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Introduction
Because of the quick growth in early life and the high resistance to a cold climate, Japanese larch (Larix leptolepis GORD.) has been widely planted in Hokkaido,
especially after World War II. A large amount of larch wood is expected to come
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into the market in the future. Not only the larch wood is used for constructional timbers, but also it may be utilized for decorative wooden sheets because
of its characteristic figure. Resin, however, exudes from the surface of them,
which leads to a serious problem for the use of the latter purpose. Methods to
prevent the resin exuding from the surface have been studied and devised. Adequate methods to volatilize the resin have been found now.16.11.2l>
Tracheids constitute over 90 percent of the- volume of larch wood, and rays
constitute about 6 percent of it. 18) Both vertical and horizontal resin canals constitute not more than 0.4 percent of it. 18.U ) Both of them, however, contain more
than 45 percent of the whole of resin in Picea abies}) The study on resin canals
themselves is required to be made in haste in order to devise the more adequate
methods to prevent the exudation of resin.
In such genera as Larix, Picea and Pseudotsuga, cells which constitute a resin
canal complex are roughly divided into two layers of cells, i. e., an inner layer and
an outer layer. The former consists of epithelial cells, and the latter consists of
parenchymatous cells with secondary wall. S) In Pinus a resin canal complex is
divided into three layers of cells,l·6.13.26) i. e., a layer of epithelial cells, that of dead
cells the wall of which consists of suberin and that of sheath cells with relatively
thick wall. 26) Epithelial cells are thin-walled and thick-walled in such genera as
Larix, Picea and Pseudotsuga, while all of them are thin-walled in Pinus. Only
a few thin-walled ones occur in LarixY
The spatial relationship between vertical resin canals and rays has been investigated in Larix decidua," Picea abies!S) and Pinus halepensis. 26 ) The occurrence
of uniseriate rays passing through vertical canals is fairly common in Picea abies
(about 2-3 per mm of cannal length).!!)
Horizontal resin canals start from vertical ones.S.8.22.26) The connection between vertical and horizontal resin canals is divided into four types of anastomosis
with respect to the arrangement of vertical canals and fusiform rays in Larix
decidua, Picea abies and Pinus sylvestris. 2) The connections between both types
of canal do not occur in every case in which they come close together in Pinus
halepensis.16) The whole system of canals, i. e., vertical and horizontal resin canals
are reported not to constitute a three-dimensional anastomosing network in Pinus
halepensis, because no connections are found between vertical canals situated on
different radial planes except for the innermost canals of the first growth ring and
the occasional splitting and fusion of the same canal. 26)
According to I. A. W. A. (1975),10) a tylosoid is regarded as a proliferation of
a thin-walled epithelial cell into an intercellular canal. Tylosoids are observed in
Pinus18) and Picea,20) while they are not observed in Larix and Pseudotsuga because
of a little occurrence of thin-walled epithelial cells.
Traumatic resin canals are recognized to arise supposedly as a result of
injury.10.18) They are abnormally large in diameter sometimes. 10) Longitudinal
traumatic resin canals are generally arranged in a tangential row that may extend
for an inch or tw~ ~long a ring. 18) Vertical traumatic resin canals in the present
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paper denote the ones that are lined up tangentially along a growth ring over one
centimeter. The bifurcation of traumatic vertical resin canals and the fusion between them are observed partially in tangential sections, in Larix lePtolepis~l and
Picea canadensis. 22l The morphology of traumatic vertical canals in Larix leptolepis
has a strong resemblance to that of resin cysts in Abies firma S. et Z.I4>
The authors of the present paper have made the study on resin canals for
these years, and have already reported the distribution of vertical resin canals in
Larix leptolepis. 11l Afterwards, we have investigated how many types of cells
form a vertical resin canal complex, and have observed the bifurcation and fusion
of traumatic vertical resin canals. The morphology of epithelial cells and that
of tylosoids have also observed. Principally a scanning electron microscope (SEM)
was used for the present observation, because it was a suitable apparatus for
the observation of the surface of wood elements.

Materials and Methods
Materials for the present investigation were obtained from a twenty four-year
old Japanese larch (Larix leptolepis GORD.), grown in a plantation in Tomakomai
Experiment Forest, Hokkaido University. It was thirteen meters in height and
seventeen centimeters in diameter at breast height. Discs were cut from the tree
at one-meter intervals. A disc at breast height was made use of principally.
A large number of small specimens (R: 1 mm, T: 1 mm, L: 3 mm) which
contained one or more vertical resin canals were obtained from the discs. They
were obtained from both heartwood and sapwood, and also from earlywood and
latewood. Specimens which contained traumatic vertical canals were obtained from
the discs in which they occurred. All the small specimens were dehydrated in a
graded series of ethyl alcohol after they were aspirated to avoid air bulbs for
two days, and embedded in methacrylate resin (n-butyl methacrylate: methyl methacrylate=6 : 4). Surfaces of the embedded specimen were planed with glass knives
on LKB Ultrotome 8800. Both transverse surfaces of it were planed at first, and
then a tangential or a radial surface of it was planed to the surface where the
vertical canal was apparently observed. Finished specimens were immersed in
acetone or xylene alternatively for a week to remove the methacrylate resin from
them, and dried in room conditions or by the cry tical point drying method, subsequently coated with gold using Ion Coater. Principally observations were made
with a JSM-2 SEM at 15 k V.

