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Introduction

The raidal growth of forest tree is accomplished by cell divisions in the cam-
bium and the phellogen. However, most of it is derived from the cells which are
newly produced in the cambium. Cambium which is located between xylem and
phloem produces xylem and phloem elements, respectively inward and outward.
Therefore, in order to clarify the processes of the radial growth, extensive studies
about not only the xylem formation but also the cambial activity itself and the
phleom formation are very significant. The xylem formation in Larix leptolepis
has been already studied (IMacawA and Isuipa 1970, IMacawa et al. 1976). But
the phloem elements which are produced simultaneously with the xylem elements
have been little dealt with. Therefore, it appears that many problems about the
phloem formation remain still to unresolved.
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Generally, in comparision with morphological studies about the xylem elements
of forest trees, such ones about the phloem elements have been less done. Especially,
in Japan such ones have been extremely less reported (Hirar 1941, SHIMAKURA
1936). Therefore, it is considered that many studies about phloem must be advanced
hereafter.

From such point of view, in this study the seasonal development of the second-
ary phloem in Japanese larch is examined. As mentioned above, since phloem
elements are derived from cambium, this study seems to be also effective to clarify
cambial activity itself. And the results obtained will be described in relation to
the xylem formation.

Materials and Methods

About 20 year-old Japanese larchs, Larix leptolepis, grown at the nursery in
the campus of Hokkaido University, Sapporo, Japan were used. Specimens which
included inner bark, cambium and outer wood were periodically punched out from
the stems throughout three growth periods (1974, 1976 and 1978). Specimens were
fixed in FAA or glutaraldehyde followed by osmic acid. Some of FAA fixed speci-
mens were embedded in celloidine and the remainders in epoxy resin. Sections
for light microscopy were cut from celloidine embedded specimens and stained with
safranin and fast green. Semi-ultrathin sections (1~5 micron in thickness) for light
microscopy, and 0.5 micron sections for ultraviolet microscopy (only from FAA
fixed specimens) were cut from epoxy resin embedded specimens on an ultrami-
crotome. Semi-ultrathin sections were stained with basic fuchsin and methylene
blue (HUBER et al. 1968). And also ultrathin sections were cut from the specimens
which are fixed in glutaraldehyde-OsO,, stained with uranyl acetate and lead citrate,
and observed by an electron microscope. In all specimens, the relation in regard
to the numbers between newly differentiated phloem elements and xylem elements
(tracheids) were examined. At each specimen, the measurement for the numbers
was done in each ten radial file and the average number was calculated.

Results and Discussions

In the mature bark of Larix occidentalis Nutt, the secondary phloem was
composed of sieve cells, phloem parenchyma, sclereid-like fibers as a sclerenchyma,
and phloem rays (CHanc 1954). Although there are some problems about the
definition of sclerenchyme cells as mentioned later, in this paper phloem elements
in Japanese larch are conveniently separated into four groups, that is, sieve cells,
phloem parenchyma cells, sclerenchyma cells and phloem rays. Therefore, precise
definitions about phloem elements in Lariz leptolepis must be done hereafter. The
results obtained will be described to be separated into two, that is, the development
of current growth increment and the maturatuion of sclerenchyma cells.

1. The development of current growth increment

Cambium and its vicinity in dormancy are shown in Photo 1. Flattened cells
at the middle in photo are dormant cambial cells. Cells at the upper are phloem
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elements which were produced in the previous growth period. And ones at the
bottom are last formed tracheids. The cambial cells show typically dormant ap-
pearance, i.e., their walls are very thick, and their cell contents are relatively
dense though plasmolysis occurs to some extent by FAA fixation. Among the
phloem elements at the upper of the cambium, there are almost rectangular sieve
cells (S) and round phloem parenchyma cells (P). And phloem ray cells are also
observed, but their cell contents are not found because of cutting their walls.

