. From this it was found that both were part of the S 3 layer. In

Pseudotsuga they were branched in the radial wall, there having a much smaller angle of

inclination than the spirals in the tangential wall, which were not branched. Their direction is

the same as from the “streamingfigure” in the bordered pit. The thickenings in Taxus showed

up as sharply demarcated ridges of about the same width at regular intervals in the radial

plane. The tangential plane was not studied. The helices here ran in a direction opposite to

the “streaming figure” around the pit apertures. They seemed to be loosely attached to the

S
3 layer but noproofofthat could be found.

1. INTRODUCTION

The S
3 layer in some species is lacking or very thin. This layer in many

genera is not smooth but covered with warts, on which Wardrop (1964) and

Liese (1965) have made a thorough study.
Another type of sculpturing of the tracheid walls is due to spiral thickenings,

which according to I.A.W.A. (1964) are: “helical ridges on the inner face of,
and part of, the secondary wall.” These helices occur in Taxus, Torreya and

Cephalotaxus, all members of the Taxaceae, and in Pseudotsuga ofthe Pinaceae.

Inall the above genera they characterize the tracheids, though in the latterthey

may be absent in the outer portion of the late wood of the growth ring (Anony-

mous 1925). A special study of the spirals has been made for Taxus by Wergin

& Casperson (1961) and Wardrop & Davies (unpublished) and for Pseudo-

The structure of the cell wall of Gymnosperm tracheids has been studied inten-

sively during the last decades. The pioneering work of Bailey (1913), Bailey

& Kerr (1935), Bailey & Vestal (1937), Frey-Wyssling (1959), Liese (1953),
Preston (1934, 1947, 1948), Preston & Wardrop (1949), Roelofsen (1959),

Wardrop (1958, 1964), Wardrop & Dadswell (1951), Wardrop & Preston

(1947) has for the greaterpart elucidated its basic structure.

According to Wardrop (1964) the cell walls of tracheids consist of a middle

lamella, primary wall and secondary wall. The latter (S) can in most cases be

divided into an S
1;

S
2,

and S
3 layer, respectively, each of which consists of very

thin concentric lamellae.
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tsuga by Liese & Hartmann-Fahnenbrock(1953), Cote (1967), Hodge &

Wardrop(1950). Wardrop (1964) gave informationabout both genera.

Greguss (1955) observed spiral thickenings in other genera and also in

ray-tracheids, but not as a characteristic.

Whilst studying the bordered pits of Pseudotsuga taxifolia in the scanning
reflection electron microscope (S.E.M.), its spirals were seen to be branched. It

was therefore thought to be of interest to study also the helices in Taxus by the

same method, so as to be able to make a comparison between both.

2. MATERIAL AND METHODS

Small air-dried samples were used from the fully developed sapwood of

Pseudotsuga taxifolia and Taxus wallichii and from the heartwood of Taxus

baccata. The wood samples were prepared by the methoddescribed by Jutte &

Levy (1971) for examination in the S.E.M.

3. RESULTS

In Pseudotsuga taxifolia it could be seen that the thickenings on the radial

wall were not pronounced helices as might be concluded from light microscopy.

As can be seen fromfig. I it is clear that there is a main tendency towards

helical orientation, though many more or less developed branching thickenings

were formed. These always run over the pit border, in most cases coming from

two directions and meeting on its top, just leaving space for the pit aperture

{fig. 2). The thickenings have a very broad basis and it is clear that they are

part of the S
3-layer. They always run in the directionof the longest axis (“stream-

ing figure”) of the aperture. The tangential walls also showed the spirals {fig. 3),
but here they were not branched and their direction was almost horizontal.

They seemed to be very shallow ridges in a thin S
3 ,

the directionof the S
2-layer

microfibrils showing through. That the S
3-layer can be very thin indeed or

lacking in places was also very well demonstratedin Cóté’s plate 2 (1967).

Taxus shows a great difference from Pseudotsuga in its radial plane. The

helices are never branched and have a small base, as if they have been attached

to the cell wall as a separate coil at quite even thickness {fig. 4). In splitting the

wood in a perfect radial direction the S
3-layers very often split off, taking the

spiral thickening away. It was therefore necessary to split the wood slightly out

of the true axial plane, so the inner tracheid surface was kept intact. At first it

seemed as ifthe spirals could very easily be torn away from the cell wall. This is

not the case. Moreover, with higher magnification it was occasionally found

that the S
3-layer was thickened at one side of the spiral, giving quite an obvious

sculpturing, with a fairly heavy shadow, due to the coating mechanism {fig. 5).

The spirals did not usually run over the pit borders, and when they did, it was

not close to the aperture. They also were not laid down in the direction of the

longitudinal axis of the pit, but contrary to it {fig. 4).
In Taxus baccata, where heartwood was used, the coils seemed to be covered



102 S. M. JUTTE AND J. F. LEVY

by extraneous material, which in some cases was broken away, leaving a “core”

of the original coil {fig. 6). The spirals inboth Pseudotsuga and Taxus were laid

downin S helices.