Results
1. Normal vertical resin canals
1)

Longitudinal cells in a vertical resin canal complex

All the parenchymatous cells which constituted a vertical resin canal complex
were distinguished from tracheids in a transverse section in that they were equipped
with simple pits and in that they were more deeply stained than tracheids (Photo
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1). They were roughly divided into two types of cell in a transverse surface
(i, e., flat cells and square ones with a resemblance to tracheids), though various
in size. Longitudinal epithelial cells with thick wall were flat or crescent in a
transverse view.
Most of longitudinal epithelial cells were thick-walled. Thin-walled longitudinal
ones were only a few and were obviously semicircular (Photo 2). The wall thickness
of thin-walled longitudinal ones was about 0.5 microns in both earlywood and latewood. Most of thin-walled longitudinal ones were adjacent to thick-walled longitudinalones. Thin-walled longitudinal ones adjacent to other elements, e. g., tracheids,
were scarcely observed (Photo 3). Thick-walled longitudinal epithelial cells were
flat and rectangular in a tangential surface (Photo 4). They were approximately
uniform in size. The wall thickness of them was about 3 microns in earlywood
and about 5 microns in latewood. The epithelium sometimes consisted of two
layers of longitudinal epithelial cells, not only when thin-walled longitudinal ones
existed in the epithelium but also when they were absent from it.
Longer parenchymatous cells were sometimes observed in a tangential surface
(Photo 4). Their diameter in a tangential direction was approximately equal to
that of thick-walled longitudinal epithelial cells, but these parenchymatous cells
were longer than them longitudinally. Another type of longer parenchymatous
cell was also observed sometimes in a tangential surface (Photo 5). Its tangential
diameter was larger than that of thick-walled longitudinal epithelial cells, and was
approximately equal to that of strand tracheids. Its longitudinal length appeared
to be equal to that of the parenchymatous cells that mentioned first. The first
parenchymatous cells were found between longitudinal epithelial cells and strand
trancheids (Photo 4) or between these and the second parenchymatous cells. The
epithelium of vertical resin canals was in contact with the first parenchymatous
cells or the second ones or strand tracheids generally. Sometimes no cells were
observed between the epithelium and longitudinal tracheids (Photo 5). Such a
trend appeared conspicuous in latewood.
Strand tracheids with spiral thickenings were observed sometimes (Photos 4
and 11). Longitudinal tracheids with them are present at latewood in a juvenile
part of wood, in Larix and Picea. 19) Strand tracheids with spiral thickenings
were, however, found at latewood in mature wood, in the present study. Strand
tracheids with tangential pittings were observed sometimes even in the region where
longitudinal tracheids with such pittings were not found (Photos 4 and 6).
2)

Spatial relationship between vertical resin canals and rays

Uniseriate rays came in contact with a normal vertical resin canal frequently
(Photos 6 and 7). Generally the uniseriate rays were found between longitudinal
epithelial cells and strand tracheids (Photo 6), or between these and the second
parenchymatous cells (Photo 7). Sometimes the uniseriate rays pushed out toward
a vertical canal (Photo 6). In Photo 7 a uniseriate rayon the right hand of
a vertical canal may beincontacf with the first parenchymatous cells. The uniseriate ray was separated from the vertical canal by longitudinal epithelial cells.
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Uniseriate rays often divided a normal vertical canal into two channels temporarily in the region where they passed through it (Photos 8 and 9). The tangential division and fusion of the same vertical canal occurred commonly in Japanese
larch (about 2 per 3 mm of vertical canal length). A vertical canal had a large
diameter in the case in which two or more rays divided it into two channels in
succession (Photo 10). The penetrating uniseriate rays were enclosed with the
epithelium which consisted of a layer of longitudinal epithelial cells or partly two
layers of them. No cells were found between the uniseriate ray and the longitudinal epithelial cells.
As same as uniseriate rays, fusiform rays came in contact with a normal
vertical resin canal (Photo 11) and divided it into two channels temporarily in the
region where they passed through it (Photo 12). The contact between a vertical
canal and a fusiform ray in the present paper denotes the case in which ray cells
are adjacent to longitudinal epithelial cells and in which a horizontal canal is connected to a vertical one. As are seen in Photos 11 and 12, ray cells of the penetrating fusiform rays are separated from vertical and horizontal resin canals by
longitudinal and ray epithelial cells (ray epithelial cells: ones lining horizontal resin
canals). No cells were found between the fusiform ray and the longitudinal epithelial cells. Thin-walled ray epithelial cells were separated from other elements
by thick-walled ray ones, except resin canals (Photo 11). A vertical canal is apparently connected to a horizontal one in the both photos. In Photo 12 a horizontal canal (H) is connected to a temporarily divided vertical canal (V) which is
on the left side of thin-walled ray epithelial cells. A horizontal canal in the penetrating fusiform ray was also connected to temporary vertical canals on both sides
of it (cf. Photo 36). The relation between a vertical canal and a fusiform ray was
not observed sufficiently because of less occurrence of fusiform rays as compared
with uniseriate rays (less than one sixtieth).
A small network of normal vertical resin canals was found sometimes (Photo
13). One normal vertical canal was observed on an upper and a lower transverse
surface of one specimen. This canal was present alone at latewood in heartwood.
Vertical resin canals were found more frequently in heartwood (juvenile wood) than
in sapwood, but they did not line up tangentially and did scatter all over the
growth ring roughly.
3)