Cambium just before the initiation of cell divisions is shown in Photo 2. Al-
though the cambial cells are still flattened and have thick walls such as those in
dormancy (Photo 1), and their cell contents appear to become more or less clear.
The shapes of one or two sieve cells adjacent to the cambium are very noticable.
Their radial diameters are remarkably larger than those in dormancy (Photo 1).
Since their walls are considerably thick, it is apparent that they are not cells which
are newly produced in this growth period. They seem to be cells which have
been produced near the end of the previous growth period, overwintered in im-
matured state and begin their enlargements prior to the initiation of cell divisions
in early spring. ABBE and CrarTs (1939) reported that in Pinus strobus one of
the first indications of growth in the spring was the enlargement of sieve tubes
which failed to complete their differentiation during preceding fall. And also in
other species such cells have been reported and their origins have been discussed
(Esau 1969).

As a result of the enlargement, the other sieve cells at the phloem side of
the enlarging cells become radially crushed. While, phloem parenchyma cells at
the same position are not influenced by the enlargement. It appears that the
crushed cells lose their function but the parenchyma cells maintain it.

In the lumina of the parenchyma cells, deposits are seen along the walls,
Although their appearances are not similar to those in dormancy (Photo 1), this
difference seems to result from sorts of fixatives used. At the right upper in photo,
a transparent squar is observed. This is the trace where crystal has been dropped
out. In Larizx decidua, the crystals were small and rectangular in shape and com-
posed of calcium oxalate (SRivasTava 1963, WATTENDORFF 1969).

Cambium immediately after the initiation of cell divisions is shown in Photo
3. Overwintered sieve cells are further enlarging and the other sieve cells are
more crushed. Parenchyma cells maintain to be round. As a result of the initia-
tion of cell divisions, many cambial cells which are newly formed are found. A
few thick tangential walls and many thin ones are distinguishable among them
of cambial cells. The thick walls seem to belong to the overwintered cambial cells
(Photo 1) and the thin ones to the new cambial cells which are formed by the
cell divisions of such overwintered cells. Most of the overwintered cells were
separated into four cells, so that there are three thin walls between two thick ones.
Since newly formed walls (or partitions) are always found in every overwintered
cambial cells, it appears that cell divisions in each cambial cell began at almost
same time in early spring. And then, the cambial cells which were separated into
four occur again cell divisions to become eight. In xylem formation, four of the
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eight cells continue cell divisions furthermore and the remainders four begin the
differentiation into tracheids (IMacawa and Isuma 1981). However such pattern
of phloem production has been not still clarified at least in Lariz leptolepis.

At this time, neither phloem nor xylem cells which begin their differentiatoni
{arrow) is found.

Cambium and its vicinity at about one month after the initiation of cell divi-
sions are shown in Photo 4. Flattened cells at the middle in photo are cambial
cells. In addition to the overwintered sieve cells, phloem cells and tracheids which
have been produced in this growth period begin the differentiation. Both differ-
entiating cells and cambial cells are regularly arranged in radial file.

In each radial file, seven or eight sieve cells after the initiation of the dif-
ferentiation are found. Some of them seem to complete their enlargement and
the remainders near the cambium are enlarging. Parenchrma cells adjacent to
the cambial cells are located. They have already contained deposits in their lumina
and are aligned in nearly continuous tangential band. Such bands of parenchyma
cells have been well known (Cuang 1954, SrivasTava 1963, Esau 1969).

At the xylem side of the cambium, several future tracheids begin their dif-
ferentiation. Most of them appear to be still enlarging and from no secondary
wall. At this time, the numbers of phloem cells after the initiation of the dif-
ferentiation may be slightly more or nearly same in comparision with those of
xylem cells. At first, pseudotransverse division may occur (arrow).

Developing phloem and cambium at about two month after the initiation of
cell divisions are shown in Photo 5. Cells between crushed cells at the upper and
flattened cambial cells at the bottom are current phloem cells, which are regularly
arranged in radial file. Both sieve cells and parenchyma cells are more increased
in number than in Photo 4. In each radial file, one parenchyma cell is located
every two or three sieve cells.

It is noticable that sieve cells are obviously variable in wall thickness. The
walls of three or four sieve cells including the overwintered cells are remarkably
thinner than those of sieve cells near the cambium. These thick walled sieve cells
appear to be more or less smaller in diameter than those of the thin walled sieve
cells far from the cambium. ABBE and CRAFT (1939) also mentiomed that in
Pinus strobus sieve tubes which differentiate during coocler, moisture part of the
year have slightly thinner walls and larger lumina than those found later. And
also, in sieve cells of Pseudotsuga menziesii (GRILLOSE and SmiTH 1959) or even

sieve tubes of Juglans regia (ScHaap and WiLson 1970), such morphological dif-
ferences were reported.

