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Maturing process of ray parenchyma cells of Genus Pinus varies with Haplo­
xylon, Diploxylon having pinoid pits and Diploxylon having window-like pits in a 
cross-field.1,2,28,24,) The ray parenchyma cells of Diploxylon pine having pinoid pits 
are subdivided into two types, thick-walled and thin-walled ones6,8, 18, 14, 16,23) accord­
ing to difference of maturing process. One type of parenchyma has thin and un­
lignified wall through the sapwood, and then is lignified without wall thickening 
in the sapwood/heartwood boundary. The other type of parenchyma has thin and 
unlignified wall in the outer sapwood, but it is then thickened and lignified, and 
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soon dies in the inner sapwood. 
The maturing process of ray parenchyma cells with aging is revealed from 

the cambium to the heartwood, but their seasonal development remains unexplained. 
In the previous paper24), the seasonal development of cell wall thickening and ligni­
fication was observed considering the difference between uniseriate rays and radial 
resin canal tissue in Pinus strobus, one of Haploxylon pines. 

The object of the present study is to investigate the seasonal development of 
the ray parenchyma cells in addition to the aging effect in P. banksiana, one of 
Diploxylon pines, having pinoid pits, using ultraviolet microscopy. 

Materials and methods 

A sample tree was selected to remove increment cores for this study from 
a plantation in Hokkaido University College Experiment Forest, Tomakomai. It 
was 58 years old, 16 m high, and 25 cm in diameter at breast height. Width and 
number of the rings of the sapwood were about 50 mm and 25 rings or so, respec­
tively. The increment cores were obtained at breast height once in the middle of 
every month from May to November 1976. The cores were immediately fixed in 
F. A. A. or glutaraldehyde fixative, and embedded in methylfbuthyl methacrylates. 
Radial and tangential longitudinal sections of 0.5 f1ITl thickness were cut with a 
diamond knife on an ultramicrotome. Observations of sections were made under 
an ultraviolet microscope at a wavelength of 280 nm (band width: 5 nm). 

Results 

1. Uniseriate rays 

In about the thick-walled parenchyma cells, the existence of ray parenchyma 
cells being in the middle stages of wall thickening and lignification was investigated 
over the samples of every month to know when secondary wall formation oc­
curred. Progressing of the secondary wall formation was judged from whether 
these cells were on the middle stages or concrete stage of the wall thickening and 
lignification. Only in September, living parenchyma cells with thickening and lig­
nifying walls were found in the inner sapwood, 25-46 mm inward from the cam­
bium (Photo 1), but not in the sapwood/heartwood boundary, 50 mm from the 
cambium. On the other hand, the parenchyma cells of this kind were not ob­
served in the other months (Photo 2). In other words, all thickened parenchyma 
cells in the sapwood had died without exception. Therefore it was suggested that 
thin-walled parenchyma cells (Photo 3) of P. banksiana were thickened and ligni­
fied in September, in the sequel they became thick-walled ones. And these thick­
walled parenchyma died soon after the completion of secondary wall formation. 

Remained thin-walled parenchyma cells in the sapwood (Photo 3), which showed 
UV-absorption first on the intercelluler layer of cell corners and then overall the 
primary wall (Photo 4) and finally died in the sapwood/heartwood boundary (Photo 
5), were looked over on every month's sample. Many of them tended to be found 
in the latewood. In this case, it was difficult to take up the transition just from 



Cell Wall Development of Ray Parenchyma in Genus Pinus (YAMAMOTO et aZ.) 453 

the living parenchyma cell to dead one. Therefore, there was little indications to 
suggest in what seasons these thin-walled parenchyma cells were lignified and/or 
infiltrated with polyphenols and died. 

Bordered pit aspiration and deposition of phenolic compounds that were related 
to the aging of ray parenchyma, were found in rather outer part from the sapwood/ 
heartwood boundary (about 15 mm outside from the sapwood/heartwood boundary) 
(Photo 6). 

2. Radial resin canal tissue 

In the radial resin canal tissue, maturation of the uniseriate portion differed 
from the multiseriate portion, showing that the parenchyma cells of uniseriate por­
tion took the same maturing process as the parenchyma of uniseriate rays. While 
parenchyma cells and epitherial cells of multiseriate portion were unthickened and 
unlignified through the sapwood (Photo 7). In the sapwood/heartwood boundary 
these unlignified cells in multiseriate portion died, indicating UV -absorption in their 
walls without secondary wall thickening (Photos 8 and 9). 

In August and September, it was difficult to detect death of the parenchyma 
cells in the heartwood transition, although the many cells showed the middle stages 
of UV-absorption (Photo 8). A boundary between living and dead cells was fairly 
clear except in August and September, suggesting no change of living cell into 
dead one (Photo 9). Therefore, parenchyma cells of multiseriate portion, especially 
epitherial cells of radial resin canal tissue, would die suddenly in the sapwood/ 
heartwood boundary between August and September. 

Discussion and conclusions 

The ray parenchyma cells in Haploxylon pines and Diploxylon pines having 
window-like pits die almost simultaneously in the sapwood/heartwood boundary. In 
P. strobus (Haploxylon) all ray parenchyma cells which had been thickened and 
lignified already near the cambium, die simultaneously in the heartwood transition. 
In P. densiflora (Diploxylon) ray parenchyma cells in the earlywood having thickened 
lignified walls through the sapwood and those in the latewood having thin and 
unlignified walls in the sapwood, also die almost together in the heartwood transition. 
However, in P. banksiana in the present report, thickened lignified dead parenchyma 
cells increase in their number gradually through the inner sapwood, and remained 
living cells die almost together in the heartwood transition. The ratio of dead 
parenchyma cells to living parenchyma cells was about 1 to 2 through the inner 
sapwood. Thickened parenchyma cells in P. banksiana were found not only in 
the position adjacent to ray tracheids but in the position remote from the ray 
tracheids. 