Irregular-shaped epithelial cells

Irregular-shaped epithelial cells were observed in the region where rays passed
through the middle of vertical resin canals. Slender longitudinal epithelial cells
were adjacent to an upper and a lower end of a penetr.ating ray (Photos 10 and
14). Irregular-shaped longitudinal epithelial cells were sometimes found in the
vicinity of an end of the rays (Photo 10). Epithelial cells which looked like bridges
were also found beside an end of them (Photo 14). Most of these bridge-like
cells were thin-walled in sapwood. It is not evident whether these bridge-like
cells occur beside both ends of a penetrating ray.
At the connected part between a vertical and a horizontal resin canal, two
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types of epithelial cell were observed: tapering ray epithelial cells (Photos 11 and
12), and longitudinal epithelial cells which appeared to separate a vertical canal
from a horizontal one (Photos 11 and 12). The longitudinal epithelial cells ("s" in
Figs. 2-4) appeared to also occur on one side of a horizontal resin canal in the
case in which a fusiform ray divided a vertical canal into two channels temporarily (Photos 12 and 36). These two types of epithelial cell were thin-walled at
latewood in sapwood. In Larix laricina a large number of ray epithelial cells
with thin wall are found at latewood in sapwoodY In Japanese larch many of
them would be also present at latewood in sapwood.
Cylindrical epithelial cells were rarely observed in the epithelium of normal
vertical resin canals. They were thin-walled in sapwood (Photo 15) and thick-walled
in heartwood (Photo 16). It is uncretain whether the cylinder is composed of one
or more epithelial cells. A tangentially oblique stretching was sometimes observed
in the epithelium of normal vertical resin canals (Photo 17).
4)

Pittings between thin-walled and thick-walled epithelial cells

Thick-walled longitudinal epithelial cells were equipped with simple pits. Their
simple pits toward thin-walled longitudinal epithelial cells adjacent to them will be
described in the next paragraph.
Thick-walled longitudinal epithelial cells adjacent to thin-walled longitudinal ones
were always equipped with simple pits toward the thin-walled ones (Photo 18).
Bridge-like epithelial cells with thin wall were seen at latewood in sapwoood, in the
present study. Thick-walled longitudinal epithelial cells adjacent to thin-walled
bridge-like cells were also equipped with simple pits toward them (Photo 19). Large
longitudinal epithelial cells with thin wall were seen at the connected part between a vertical and a horizontal resin canal. Thick-walled longitudinal epithelial
cells adjacent to the large thin-walled cells were also equipped with simple pits
toward them (Photo 20). There might be the close relation in the formation of
tylosoids between thin-walled and thick-walled epithelial cells through the simple pits.
Simple pits toward vertical resin canals were rarely observed in thick-walled
longitudinal epithelial cells (Photos 21 and 22). Thick-walled longitudinal epithelial
cells may not be secretory parenchymatous cells.
5)

Tylosoids

Tylosoids which originated from thin-walled longitudinal epithelial cells were
not observed in vertical resin canals in heartwood. However thin-walled longitudinal
epithelial cells which had been crushed were found in vertical canals in heartwood
(Photos 23 and 24). CoJ;1sidered from their situation of the formation ("a" in
Photo 14, "a" in Photo 24) and from their proportion of the occurrence, thin-walled
longitudinal epithelial cells in sapwood might have been crushed during the heartwood formation. Similarly, a thick-walled epithelial cell shown in Photo 25 ("a")
might have been thin-walled in sapwood. With the heartwood formation, longitudinal epithelial cells with thin wall would become thick or crushed without expanding toward vertical canals, in Japanese larch.
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Tylosoids, which originated presumably from both thin-walled ray and thinwalled longitudinal epithelial cells were observed at the connected part between a
vertical and a horizontal resin canal (Photo 26). The wall thickness of the tylosoids
was about 1 micron. The tylosoids looked like a plug which occluded a vertical
canal. Simple pit pairs were not found between adjacent tylosoids. The tylosoids
appeared to be crushed afterwards (Photo 27). Crushed and non-crushed tylosoids
were found in the same vertical canal or in different vertical canals in one growth
ring. It is not apparent whether the tylosoids originate from ray epithelial cells or
both these and longitudinal ones.