On the base of these observations, it may be considered that such sieve cells
which have thin walls and relatively large lumina are comparable to earlywood,
and thick walled and small ones to latewood. It is supposed that early sieve cells
complete their differentiation during May and late ones not begin to differentiate
till June.

At this time, however, differentiating future tracheids seem to be transitional
from earlywood to latewood, though they can not observed in Photo 5. There-
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fore, early or late sieve cells which are compared to those of tracheids seem to
disagree. with those of actural tracheids in regard to the time of the differentiation.
It is obscure why both do not coincide or why sieve cells proceeds ahead of tra-
cheids. It is presumed that occurrence of overwintered sieve cells may be one of
the significant factors.

Callose is found in some sieve cells at the upper in Photo 5 (arrows). Generally,
it is considered that sieve cells in which callose is accumulated lose their function
(ABBE and CRAFT 1939, Esau 1969). These cells are even crushed to some extent.

As mentioned by GRiLLOSE and SmitH (1959), phloem parenchyma cells are
rectangular or squar near the cambium, but gradually become enlarge and rounded
as a result of progression of their differentiation. Parenchyma cells can be disti-
guishable at extremely earier stage of the differentiation because of the occurrence
of depoisits (Photos 4 and 5).

Photos 6 and 7 are radial sections, in which each cambium is located at the
left of both photos. In Photo 6, axially long parenchyma cell (P) near the cambium
can be identified with certainty by the accumulation of dark substance. Since its
radial dimension is almost same as those of the cambial cells, it may be parenchyma
cell immediately after the initiation of the differentiation. Therefore, it is con-
sidered that such substance is accumulated prior to the enlargement. Perhaps, the
substance may be tanniferous or resinous materials. After the enlargement, trans-
verse divisions occur to become in strand (arrow in Photo 7). Similar proceeding

were found in the phloem parenchyma cells in Pseudotsuga menziesii by GRILLOSE
and SMITH (1959).

Almost matured parenchyma cells contain different types of deposits (Photos
8 and 9). In cross section, globe-like (a in Photos 8 and 9), mud-like (b in Photo
8), star-like (c in Photo 8), completely full (d in Photo 9) and incompletely full
deposits (e in Photo 9) are found. Most of them are highly osmiophilic except
for b. In addition to these deposits, relatively lower osmiophilic substances of which
the lumina are full are found (arrows in Photos 8 and 9). Many kinds of these
deposits may result from difference of the penetration of fixatives (OsO4) into
lumina. And also, highly osmiophilic deposits (a~e in Photos) seem to be different
in chemical composition from lower ones (arrows in Photos). Although these
composits seem to be composed of tanniferous or resinous materials (CHANG 1954,
GRILLOSE and SMiTH 1959, Srivastava 1963, Esau 1969), the identification did
not done in this study.

Phloem parenchyma cell which include deposit such as e in Photo 9 was
observed by an electron microscope (Photo 10). Large amounts of osmiophilic
substances in the central large vacuole in the lumen are remarkable. They are
isolated in the vacuole. And similarly osmiophilic granules are also located on the
tonoplast (arrows). In each small vacuole or on the tonoplasts, similar deposits or
granules are also observed. It is supposed that these deposits or glanules are
produced in the cytoplasm, migrated through the tonoplast and accumulated in the
vacuole. In the cytoplasm, mitochondria, endoplasmic reticulum and the other
organelles are found. Spherical bodies which are slightly osmiophilic seem to be
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lipid droplets.

Whole current growth increment almost near the end of growth period is
shown in Photo 11. Each cells are arranged very regularlly in radial file. The
round parenchyma cells which have different diposits are located almost every two
or four sieve cells in each radial file. The sieve cells are variable in wall thickness
as mentioned in Photo 5. Some of the sieve cells which differentiate in early
spring are curshed, and callose is abundantly accumulated in such cells. Some
tangential bands of the parenchyma cells are found, but ones which are not arranged °
in tangential band are alsc observed. In the lumina of parenchyma cells, starch
grains (arrows) in addition to deposits are also seen. Since cambial activity com-
pleted at the late of September or the early of October, this section (at the late
of September) shows an entire growth increment which has been produced in one
growth period. Current growth increment in Larix leptolepis can be regarded to
be relatively simple cellular structure or composition.