This inner sapwood region may be reckoned as "intermediate wood" based 
upon the presence of some dead parenchyma and aspirated or incrusted bordered 
pits. The width of the "intermediate wood" in this sample tree amounted almost 
to half of the sapwood width. 

Necrosis of the thick-walled parenchyma cells of P. banksiana took place 
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throughout the "intermediate wood" in September. This corresponds with the 
information which heartwood formation may occur during the final stage of tree 
growth season,t°,12) but not with the reports of HARRIS (1954)9), SHAIN et al. 
(1973)20,21), NELSON (1978)17). Harris reported that the transition zone of P. radiata 
became evident in late winter and disappeared in late spring or early summer. 
SHAIN et al. and NELSON stated that dormant season was a time of major heart­
wood formation in P. radiata monitoring ethylene production and respiratory ac­
tivity, and in walnut and cherry monitoring ethylene production and phenol-oxidizing 
enzyme activities respectively. We suppose these variances are probably due to the 
difference of seasonal growing pattern or the presence of real dormancy. It is 
important to make clear effect of different provenances using same species. 

On the other hand, it was not confirmed when remained thin-walled parenchy­
ma died because the middle stages of their death were difficult to detect. 

Aspiration and deposition of phenolic compounds in bordered pits of tracheids 
which caused the decrease of permeability characterizing the heartwood,16) occurred 
in the "intermediate wood" stated above, rather outer part from the heartwood 
boundary. They took place simultaneously in contrast with unevenness of the 
maturation of each ray parenchyma cell. Many studies were conducted concerning 
the origin of phenolic compounds, and the connection between phenolic substances 
of pit membranes and those of parenchyma cells4,19). FENGEL (1970)6) considered 
from electron microscopic observations in P. sylvestris that the heartwood forming 
compounds within parenchyma cells were passed from the parenchymous pit mem­
branes through the middle lamellae to the bordered pits and from there into the 
tracheid lumina. PARAMESWARAN and BAUCH (1975)19) studied the development and 
localization of phenolic compounds of Abies alba using electron microscopy and 
UV-microspectrophotometry, and stated that there was no indication to suggest 
that the polyphenols in the cell wall of heartwood were either derived from or 
identical with the phenolic substance in the lumina of ray cells. In this study, 
the relation between phenol deposition of the bordered pit membranes and lignifica­
tion of parenchyma cell walls could not be found. 

The transformation of sapwood into heartwood are generally characterized by 
the death of living parenchyma cells, the loss of starch, and an increase in the 
extractives content. Death of ray parenchyma cells of P. banksiana were observed 
in September in thick-walled ones, and from August to September in thin-walled 
ones of resin canal tissue. However, it was not clear when other thin-walled par­
enchyma died. Indeed, these cells occupied large amount of ray parenchyma tissue. 
Does the death of these cells occur either in certain season or in every time through 
the growth season? If former pattern is correct, death of parenchyma, i. e., heart­
wood formation will be assumed to be conducted exactly in certain controlled pro­
cess. The fact, some parenchyma cells remote far from the cambium in Genus 
Pinus make secondary wall thickening and lighification, indicates that the heartwood 
formation is considered to be a regular phenomenonS). On the other hand, in the 
latter case, heartwood formation is presumable to be a rather irregular pheno­
menon, for instance, parenchyma cells may die one by one with toxic phenolic 
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substances22) • 

Present authors consider that there are two modes in the heartwood formation. 
One pattern is the phenomenon of ray tissue, and the another is of individual cells, 
and they overlap each other. In the former case, death of ray parenchyma cells 
follows the controll system of ray tissue, occurring in a time of the latewood forma­
tion, accompaniedby the closure of pits and cell wall formation. In the latter case, 
death of cells follows a particular physiological condition of each cells, regardless of 
the season, as suggested by FUKAZA WA et al. (1970Y) and NOBUCHI et al. (1976)18). 

FUKAZA W A et al. noted that there were two types of ray parenchyma cells, one 
type could form the heartwood substance by itself and other type could not form 
the heartwood substance. NOBUCHI et al. stated that in the intermediate wood, the 
mode of the parenchyma cell contents were not homogeneous, therefore the start 
of the aging of the parenchyma cells seemed to be not simultaneous. 

It is important to make clear differences of function or activity of individual 
parenchyma cells in the intermediate wood, using methods such as autoradiography 
or electron microscopy. 
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Explanation of photographs 

Photo 1. A radial section from inner sapwood in September, showing a thickening 

and lignifying parenchyma cell (arrow). 

Photo 2. A radial section from inner sapwood in October, showing thickened and 

lignified parenchyma cells. 

Photo 3. A radial section from outer sapwood in September. 

Photo 4. A radial section from inner sapwood in November. 

Photo 5. A radial section from sapwood/heartwood boundary in September. Note that 

the distorted walls reveal in the lumina (arrow 1) and the residual of cyto­

plasm (arrow 2). 

Photo 6. A tangential section from inner sapwood in August, showing strong UV-

absorption on the tori and none on the pinoid pit membranes (arrow). 

Photo 7. A radial section from sapwood in September. 

Photo 8. A radial section from sapwood/heartwood boundary in September. 

Photo 9. A radial section from sapwood/heartwood boundary in November. Boundary 

of living epitherial cells into dead ones is definitive (arrow). 
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