2. Traumatic vertical resin canals
1)

Arrangement of vertical resin canals

Two types of arrangement of traumatic vertical reSIn canals were observed
in transverse sections, in the present study. One was a loose tangential series
(Photo 28). The other was a close tangential series (Photo 29). Traumatic vertical
resin canals which form a close tangential series are termed typical ones in the
present paper. Traumatic vertical canals in Photo 28 remained a loose tangential
series and typical ones in Photo 29 remained a close tangential series in a transverse surface even beside a mass of parenchymatous cells produced as a result of
Injury. It is not evident whether traumatic vertical resin canals remain a loose or
a close tangential series throughout their life.
2)

Longitudinal celis in a vertical resin canal complex

Many of vertical resin canal complexes were devoid of the outer layer in the
region where traumatic vertical resin canals occurred, especially in the region where
typical ones occurred (cf. Photos 39 and 40). The outer layer was found between
longitudinal epithelial cells and rays in the case in which it was present in both
regions. The first and second parenchymatous cells (cf. p. 300) appeared to be
fewer than strand tracheids in both regions.
Abnormal cells were frequently observed in the region where traumatic vertical
canals occurred, including epithelial cells. Abnormal trancheids were found beside
the region sometimes (Photo 30). An abnormal mass of cells was found rarely.
In Photo 31 a ray cell and an abnormal tracheid are shown.
Abnormal epithelial cells with various shapes were frequently observed in the
epithelium of traumatic vertical canals. They were thin-walled or thick-walled
(Photo 32). Thick-walled abnormal epithelial cells appeared to be fewer than thinwalled ones. The occurrence of cylindrical epithelial cells was most frequent of
all the abnormal epithelial cells (Photos 33 and 34). Thick-walled cylindrical cells
appeared to be fewer than thin-walled cylindrical cells. All the cylinder traversed
vertical resin canals radially. Tangentially oblique stretchings were also found in
traumatic vertical canals.
Normal and abnormal longitudinal epithelial cells with thin wall were crushed
without expanding toward vertical resin canals during the heartwood formation
(Photo 33), as same as thin-walled longitudinal ones in the epithelium of normal
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vertical resin canals. Thin-walled longitudinal epithelial cells which were not crushed
during the heartwood formation, however, occurred sometimes in the epithelium of
traumatic vertical canals (Photo 34). Cylindrical epithelial cells were most of all
the non-crushed thin-walled cells (cf. Photo 32).
Thin-walled ray epithelial cells (i. e., ones lining horizontal resin canals) expanded
toward vertical resin canals and were transformed into tylosoids during the heartwood formation (Photo 35), as same as thin-walled ray ones in the epithelium
of normal horizontal resin canals. Tylosoids which had been crushed were also
found (Photo 36), as were seen in normal vertical canals. It is not evident whether
the crushed tylosoids occur frequently, because of a little occurrence of fusiform
rays.
Traumatic vertical resin canals were sometimes occluded with thick-walled
tylosoids (Photos 37 and 38). The tylosoids were found in sapwood in crownformed wood. Thick-walled tylosoids occurred to a considerable extent longitudinally, and their shapes were various. Simple pit pairs appeared to be present
between adjacent thick-walled tylosoids (Photo 38).
3)

Two-dimensional network of vertical resin canals

Photo 39 shows a tangential surface of a loose tangential series. A uniseriate
ray once divides a traumatic vertical canal into two channels (No. 1 in Photo 39).
Each canal which has occurred as a result of a division of an original canal divides
into two channels again (Nos. 2 and 3 in Photo 39). Traumatic vertical canals
bifurcated tangentially again and again. Photo 40 shows a tangential surface of
a close tangential series. The bifurcation of vertical resin canals and the fusion
between them occurred frequently in the case of typical traumatic vertical canals.
A two-dimensional network of vertical canals was formed in a tangential plane
as was the case with a typical traumatic type.
The bifurcation of traumatic vertical canals was caused by the presence of rays
in most cases. The other elements, e. g., abnormally short tracheids (cf. Photo 31)
or a mass of two or more epithelial cells (Photo 41) seldom caused the bifurcation of them. Rays which consisted of five cells or less appeared to occur
frequently in the region where traumatic vertical canals were present, especially in
the region where typical ones were present. It is not apparent whether or not a
large number of small rays are produced as a result of injury,
As a result of injury, traumatic vertical resin canals were formed in the wood,
but on the other hand traumatic horizontal resin canals appeared not to be formed
in it in Japanese larch.

Discussion
On the basis of the present observation, the model of vertical resin canal
complex was made in Japanese larch (Fig. 1). The vertical canal complex is considered to be composed of five types of longitudinal cells. (1) Thin-walled longitudinal epithelial cells: parenchyma cells which are obviously semicircular and
which are much fewer than thick-walled longitudinal epithelial cells (E. 1). (2)
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Symbols wed in Figures
E.1

P.2

Fig. 1.

thin-walled longitudinal epithelial
cells.
E.2
thick-walled longitudinal epithelial cells.
E.3
thin-walled ray epithelial cells.
E.4
thick-walled ray epithelial cells.
S.
special longitudinal epithelial
cells.
T.
tapering ray epithelial cells with
thin wall.
P.l
Parenchymatous cells I.
P.2
Parenchymatous cells II.
S.T.: strand tracheids.
L. T.: longitudinal tracheids.
R.C.: ray cells.
V.
vertical resin canals.
H.
horizontal resin canals.

Diagram of vertical resin canal complex in Japanese larch (Larix leptolepis
The inner layer consists of thin-walled and thick-walled epithelial
cells (E. 1· and E.2). The outer layer consists of Parenchymatous cells I, II
and strand tracheids (P.1, P. 2 and S. T.).

GORD.).