Fusiform ray is observed at the center in this section and the horizontal resin
canal is found in the upper part of it. Although this canal appears to be inter-
ruped near the cambium, resin canal runs actually through phloem, cambium and
xylem (Photo 12).

In slwoly growing trees, the current growth increment is extremely less formed
as shown in Photo 13. Total numbers of the cells in the current growth increment
is not reached to 10. In each radial file, only one parenchyma cell is located.
The parenchyma cells remain till rectangular and undifferentiaie to become rounded.
The walls of sieve cells are all thin and not variable in thickness. Thus early or
late sieve cells can not be distinguished as the case of normal current growth in-
cement (Photo 11). However, the sieve cells which have differentiated in early
spring are curshed, and callose is accumulated. As well as the current growth
increment, there are only several tracheids in the current growth ring, but early-
and latewood can be distinctly determined. In spite of being distinguishable be-
tween earlywood and latewood, such distinction is impossible in the current growth

increment. The reasons is obscure as the case of time lag between phloem and
xylem formation as mentioned earlier.

Therefore it is considered that the extent of the growth activity of tree
influences significantly on not only the xylem formation but also the phloem for-
mation. In phloem formation, its effects seem to occur quantatively and qualitatively
as mentioned above. Without relation to the extent of the growth activity, crushed
sieve cells which have callose is found as shown in Photos 11 and 13. Thus it is
possible to determine growth increments in the secondary phloem owing to these
crushed sieve cells. While, since callose may be temporary (Esau 1969), it is not
useful for the determination. In Pseudotsuga menziesii (GRILLOSE and SMITH
1959), Larizx decidua (SRivasTava 1963) and even Juglans regia (Scuaap and
WiLsoN 1970), growth increment or layers were practically determined.

On the base of the observations which have been described till now, the relation
between phloem and xylem cells was quantatively examined. In each specimen
throughout three growth periods, each total number of phloem and xylem cells
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after the initiation of the differentiation was counted. But it may be troublesome
to count the overwintered sieve cells, because they are not formed newly in the
growth period.
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Fig. 1. The relation between phloem and xylem production throughout
three growth periods. The vertical and horizontal axis indicate
‘respectively the numbers of phloem and xylem cells which
begin the differentiation. A black dot shows the specimen in
which latewood tracheids have produced.

The relation is shown in Fig. 1. It is obvious that the numbers of phloem
cells are proportion to those of tracheids. The regression line equation obtained
is as follows; Y=0.1 X+6.9. The correlation coefficient is 0.9. Y and X indicate
the numbers of phloem cells and tracheids respectively. According to this equation,
for example, while 100 tracheids are produced, only about 10 phloem cells are pro-
duced. This relation is always maintained in spite of the extent of growth activity.
As mentioned above, however, this equation is not satisfactory to be applied to
the case in which both phloem cells and tracheids undifferentiate. That is, in
dormancy it can not be applied. It seems to be very significant how incorporate
overwintered cells into such relation or the equation. GRILLOSE and SmitH (1959)
reported that during any one season, in Douglas fir there may be over 100 tracheids
produced in each tier as compared with only 10 to 12 phloem elements. And
they also described that in slowly growing trees the numbers are much lower but
the ratio is almost about same. And also, Esau (1969) introduced many studies
about the relation between phloem and xylem production. ‘

2. The maturation of sclerechyma cells

Although the seasonal development of current growth increment has been
described, it is not still enough to clarify the actual development of the secondary
phloem in Larix leptolepis. In Photo 14, three growth increments including current
one can be distinguished on the base of crushed cells (arrows). It is noticable that
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thick walled sclerenchyma cells are found in the two increments except for the
current one. Therefore it is considered that sclerenchyma cells are undifferentiated
in the year when they were produced but are differentiated in the next year.
Hereafter, the processes of the maturation of sclerenchyma cells are described.

Sclerenchyma cell immediately after the initiation of the differentiation is shown
in Photo 15. Cambial cells and enlarging parenchyma cells near it are found at the
right bottom in Photo 15. Several large cells above the parenchyma cells are sieve
cells which may correspond to earlywood. And, crushed cells above these sieve
cells are the boundary between the current increment and the previous one.

