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Summary

This is a preliminary report on the possibility of using the scanning electron micro-
scope (JSM-2) for cytological examination of heartwood formation. The tree species
used in this experiment were Abies sachalinensis Fr. SCHMIDT, Lariz leptolepis GORDON,
Quercus crispula BLUME and Tilia japonica Simx. The method of specimen preparation
is as follows: (1) fixation of fresh tissues, (2) washing in running water, (3) section
preparation with a microtome, (4) dehydration in a desiccator, (5) coating the surface of
the section with a thin gold layer by vacuum evaporation, and (6) examination of the
section by scanning electron microscopy with the surface of the section at a 45° angle.
Photographs which were obtained in this way are shown in photograpns 1-38.

There are still many unsolved problems in this method of specimen preparation but
these preliminary experiments have already produced some interesting results. A sum-
mary of these results is as follows:

1) Cell substances and organelles are observed as dehydrated residue on the inner surface
of ray parenchyma cells.

2) Nuclei which are high in activity have a plate-like form because of the loss of nuclear
sap. As a result of the collapse of the nucleus, the nuclear membrane occurs in folds.
In coniferous trees, tubular, cisterna-like endoplasmic reticulum (ER) extends from these
folds of the nuclear membrane. In broad-leaved trees, ER extends from the spindle axis

of the fusiform nucleus.
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3) Nuclei which are low in activity (inner sapwood or intermediate wood) are assumed
to retain their original form, that is, there is no collapse and no loss of nuclear sap.
There is little folding of the nuclear membrane and little elongation as ER.

4) Numerous amyloplasts containing starch granules can be seen in sapwood. They
have a smooth membrane and take different forms depending on the number and size
of the starch granules. Elaioplasts and aleuroplasts are not identified in this report.

5) Tubular ER can be observed in lace-like and thread-like forms, junction of ER tubules
were mostly the vesicular type.

6) Cisterna-like ER, mitochondria and Golgi bodies are not identified in this report.
"7) The ground substances of the cytoplasm appeared occasionally as a bubble-like gel
substances. ’

8) Heartwood substances appear as mud-like, layered, membranous, lumpy residues.
These differences may be caused by differences in the quantity of substance and by
transfer from adjacent cells.

9) As a result of the experimental facts mentioned above, two types can be postulated.

One type can form the heartwood substance by itself and the other type can not form
the heartwood substance.

Explanation of Photographs

Photographs from 1 to 37 show the radial planes and 38 shows the transeverse (cross)
plane through the scanning electron microscopy. Photograph 39 shows the radial plane
through the light microscopy.

Photo 1. Nuclei in ray parenchyma cells of the outermost sapwood of Abies sachalinensis. Since
ray cells have been cut obliquely, a part of nucleus is presented under the cell wall.
In the above cell, an amyloplast (starch granule) and other organelles can be seen on
the inner surface of the wall. X 3,000.

Photo 2. Enlargement of photo 1. Surface of the nucleus (nuclear membrane) has numerous
folds which might be caused collapse. Lace-like and tubular organelles linked to the
surface of the nucleus may be considered as ER. X 6,000.

Photo 3. Entire nucleus in a ray parenchyma cell of the outermost sapwood of Abies sachalinensis.
This elongated nucleus measures about 35 micron in length. Horizontally, tubular ER
adheres to cell wall. A number of the amylopasts can be seen in the cell. X 3,000.

Photo 4. Inside of nucleus in ray parenchyma cell of the outermost sapwood of Abies sachali-
nensis. Grain-like contents may be considered as chromatin or chromosome. Nuclear
sap had lost completely during the drying treatment, so that, the spaces are seen
between these contents. X 10,000.

Photo 5. Nucleus treated by the easy Freeze-Drying method in ray parenchyma cell of inner
part of sapwood of Abies sachalinensis. Large pores (about 0.5 micron in diameter)
are seen in the smooth surface. It is obscure whether these pores are true pores in
nuclear membrane or artifacts. Non-protoplasm adheres to wall. x 6,000.

Photo 6. Organelles in ray parenchyma cells of the outermost sapwood of Abies sachalinensis.
Tubular organelles adhered to the wall may be considered as ER. Other vesicles are
unconfirmed and obscure. X 3,000.
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Organelles such as ER, mitochondria, golgi body and others in ray parenchyma cell of
the outermost sapwood of Abies sachalinensis. X 10,000. Enlargement of photo 6.

Residues of the organelles in ray parenchyma cell of the outermost sapwood of Abies
sachalinensis. X 10,000.

Nucleus in ray parenchyma cell of the outermost sapwood of Abies sachalinensis. ER
linked to nucleus can be seen. X 10,000.