Thick-walled longitudinal epithelial cells: parenchymatous cells with crescent outline
in a transverse surface and with depressed outline in a longitudinal surface (E. 2).
(3) Parenchymatous cells I: thick-walled longitudinal parenchymatous cells which
partly encircle the epithelium (i. e., a layer of epithelial cells). In a transverse
surface the outline of them resembles that of thick-walled longitudinal epithelial
cells, but they are longer than thick-walled longitudinal ones longitudinally (P. 1).
(4) Parenchymatous cells II: thick-walled longitudinal parenchymatous cells which
partly encircle the epithelium. They are as long as Parenchymatous cells I longitudinally, but have a rectangular outline with resemblance to tracheids in a transverse surface (P.2). (5) Strand tracheids: the epithelium is partly encircled with
them. They are as long as Parenchymatous cells II longitudinally (5. T.).
The complex in such genera as Larix, Picea and Pseudotsuga consists of
two layers of longitudinal cells, i. e., an inner layer and an outer layer. According
to FUJIKAWA,Ol the inner layer is composed of living and dead longitudinal epithelial
cells and the outer layer is composed of longitudinal parenchymatous cells with
secondary wall, in outer sapwood.
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The vertical resin canal complex in Japanese larch also divides into two layers
of longitudinal cells roughly. The inner layer (i. e., the epithelium) consists of thinwalled and thick-walled longitudinal epithelial cells. The outer layer consists of
Parenchymatous cells I, II and strand tracheids. Generally the epithelium consists
of a layer of longitudinal epithelial cells and partly of two layers of them. Parenchymatous cells I are present between the epithelium and Parenchymatous cells
II or it and strand tracheids. The inner layer is cylindrical, while the outer layer
is not. The non-cylindrical shape of the vertical canal complex is principally
caused by the presence of strand tracheids or by that of Parenchymatous cells II.
Considered from this evidence, the outer layer must have strand tracheids. Cells
in the outer layer are sometimes absent from the vertical canal complex in latewood. The complex consists, for the most part, of longitudinal epithelial cells only.
The vertical canal complex in Japanese larch is not so definit in the arrangement
of cells as that in Pinus.
Only thin-walled epithelial cells in Larix are reported to be true epithelial
cells, for thick-walled ones are not equipped with simple pits toward resin canals. 6)
Thick-walled longitudinal epithelial cells are rarely equipped with simple pits
toward vertical canals in Japanese larch. They might be, however, secreorty
parenchymatous cells. At all events, few thin-walled longitudinal epithelial cells
and fewer thick-walled longitudinal ones which had simple pits toward vertical
canals were observed in the present study. All the epithelial cells are thought to
be thin-walled and to excrete the resin to vertical canals in the vicinity of the
cambium. Most of the resin might be produced in epithelial cells in the vicinity
of the cambium.
In Larix laricina a large number of thin-walled ray epithelial cells are present
at latewood in sapwoodY In Japanese larch many of them are also found at the
connected part between a vertical and a horizontal resin canal, at latewood in
sapwood. The resin may be produced mainly in thin-walled ray epithelial cells
in sapwood.
In Japanese larch a normal vertical resin canal bifurcates temporarily in the
tangential direction when a uniseriate or a fusiform ray passes through it. The
occurrence of penetrating uniseriate rays is fairly common in Japanese larch. It
is also common in Picea abies. 2S ) It is uncertain whether normal vertical resin
canals bifurcate radially or not. They appear not to bifurcate tangentially except
for the temporary tangential bifurcation.
A normal vertical resin canal is found to be always connected to a horizontal
one, in the cases in which a fusiform ray passes between parenchymatous cells
which constitute the vertical canal complex (i. e., a contact between a fusiform
ray and a vertical resin canal, Fig. 2) and in which it passes through the middle of
vertical resin canals (i. e., a temporary tangential bifurcation of a vertical canal,
Figs. 3 and 4). In the case of the latter, a horizontal canal is connected to a
temporary vertical canal on one side of the fusiform ray (Fig. 3) or to two ones
on both sides of it (Fig. 4). According to H. H. BOSSHARD and U. E. HUG,2l
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Diagram of a contact between a fusiform ray and a vertical resin canal and that
of a connection between a vertical and a horizontal resin canal. Thick-walled ray
epithelial cells are present between thin-walled ray ones and strand tracheids.

.
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,

.

R.'c.
Fig. 3.

Diagram of a connection between a vertical and a horizontal resin canal. A horizontal resin canal is connected to a temporary vertical one on the right side of it.
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Fig.....

Diagram of a connection between a vertical and a horizontal resin
canal. A horizontal resin canal is connected to temporary vertical
ones on both sides of it.