In the previous increment, more larger cell (arrow) than the surrounding cells
is found. This is a sclerenchyma cell just after the initiation of the differentiation.
Such cells could not be found in any specimens which were collected before the
late of May. Although it has been known that such sclerenchyma cells {or sclereids)
are not direct derivatives of phloic initials but are secondarily modified parenchyma
cells (Srivastava 1963, Esau 1969), the corresponding parenchyma cells could
not be identified in this study. Aeccording to GRILLOSE and SMITH (1959), in Oregon
future sclereids in Pseudotsuga mensiesii began to enlarge at about the middle of
May in 1955. ,

Photo 16 is the enlargement of Photo 15. The cell wall is not adequately
clear, but cytoplasm seems to be directly adhesive to the wall before the plasmolysis.
A large nucleus is found in the lumen. STERLING (1947) stated that the first indica-
tion of a sclereidal idioblast is the increased size of its nucleus. GRILLOSE and
SmrtH (1959) also mentioned that during the second year after they are differentiated,
some of cells in the phloem parenchyma strands lose much of the resins and tannins,
increase greatly in size, and differentiated as sclereids.

The sclerenchyma cells which begin the enlargement at the late of May continue
to enlarge furthermore radially and tangentially. Such enlargement results in the
displacements or the collapses of the surrounding sieve cells, except for parenchyma
cells (Photo 17). Secondary wall formation follows the enlargement of the scleren-
chyma cells. Seasonal process of the secondary wall formation is shown in Photos
17, 18 and 19, which were collected at the early of June, July and August respec-
tively. Even at the early of September, the secondary wall was not sufficiently
completed, though the section are not shown. The secondary wall continues to be
gradually formed till the late of September or the early of October, and the lumina
of the sclerenchyma cells become very narrow. The secondary wall formation of
the sclerenchyma cells advances very slowly throughout almost entire growth period
in which they begin the enlargement. Since the original cells, maybe parenchyma
cells, from which sclerenchyma cells are ‘secondarily derived have been produced
in the previous growth period, therefore, it may be considered that the scleren-
chyma cells need two growth periods for the maturation. In Pseudotsuga menziesii,
also, the deposition of the lamellae composing the thick secondary wall of a scle-
reid progressed very slowly (GRILLOSE and SmiTH 1959).

Generally, sclerenchyma cells are highly lignified (Cuanc 1954, MarTIN and
Crist 1970). In order to investigate the process of the lignification, only FAA
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fixed specimens were examined by an ultraviolet microscope (at 280 my in wave
length).. Glutaraldehyde-OsO4 fixed specimens can not be used absolutely for ultra-
violet microscopy, because such fixatives themselves absorb ultraviolet rays highly.

Photo 20 shows the lignifying walls of the sclerenchyma cells which are taken
by an ultraviolet microscope. The walls are still thin considerably, but the lignifica-
tion has already begun. Although examinations for the first initiation of the ligni-
fication in such cell were not done in this study, the lignification seems to sdvance
soon after the deposition of lamellae. In the left cell, the secondary wall can be
separated into three parts based on the extent of ultraviolet absorption. Since the
innermost portion adjacent to the lumen indicates little absorption, it is suggested
that the lignification has not still initiated. Outward this portion, there is another
one which indicate relatively weak absorption. The outermost portion shows high
absorption and occupies about two thirds of the secondary wall thickness. In this
portion, thus, the lignification seems to advance considerably or complete nearly.
And in the intermediate portion where the absorption is relatively lower, lignification
seems to advance actively. QOutward the outermost portion, there is a narrow
part, in which the absorption is most high. This appears to be compound middle
lamella or middle lamella itself. The walls of parenchyma cells which are shown
at the bottom in photo indicate no absorption except for the cell corner and the
middle lamella (or compound middle lamella).