4. DISCUSSION

In making a comparison between the helical thickenings of the genera Pseudo-

tsuga and Taxus, they were found with the S.E.M. to differ in shape and appear-

ance. Neither of them were found to be easily detached from the cell wall as

Wardrop (1964) found, although the spirals in Taxus can very readily be

removed, together with the S
3-layer, leaving the S

2 .

Preston (1934, 1948)

noted for the S
2-layer that the angle of inclination of micelles in the radial walls

of the tracheids was greater than in the tangential walls; this was confirmed by
Wardrop & Dadswell (1951). The same phenomenon was also found to be

true for the helices in Pseudotsuga (Wardrop & Dadswell 1951). This was

not confirmed for the thickenings in Pseudotsuga under investigation, where

angles of inclinationto the cell axis in the tangential plane were almost 90

degrees, and in the radialplane much less.

In the literature there is no mention ofthe fact that the helices in Pseudotsuga

tracheids may be branched, although it is clear from plates 1 and 2 in C6t£’s

atlas (1967) that this is the case. The branching does not make it easy to mea-

sure the angle of inclinationfrom the S.E.M. pictures. This can best be done

from the light microscopic image, where only the main helical directions seem

to show up. It is clear from the above pictures that the thickenings are part of

the Sj-layer, as stated by Cote (1967), his plates 3 and 4 giving evidence.

Wardrop (1964) has stated that the S
3 layer is constructed of 0 to 6 lamellae,

every lamella having its microfibril direction in the opposite pitch, that is to say

in alternating S and Z spirals. From the scanning electron micrographs it could

be concluded that the S
3 layer is very thin, possibly consisting of only two

lamellae. The lamella closest to the S
2 layer has its microfibrils running in the

Z direction while the microfibrils of the second lamella(closest to the lumen)

appear to flow more or less together to form branched helices running in the S

direction. As can be concluded from the streaming figure of the pit apertures in

the S
2 layer, microfibrils there are also oriented in S direction. It is interesting

that the helices mostly run over the top of the pit borders very close to the

Branched helical thickenings on the radial wall (x 1,300).Pseudotsuga taxifolia.

Fig. 2.

Flat helical thickenings onthe tangential wall (x 2,700).Fig. 3.

Fig. 4.

Helical thickeningwith wall sculpturing underneath (x 5,000).Taxus wallichii.

Fig. 6.

Pseudotsuga taxifolia. Flelical thickenings running over the pit border in the direction

of the longest axis of the pit aperture (x 2,500).

Fig. 1.

Helical thickenings on the radial wall, running in opposite direction of

the longest axis ofthe pit aperture (X 1,500).

Pseudotsuga taxifolia.

Fig. 5.

Taxus baccata.

Helical thickening from which the outside part is broken off, leaving a

“core” ofthe originalcoil ( x 5,000).

Taxus baccata.
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aperture and in these spots there mostly is a junction of two thickenings. It

would be worthwhile to study the inside of the dome of these pits more careful-

ly, to see if the S
3-layer on these is also inclined to collect its fibres in, for in-

stance, ridges or sheaves in a more or less circular way.

In Taxus the helices could not really be lifted from the S
3 -layer although

their bases are much narrower than those in Pseudotsuga. No microfibrils were

detected in these thickenings but these were not very clear either in the S
3-layer

itself. While following the concept of the cell wall organization proposed by

Wardrop (1964) the S
3 layer in the tracheids of Taxus are possibly composed

of more lamellae than in Pseudotsuga. The last-formed lamella of the S
3 layer,

from which the helical thickenings originate, has its microfibrilsrunning in the

S direction. The microfibrils in the layer S
2 run in the opposite (Z) direction,

as can be concluded from the streaming figure around the pit aperture.

In this connection it is interesting that in compression wood where the S
3

layer is absent or only feebly developed (Wardrop & Dadswell 1950),

Wergin & Casperson (1961) found thickenings which they concluded to be

part of the S
2-layer. These helices, however, run in the same S direction as do

the S
3 spirals in normal tracheids. The main microfibrillar direction in the S

2

layer of compression wood has thus changed from a Z to an S helix. This

requires special attention in relation to the changes in the protoplast occurring

in the developing compression wood tracheids (Wardrop & Davies 1964).

How does the compression wood of Pseudotsuga show up? Does it also change

its S
2

microfibrildirection?

It seems indeed that the helical thickenings in Gymnosperm tracheids need

more investigation, taking into account that the members of the Taxaceae

which is an “older” plant unit than the Pinaceae still have this characteristic

feature. Could this type of helices be the classic one, while that of Pseudotsuga

might just be at the stage of evolutionary development where this feature is dis-

appearing, probably leaving in the next period of time only a collection of

warts at the spot where it first developed spirals?
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