the first (Fig. 3) is regarded as Type 2 A and the second (Fig. 4) is as Type 2 B.
The two-dimensional network between different vertical resin canals situated in a
radial plane would be formed through a horizontal canal in the secondary xylem.
The three-dimensional network might not be formed in the seconary xylem because no connections were found between different vertical canals situated in a
tangential plane except for the temporary tangential bifurcation.
Slender epithelial cells are adjacent to an upper and a lower end of a penetrating ray. Irregular-shaped epithelial cells are observed at the connected part between
a vertical and a horizontal canal. The schizogenous separation of epithelial cells
from one another seems not to occur easily in the case in which a ray divides
a vertical canal into two channels temporarily. To study the formation of irregularshaped epithelial cells, the process of schizogenous separation is required to be
observed.
Thick-walled longitudinal epithelial cells adjacent to thin-walled longitudinal
ones are always equipped with simple pits toward the thin-walled longitudinal ones.
The thick-walled longitudinal epithelial cells might be closely concerned with the
thin-walled ones. The alive of parenchymatous cells adjacent to thin-walled epithelial cells might be concerned with the formation of tylosoids, for the content
of them might be pushed into the thin-walled ones through simple pits.
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Longitudinal epithelial cells with thin wall would be crushed or become thick
during the heartwood formation. In the former case they would die before the
heartwood formation begins. Thick-walled ones adjacent to the thin-walled ones
might also die before the heartwood formation begins. Accordingly, no thinwalled ones can not expand toward vertical resin canals. Thin-walled ray epithelial cells (i. e., epithelial cells lining horizontal resin canals) would expand toward
resin canals during the heartwood formation. They would be alive till the heartwood formation ends. Thick-walled ray epithelial cells adjacent radially to the
thin-walled ray ones and ray parenchymatous cells adjacent longitudinally to these
might be also alive till the heartwood formation ends. Therefore thin-walled ray
epithelial cells might be transformed into tylosoids during the heartwood formation.
The transformation of thin-walled ray epithelial cells would be different from that
of thin-walled longitudinal ones during the heartwood formation.
It is not apparent whether tylosoids situated at the connected part between
a vertical and a horizontal resin canal originate from only thin-walled ray epithelial
cells or both these and thin-walled longitudinal ones. Few thin-walled epithelial
cells in sapwood and few tylosoids in heartwood have been observed in the present
study. They are required to be observed hereafter.
Two types of arrangements of traumatic vertical resin canals are observed in
the present study. In the genus Pinus vertical resin canals which develop as a
result of injury are loosely lined up tangentially,ll while in such genera as Abies
and Tsuga they are closely lined up tangentially.l.14) Both the former and the
latter seem to occur in Japanese larch. The fossil deta indicate that the localized
and restricted distribution of vertical resin canals (Abies, Tsuga) precedes the
scattered and widely dispersed type (Pinus).12l The genus Larix might be a middle
type between the genus Abies and the genus Pinus. As mentioned above, traumatic
vertical resin canals would have the phylogenetic significance.
Longitudinal cells of which a vertical canal complex is composed are derived
from fusiform cambial initials. The first change into such cells is a transverse
division of the xylem mother cell. Every parenchyma cell formed by the transverse division undergoes further divisions periclinally and anticlinally to the future
canna!. Thus epithelial cells occur.26) Longitudinal cells of the outer layer are
thought to be formed in the first stage of such a sequence of cell divisions_ Because vertical canal complexes of typical traumatic canals are mostly devoid of the
outer layer, the xylem mother cells might change into only longitudinal epithelial
cells as a result of injury.
Various kinds of abnormal cells are frequently observed in the region where
traumatic vertical resin canals are present, especially in the region where typical
ones are present. Abnormal epithelial cells are most observed in all the abnormal
cells. They are roughly divided into two types of cell, i. e., a cylindrical cell and
another one with irregular shape. Irregular-shaped epithelial cells are also found
sometimes in the epithelium of normal vertical canals. However cylindrical ones
are seldom found in it. The stretching of epithelial cells across a vertical canal
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is reported to be formed in Picea canadensis ll and in Pinus elliottiilSl when they
have not entirely separated from one another but have maintained contact at one
or more points. Many of longitudinal epithelial cells arising as a result of injury
would not entirely separate from one another but remain having contact at one or
more points. The schizogenous separation of the longitudinal epithelial cells might
not occur normally. A large number of abnormal longitudinal epithelial cells are
thought to be produced as a result of injury.
Traumatic vertical resin canals in sapwood are sometimes occluded with thickwalled tylosoids. The thickening and lignification of longitudinal epithelial cells
might not occur normally as a result of injury.
In Japanese larch vertical resin canals which develop as a result of injury
bifurcate tangentially again and again. Typical traumatic canals bifurcate frequently, so that a network of them is formed in a tangential plane. Whether
vertical resin canals are normal or traumatic seems to depend on the frequency
of bifurcation of them.
The bifurcation of traumatic vertical resin canals is thought to be caused by
the presence of rays. Rays which consist of five cells or less appear to occur
frequently in the region where traumatic vertical canals are present. After wounding the cambium at first produces a wood layer 10-20 tracheids thick without vertical canals, canals being formed only afterwards. 6) A time lag is present between
the wounding and the formation of vertical canals. 6) Small rays might be newly
produced during the time lag. They might induce the formation of traumatic
vertical canals. The distance from pith at which the number of rays per sq. mm
becomes constant is about 5-7 cm in radius in Cryptomeria japonica.7 ) Traumatic
vertical canals are also observed in mature wood where the number of rays is
constant, in the present study. It is not yet evident whether or not rays are
newly produced as a result of injury.