Photo 21 shows considerably thickened wall of sclerenchyma cell which is
taken by an ultraviolet microscope. The secondary wall formation advances ex-
tremely to almost embed the lumen. The wall can be separated into three parts,
i. e., innermost, intermediate and outermost as in Photo 20. The outermost por-
tion in which absorption is high occupies more than four fifths of the entire second-
ary wall. And also the compound middle lamella or middle lamella itself indicate
most high absorption. In the outermost and the intermediate portion, a number
of thin layers which are arranged in concentric circles can be distinguished on
the base of difference in ultraviolet absorption. Since it has been known that the
wall of sclerenchyma cells are lamellate in structure (Esau 1969), these thin layers
seem to be lamellae. According to SrivasTAvA (1963), however, the lamellation
of sclereid walls were not conspicuous in Larixz decidua. On the other hand,
CHANG (1954) stated that sclereid like fibers in Lariz occidentalis show distinct
laminate layers in the secondary wall. If such difference of the absorption is directly
derived from those of lignin deposition, it is interested in order to elucidate the
lignification process. It may be assumed that the secondary walls of sclerenchyma
cells are unevenly lignified, in spite of even distribution in the secondary wall of
the tracheids (IMacawa et al. 1967). And also it may be considered that such
difference results from another factors, e.g., edge effect between each lamella. It
seems to be difficult to conclude distinctly only in this study and necessary to be
investigated furthermore by an electron microscope.

Although the differentiating process of the sclerenchyma cells has been con-
siderably clarified, they are variable in number in each growth increment. Photo
22 shows the previous growth increment in which there are extreme abundance
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of sclerenchyma cells. Many differentiating sclerenchyma cells are found. Some
of cells are even adhesive each other. As described by Cuanc (1954), generally
sclerenchyma cells occur sporadically in Lariz. Therefore, such case seems to be
rather rare, but the reasons are still obscure.

Photo 23 shows the increment which is the reverse to Photo 22. Three growth
increments, current, previous and two years ago, are found. In the two years
ago’s increment, sclerenchyma cells are sporadically located. But no cells are found
in the previous growth increment. Since this specimen was collected near the end
of the growth period, newly differentiated sclerenchyma cells outght to be found
in the previous increment. Nevertheless, sclerenchyma cells are not observed at
all in this increment. Because both current phloem and xylem increment are
extremely narrow, this tree seems to be severely suppressed in the current growth
period. Therefore, when trees are severely suppressed in the next growth period
after future sclerenchyma cells are produced, the differentiation of them may not
be initiated. Otherwise, it may be also considered that the cells from which scle-
renchyma cells are secondarily derived have not been produced in the previous
year. However, it may be unreasonable to assuem so, because sclerenchyma cells
are apparently located in the two years ago’s increment. Thus, in this paper, it is
considered that future sclerenchyma cells do not begin the differentiation when
the tree is severely suppressed. But it is obscure whether a number of sclerenchyma
cells differentiate when growth is very accelerated.

In this paper, the term “sclerenchyma cell” has been always used. As men-
tioned earlier, it has been discussed whether sclerenchyma cells in Lariz are fibers
or sclereids, and thus the terminology has been confused to be used. SHIMAKURA
(1936) called the sclerenchyma cells in Lariz Kaempferi and L. dahurica “fibrous
scleotic cells”. CHANG (1954) also termed those in Larix occidentalis “sclereid-like
fibers”, and regarded them as a intermediate group between typical sclereids and
fibers. On the other hand, refering to CHANG, SrRivasTava (1963) called those
in Larix decidua “sclereids”, and emphasized that the term “fiber” should not be
used to describe them. He stated that the term “sclereid” denotes cell types that
are not direct derivatives of phloic initials but are secondarily modified parenchyma
cells. Esau (1969) also introduced that one of the evidences for the distinction
between sclereid and fiber is based on the different processes of their differentiation.
However, she also added that such evidence has not been completely established
but some exceptions have been occasionally reported. According to Hirar (1941),
“Bastfasern” or “bastfaserihnliche Steinzellen” in Larix Kaempferi were about
1.5mm in length. It is considered that they are relatively long cells. MaRrTIN
and CrisT (1970) defined briefly that fibers are long and sclereids short.