Cell contents and ground substance of cytoplasm treated by the easy Freeze-Drying
method in ray parenchyma cell of inner part of sapwood of Abies sachalinensis. Con-
sequently, ground substance of cytoplasm appeared in bubble-like gel substance. X 6,000.

Contents in ray parenchyma cells of the inner part of sapwood of Larix leptolepis.
Numerous amyloplasts, nucleus (above cell) and other organelles can be seen. X 2,000.

Enlargement of photo 11, above cell. Surface of nucleus is smooth relatively. X 6,000.

Nucleus, amyloplasts and other organelles in ray parenchyma cell of inner part of
sapwood of Larix leptolepis. X 3,000.

Nucleus (above right) and organelles in ray parenchyma cell of inner part of sapwood
of Larix leptolepis. Organelle from nucleus may be considered as cisterna-like ER (?)
adhered to cell wall. X 6,000.

Amyloplasts in ray parenchyma cell of inner part of sapwood of Larix leptolepis. Some
may be considered as a dissolution of starch granules. X 6,000.

Fusiform nucleus in ray parenchyma cell of the outermost sapwood of Quercus crispula.
X 6,000.

Plasmalemma in ray parenchyma cell of the ocutermost sapwood of Quercus crispula.
Amyloplasts and other organelles are enveloped with plasmalemma. X 3,000.

Plasmalemma in ray parenchyma cell of the outermost sapwood of Quercus crispula.
A large grain (left) is not identified in this paper. X 6,000.

Amyloplasts in ray parenchyma cell of the outermost sapwood of Quercus crispula.
Starch granules (above cell) are supposed to be dissolved partly. Some organelles on
starch granules (under cell) can be seen. X 2,000.

Fusiform nucleus in ray parenchyma cell of the outer part of sapwood of Tilia japonica.
Nuclear membrane (supposed ER) projected from both ends of it. X 3,000.

Nucleus, ER from nucleus and other organelles in ray parenchyma cells of the outer

part of sapwood of Tilia japonica. X 3,000.

Oval nucleus in ray parenchyma cell of the innermost sapwood of Abies sachalinensis.
Because collapse of nuclear membrane can be seen little, nucleus would retain their
original form. x 3,000.

Oval nucleus in ray parenchyma cell of the innermost sapwood of Abies sachalinensis.
X 6,000.

Nucleus in ray parenchyma cell of the innermost sapwood of Abies sachalinensis. This
nucleus with remarkable collapses may be considered that it retains activity. X 5,000.

A part of nucleus in ray parenchyma cell of the innermost sapwood of Abies sachali-
nensis. Collapses can be seen. X 10,000.

Nucleus in ray parenchyma cell of the innermost sapwood of Abies sachalinensis. Oval
nucleus and smooth cell wall (lumen side) can be seen. X 6,000.
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Heartwood substance in ray parenchyma cell of heartwood of Abies sachalinensis. Thick
layered and lumpy residues of heartwood substance can be seen on the cell wall. X 3,000.

Mud-like substance of heartwood in ray parenchyma cell of heartwood of Abies sachali-
nensis. This layered residue cracks in various directions. Pits are covered with it.

X 6,000,

Earlier stage of transfer development of heartwood substance in ray parenchyma cell
of heartwood of Larix leptolepis. Heartwood substance appears to move through the
pits from the adjacent ray cell. X 3,000.

Later stage of transfer development of heartwood substance in ray parenchyma cell of
heartwood of Larix leptolepis. As more heartwood substance transfers, it will become
the layer (mud-like layer). X 3,000.

A little mud-like residue of heartwood substance in ray parenchyma cell of heartwood
of Larix leptolepis. X 3,000.

Membranous residue of heartwood substance in ray parenchyma cell of heartwood of
Lariz leptolepis. x 3,000.

Transfer development of heartwood substance in ray parenchyma cell of heartwood of
Quevcus crispula. Appearance of movement through the pits can be seen. X 3,000.
This photograph corresponds with photo 39 through the light microscopy.

Transfer development of heartwood substance in ray parenchyma cell of heartwood of
Quercus crispula. X 6,000.

Heartwood substance layer and cell wall in ray parenchyma cell of heartwood of
Quercus crispula. X 3,000.

Large cracks of mud-like heartwood substance in ray parenchyma cell of heartwood of
Quercus crispula. X 5,000.

Bubble-like appearance of heartwood substance in ray parenchyma cell of heartwood
of Tilia japonica. X 3,000.

Mud-like heartwood substance with cracks in ray parenchyma cell of heartwood of
Tilia japonica. x 3,000.

Transfer development of heartwood substance through the pits, from one cell with it to
another cell without it of heartwood of Quercus crispula. Heartwood substance is
stained with safranine. X 3,000. (Light microscopy)
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