Conclusions
In such genera as Larix, Pice a and Pseudotsuga the epithelium consists of
both thin- and thick-walled epithelial cells. The proportion of thin-walled epithelial cells in the epithelium of vertical resin canals is lowest in Larix and highest
in Pice a in the three generaY The resin canal complex of Larix, Picea and
Pseudotsuga is reported to be divided into two layers of cells by FUJIKAWA. O)
We consider in Japanese larch that the inner layer of vertical resin canal complex
is composed of thin-walled and thick-walled epithelial cells and that the outer layer
of it is composed of two types of longitudinal parenchymatous cells and strand tracheids. The former is considered to be the same as that by FUJIKAWA, but the
latter is different from that by him. The arrangement and kind of cells which
constitute a resin canal complex seem to be different among three genera, i. e.,
Larix, Picea and Pseudotsuga. The idea of resin canal complex would be a
criterion that distinguishes between coniferous woods.
Pittings between thick-walled and thin-walled longitudinal epithelial cells have
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been observed in the present study. Simple pits are present in the thick-walled
longitudinal ones but complementary pits are absent from the thin-walled longitudinal
ones. Complementary concavities are only found in the thin-walled ·longitudinal
ones. Because the simple pits do not occur opposite to an intercellular space,
they should not be called blind pits. The definition by I. A. W. A. (1975)10> does
not include that of such a pitting. According to I. A. W. A.,t0> the epithelium
is regarded as a layer of secretory parenchymatous cells (epithelial cells) that surrounds an intercellular canal or cavity. Epithelial cells are also recognized to be
excreting, thin-walled parenchyma cells which surround longitudinal and transverse
resin canals.lS> In the present study most of longitudinal epithelial cells have been
found to be thick-walled in xylem and the thick-walled epithelial cells have been
found to be rarely equipped with simple pits toward vertical resin canals. Only
thin-walled epithelial cells which surround resin canals should be called epithelial
cells. The new definition is required for thick-walled parenchymatous cells which
surround resin canals. As mentioned above, it is hoped that the difinition by
I. A. W. A. (1975)1O> is reconsidered.
The formation of tangential series would be a characteristic of traumatic vertical resin canals. The vertical resin canal complex of traumatic ones is often
devoid of the outer layer. Abnormal epithelial cells are frequently observed in the
epithelium of traumatic vertical resin canals. The bifurcation of traumatic vertical
resin canals and the fusion between them occur so often, which is considered to
be one of characteristics of them. Evidently traumatic vertical resin canals are
considered to be anatomically different from normal ones. The cause of formation
of traumatic vertical resin canals might be different from that of normal vertical
resin canals.
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Explanation of photographs
PhotO 1.

Resin canal complex. All the longitudinal parenchymatous cells that constitute the vertical resin canal complex are more deeply stained than tracheids. A large epithelial cell (e). Parenchymatous cells I (a) and II (b)
are shown. Transverse section, at latewood in sapwood.

Photo

2.

Four longitudinal epithelial cells with thin wall are shown. They are
adjacent to longitudinal ones with thick wall. Tangential surface, at latewood in sapwood~

Photo

3.

It is not apparent whether or not a longitudinal epithelial cell with thin
wall is adjacent to tracheids, Tangential pits are observed in a tracheid
on the left side of a vertical resin canal.

Photo 4.

Resin canal complex. The epithelium consists of a layer of longitudinal
epithelial cells. Parenchymatous cells I (p) are shown between thickwalled .longitudinal epithelial cells and a strand tracheid on the left side
of a vertical resin canal. The left strand tracheid has tangential pits.
A right strand tracheid has spiral thickenings. Tangential surface, at
latewood in sapwood.

Photo S.

Resin canal complex. The complex consists of only longitudinal epithelial
cells on the right side of a vertical canal. It consists of longitudinal epithelial cells and a mixed strand (a Parenchymatous cell II (p) and a element
of strand tracheid (s)) on the left side of a vertical canal. Tangential
surface, at latewood in heartwood.

Photo

6.

Uniseriate rays, which come in contact with a vertical resin canal, push
out toward the canal. An upper uniseriate ray (r) is present between a
strand tracheid and thick-walled longitudinal epithelial cells. Tangential
surface, at latewood in sapwood.

Photo

7.

A uniseriate ray is present between thick-walled longitudinal epithelial
cells and Parenchymatous cells II (p) on the left side of a vertical canal.
Tangential surface, at latewood in sapwood.

Photo 8.

A uniseriate ray divides a verticail canal into two channels temporarily.
The uniserate ray is enclosed with thick-walled longitudinal epithelial
cells. Tangential surface, at latewood in sapwood.

Photo 9.

The same as the state shown in Photo 8. Radial surface, at late wood in
sapwood.

Photo 10.

The temporary bifurcation and fusion of the same vertical resin canal is
not apparent hecause of a large diameter of the canal. Slender epithelial
cells (a) and an irregular one (b) are shown. Tangential surface. at latewood in sapwood.

Photo 11.

A fusiform ray comes in contact with a vertical resin canal. Tapering
ray epithelial cells with thin wall (a) and longitudinal epithelial cells with
thin wall (b) are shown. Spiral thickenings are seen in a strand tracheid
(c). Tangential surface, at latewood in sapwood.
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Photo 12.

A fusiform ray divides a vertical resin canal into two channels temporarily.
Tapering ray epithelial cells with thin wall (a) and longitudinal epithelial
cells with thin wall (b) are shown. A horizontal resin canal (H) is_Dot
connected to a vertical one (V) situated on the right side of the fusiform
ray. Tangential surface, at late wood in sapwood.