Therefore, it appears to be unsatisfactory to term the sclerenchyma cells in
Larix leptolepis “sclereids”, only on the base of the differentiation. Because, the
cell shapes are completely neglected, though the matured sclerenchyma cells in
Larix leplolepis were not examined in this study. In order to determine the most
suitable term, it seems to be necessary to investigate on the cell shapes of the
matured sclerenchyma cells in Larix leptolepis.
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Seasonal Development of the Secondary Phloem in Larix leptolepis (IMAGAWA)

Photo

Photo

Photo

Photo

Photo

Phof;)

Photo

Explanation of Photographs

Cambium and its vicinity in dormancy. In the previous growth increment
above the flattened cambial cells, sieve cells (S) and phloem praenchyma
cells (P) are shown. Collected at the early of November in 1976.

Cambium just before the initiation of cell divisions in early spring. One
or two sieve cells adjacent to the cambium are radially enlarging. The
trace where crystal has been dropped out is shown (arrow). Collected at
the late of April in 1978.

Cambium immediately after the initiation of cell divisions. Thick tan-
gential walls belong to the overwintered cambial cells, and thin ones to
the newly formed cambial cells. Cambial ray cell begins the division
(arrow). Collected at the early of May in 1978.

Cambium and its vicinity at about one month after the initiation of cell
divisions. Differentiating phloem and xylem elements are seen. Phloem
parenchyma cells have already contained deposits in their lumina. Pseudo-
transverse division occurs (arrow). Collected at the late of May in 1978.

Developing phloem at about two month after the initiation of cell divi-
sions. Sieve cells are apparently variable in wall thickness and diameter.
Callose is found (arrow). Collected at the middle of July in 1978.

Radial section of axially long parenchyma cell near the cambium. This
parenchyma cell (P) has already accumulated dark substances in the lumen.
Collected at the early of June in 1978.

Radial section of differentiating parenchyma cells. Transverse division
occurs (arrow) after the deposition and the enlargement. Collected at the
early of June in 1978.

Photos 8. and 9.  Different types of the deposits in the parenchyma cells. Glove-like

Photo

Photo

Photo

Photo

10.

11.

12.

13.

(a), mud-like (b), star-like (c), completely full (d) and incompletely full
deposits (e¢) are found. Relatively lower osmiophilic subustances (arrow)
are also seen. Collected at the middle of June in 1978.

Electron microscopical observation of phloem parenchyma cell. Osmio-
philic substances are seen in the large or small vacuole. On the tonoplasts,
osmiophilic granules are located (arrows). Collected at the late of June
in 1978.

Current growth increment near the end of growth period. Each cell is
arranged regularlly in radial file. In each file, one parenchyma cell is
located every two or four sieve cells. Starch grains are seen (arrows).
Collected at the middle of September in 1978.

Cross section of the horizontal resin canal. Canal runs through the
phloem, cambium and xylem. Collected at the middle of November in
1978.

Narrow current growth increment.. Numbers of cells in both current
growth increment and ring are remarkably less. Crushed cells and callose
are observed. Collected at the late of October in 1974,
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Photo 14. Three growth increments including current one. Each one is distingushed
by the crushed cells (arrows). Thick walled sclerenchyma cells (S) are
located in the two increments except for the current onme. Collected at
the early of November in 1978.

Photo 15. Sclerenchyma cell immediately after the initiation of the differentiation.
More larger cell (arrow) than the surrounding cells is a enlarging scleren-
chyma cell. Collected at the late of May in 1978.

Photo 16. The enlargement of Photo 15. Large nucleus is found in the lumen.

Photos 17, 18 and 19.  Seasonal process of the secondary wall formation of scleren-
chyma cells. Collected at the early of June, July and August in 1974.

Photo 20. Ultraviolet microscopical observation of differentiating sclerenchyma cells.
The secondary walls are still thin, but the lignification has already begun.
The secondary wall can be separated into three parts based on the extent
of ultraviolet absorption. Collected at the late of June in 1974.

Photo 21. Ultraviolet microscopical observation of the thickened wall of the scleren-
chyma cell. The secondary wall formation advances to almost embed the
lumen, and it can be also separated into three parts. Many thin layers
in concentric circles are observed in the secondary wall. Collected at the
late of September in 1974.

Photo 22. Many sclerenchyma cells in the previous growth increment. An abundance
of differentiating sclerenchyma cells are found. Collected at the middle
of July in 1978.

Photo 23. Three growth increments (current, previous and two years ago). Scleren-
chyma cells are not found at all in the previous growth increment.
Collected at the early of November in 1976.
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