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Cellular Anatomy of Compression Wood and Opposite Wood
in a Branch of Taxodium distichum Rich '
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ABSTRACT

Compression wood and opposite wood formed in a branch of Taxedium distichum Rich. is described and
compared in qualitative and quantitative anatomical aspects. The qualitative features of compression wood
appeared to differ from those of opposite wood in very gradual tracheid transition from earlywood to
latewood, roundish tracheid shape on cross surface, tracheid tip distortion on radial surface, and existence of
intercellular spaces and helical cavities. In quantitative features, compression wood tracheids showed shorter
lengths than opposite wood. The ray density and the number of uniseriate rays were greater in compression
wood than in opposite wood but the height of uniseriate rays in compression wood was smaller than in opposite

wood.
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INTRODUCTION

As a rule, the inclined stems and branches of
gymnosperms simultaneously form well-developed
compression wood on the lower part and surpressed
opposite wood on the upper part, and this eccentric-
ity of radial growth might be caused by the result of
growth hormones redistribution through the action
of gravity (Onaka, 1949 ; Yamaguchi et al., 1983).

Compression wood is readily recognized as its
reddish-brown color from surrounding tissues and
occurs in Ginkgoales, Coniferales, and Taxales
among the gymnosperms (Timell, 1986) . Most of its
anatomical features have been thoroughly investigat-
ed by many researchers. Despite coexistence of
opposite wood with compression wood, however,
less studies have been concentrated on the opposite
wood or comparison of this opposite wood with
compression wood.

Many studies on anatomical differences were re-
ported between compression wood and opposite
wood (Timell 1973, 1986 ; Park et al. 1979, 1980 .
Yoshizawa 1987 ; Lee and Eom 1988 ; Chung and Lee
1989) and normal wood was considered an intermedi-
ate between compression wood and opposite wood
(Timell 1973).

This paper offers an anatomical coniparison in
qualitative and quantitative features between com-
pression wood and opposite wood in a branch of
Taxodium distichum Rich. according to the degree of
compression wood based on growth eccentricity.

MATERIAL AND METHODS

The compression wood and opposite wood were
obtained from the first branch of Taxodium disti-
chum on the campus of the College of Agriculture,
Seoul National University, Suwon. The respective
three discs(B,, B, Bs) were taken at 20cm interval
along the branch direction from branch base. And
cross, radial, and tangential sections of compression
wood and opposite wood were mounted onto perma-
nent slides following general laboratory techniques
(Japan Wood Research Society 1985, Berlyn and
Miksche 1976) .

In the quantitative analysis the lengths of 200
randomly macerated tracheids were measured using
an optical bench comparator. The ray density, the
number of rays per mm on cross surfaces and the
number of uniseriate rays on tangential surface per
square millimeter were counted in 30 randomly
selected parts. And the height of 100 randomly
selected unseriate rays in number of cells were
measured in tangential sections.

The observation and photomicrography were
made from the prepared permanent slides by Axios-
kop Routine microscope, D-7082 Oberkochen, Carl
Zeiss, West Germany.

For scanning electron microscopy, cross and
radial surfaces were prepared through the procedure
used in permanent slide preparation for light micros-
copy. The sections were left air-dried on a filter
paper and mounted on specimen stubs with double
-coated adhesives tape. Then the specimens were
gold-coated in Polaron Autocoating Unit E 5200 and
finally examined with a Cambridge Steroscan 250
Mark II microscope at an accelerating voltage of 10
kV.

RESULTS AND DISCUSSION

The degree of compression wood based on growth
eccentricity decreases with increasing the distance
from its base of the sampled branch(Table 1) as
found in our previous study (Chung and Lee, 1989) .

The tracheid transition from earlywood to lat-
ewood is very gradual in compression wood but
abrupt in opposite wood(Fig.1) and thus demarca-
tion between earlywood and latewood appears more
ambiguous in compression wood, Timell (1973, 1986)

Table 1. Percentage of compression wood and
eccentricity of the sampled discs.

Disc Number 1 2 3

Percentage of

Compression 51.2 46.3 37.0

Wood (%)

Eccentricity (%) 160 135 70
_b—a

Note : Eccentricity (%) =

X100
a

where a . short radius, b : long radius.
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Fig. 1. Cross surfaces of Taxodium distichum Rich.
showing very gradual tracheid transition
from earlywood to latewood in compres-
sion wood (A) and abrupt in opposite wood
(B)

and Lee and Eom(1988) reported that the tracheid
transition was abrupt in opposite wood but very
gradual in compression wood. The compression
wood tracheids, when viewed on cross surfaces,
disclose roundish outlines except for the vicinity of
growth ring boundary (Fig.2 and 3) as mentioned by

Fig. 2. Cross surface of compression wood showing
the round, thick-walled tracheid and inter-
cellular spaces(IS). Arrow heads point at
helical checks . arrow indicates a thin strip
of lignified material .