Photo 13.

A small network of normal vertical resin canals. Irregular epithelial
cells are shown (arrows). Tangential surface, at late wood in heartwood.

Photo 14.

The temporary bifurcation and fusion of the same vertical resin canal.
Bridge-like epithelial cells with thin wall (a) and a slender one (b) are
shown. Tangential surface, at late wood in sapwood.

Photo 15.

Cylindrical epithelial cells with thin wall in the epithelium of a vertical
canal. Tangential surface, at late wood in sapwood.

Photo 16.

Cylindrical epithelial cells with thick wall in the epithelium of a vertical
canal. A tangential pit (p) is shown in a strand tracheid on the right side
of a vertical canal. Tangential surface, at latewood in heartwood.

Photo 17.

A tangentially oblique stretching.
sapwood.

Photo 18.

Pittings between thin-walled and thick-walled longitudinal epithelial cells(p).

Photo 19.

A pitting between a thin-walled bridge-like epithelial cell and a thickwalled longitudinal one (p).

Photo 20.

Pittings between a large longitudinal epithelial cell with thin wall and
a thick-walled longitudinal one (p).

Photo 21.

Thick-walled longitudinal epithelial cells are equipped with simple pits
toward vertical resin canals (arrows).

Photo 22.

Enlargement of a part of Photo 21. A simple pit toward a vertical.resin
canal is shown.

Photo 23.

Crushed cells which originate from thin-walled longitudinal epithelial cells.
Tangential surface, at late wood in heartwood.

Photo 24.

A crushed cell which originates from a thin-walled bridge-like epithelial
cell (a). Tangential surface, at late wood in heartwood.

Photo 25.

Thick-walled bridge-like epithelial cells (a). A crushed thin-walled epithelial cell is also shown (b). Tangential surface, at latewood in heartwood.

Photo 26.

Tylosoids which originate from thin-walled ray epithelial cells. They
appear to expand toward both a vertical and a horizontal resin canal.
Tangential surface, at late wood in heartwood.

Photo 27.

Crushed tylosoids which originate from thin-walled ray (a) and thin-walled
longitudinal epithelial cells (b). Tangential surface. at latewood in heartwood.

Photo 28.

Traumatic vertical resin canals are loosely lined up tangentially. Transverse section, at earlywood in heartwood.

Photo 29.

Traumatic vertical resin canals are closely lined up tangentially. Transverse section, at earlywood in sapwood.

Tangential surface, at late wood in
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Photo 30.

Abnormal tracheids, beside a mass of wound parenchymatous cells. Transverse section, at earlywood in heartwood.

Photo 31.

A mass of abnormal cells. A ray cell (r), an abnormal tracheid (t) and
thick-walled longitudinal epithelial cells are shown. Tangential surface,
at early wood in sapwood.

Photo 32.

Thick-walled abnormal epithelial cells (e) and cylindrical epithelial cells
with thin wall (c) are shown. Tangential surface, at late wood in heartwood.

Photo 33.

Cylindrical epithelial cells with thick wall (c) and a crushed epithelial cell
with thin wall (t) are shown. Tangential surface, at latewood in heartwood.

Photo 3 ....

A cylindrical epithelial cell (c), an abnormal one (i. e., a tangential stretching, "s") and a thin-walled intact one are shown. Tangential surface,
at latewood in heartwood.

Photo 35.

Tylosoids at the connecting part between a vertical and a horizontal resin
canal. It is not apparent whether crushed tylosoids (t) originate from thinwalled ray or thin-walled longitudinal epithelial cells. Tangential surface,
at latewood in sapwood.

Photo 36.

Crushed tylosoids which originate from thin-walled ray epithelial cells (t).
Large longitudinal epithelial cells with thick wall are also shown (s). Tangential surface, at late wood in sapwood.

Photo 37.

Traumatic vertical resin canals are occluded with thick-walled tylosoids.
They are beside a mass of wound parenchymatous cells. Transverse section, at earlywood in sapwood.

Photo 38.

Thick-walled tylosoids with various shapes occur longitudinally to a considerable extent. Simple pit pairs appear to be present between adjacent
tylosoids. Tangential section.

Photo 39.

A tangential view of a loose tangential series. A vertical resin canal
(V) once bifurcates tangentially (No.1) and each canal which has occurred
as a result ofa bifurcation of an original canal bifurcates tangentially
again (Nos. 2 and 3).

Photo "'0.

A tangential view of a close tangential series. "V" designates a vertical
resin canal. A network of vertical resin canals is formed on a tangential
surface.

Photo "'1.

An abnormal mass of two or more longitudinal epithelial cells (m). Tangential surface.

K.

SATO

and

S. ISHIDA

Plate I

Plate II

K.

SATO

and

S. ISHIDA

K.

SA TO

and

S. ISHIDA

Plate III

Plate IV

K. SA TO and S.

I SHIDA

K.

SATO

and

S. I SHIDA

Plate V

Plate VI

K. SA TO and S. ISHIDA

K.

SA TO

and

S . ISHIDA

Plate VII

Plate VIII

K.

SATO

and

S. ISHIDA

K.

SA TO

and S.

ISHIDA

Plate IX

Plate X

K.

SATO

and

S . ISHIDA