Fig. 3. Cross surface of compression wood tracheid
showing more or less square and rectangu-
lar shapes in earlywood(EW) and lat-
ewood (LW) at the growth boundary. Note
no helical cavity and intercellular space.
Arrow indicates a bordered pit. Scanning
electron micrograph.

Cété et al.(1967) and Yoshizawa(1987), but oppo-
site wood tracheids showed more or less square and
rectangular shapes in earlvwood and latewcod,
respectively (Fig.4) . In the comparison of opposite,
normal, and compression wood, the outlines of tra-
cheids were reported as square or rectangular in
opposite wood, angular in normal wood, and round
in compression wood by Timell {1973, 1986) .
Intercellular spaces caused by the roundish shape

of tracheids are numerous in compression wood

Fig. 4. Cross surface of opposite wood showing
square and rectangular shapes of tracheid.
R indicates ray. Scanning electron micro-
graph.
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except for vicinity of the growth ring boundry but
are absent in opposite wood(Fig.2,3 and 4). Inter-
cellular spaces are knnown to be present frequently in
Pinus, and
FPsendotsuga (Timell 1981, 1986) . Although the inter-

cellular spaces may be of a useful diagnostic feature

compression wood of Larix, Picea,

of compression wood, Butterfield and Meylan
(1980}, McGinnes and Phelps(1972;, and Core et al,
(1979} reported that caution must be exercised, for
such longitudinal spaces also occur in normal wood
of some coniferous genera such as Agathis, Araucar-
ia, and Juniperus.

Helical cavities covered with sporadic warts are
observed only in earlywood and latewood tracheids
of compression wood(Fig.5) as found in Timell’s
report (1981) . The formation of helical cavities has
been a subject of considerable controversy for many
yvears(Wardrop and Davies 1964, COté et al. 1968,
Timell 1979, 1986) but not clarified as vet.

Occasionally distorted tracheid tips occur in the
contact area with rays in well-developed compres-
sion wood(disc B, and B,) but are not found in
weakly-developed compression wood(disc Bs) and
opposite wood (Fig.6)
report (Chung and Lee, 1989) . This tracheid distor-
tion was irdicated as one typical feature of compres-
sion wood by Onaka(1949) and Wardrop and Dad-
swell (1952 and believed to be caused by sliding or

similarly to our previous

intrusive growth by Timell(1981) and Yoshizawa
{1987) .

,’ N “”ﬁ,
<,
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Fig. 5. Radial surface showing helical cavities cov-
ered with sporadic warts in compression
wood tracheid. Scanning electron micro-
graph.

Fig. 6. Radial surface of compression wood show-
ing tracheid tip distortion.

In quantitative features, tracheid lengths of com-
pression wood are shorter than those of opposite
wood(Fig.7) and their length in compression wood
and opposite wood become larger with transition
from lower to higher growth eccentricity. Shelbour-
ne and Ritchie(1968) indicated that tracheid length
of normal wood was greater than that of compres-
sion wood with an inverse relationship with compres-
sion wood intensity. Timell(1973) reported that the
tracheids were relatively long in opposite wood,

short in compression wood, and intermediate in
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Fig. 7. Changes in tracheid length along disc num-
ber.
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Fig. 8. Changes in ray density along disc number.

normal wood. Park (1984, also found that the length
of latewood tracheids increased slightly from the
compression wood side toward the lateral sidé but
decreased thereafter to the opposite side in periph-
eral positions.

The ray density per mm in compression wood is
more larger than that in opposite wood but the
difference reduces with inverse intensity of growth
eccentricity (Fig.8) . The number of uniseriate rays
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Fig. 9. Changes in number of uniseriate ray along
disc number.
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Fig. 10. Changes in height of uniseriate ray along
disc. number.

per mm? in tangential surfaces (Fig.9) is larger in
compression wood than in opposite wood and shows
similar trends to the ray density. The difference of
uniseriate ray heights between compression wood
and opposite wood gradually increases with the
intensity of growth eccentricity (Fig.10). Verrall
(1928) determined that rays were more frequent and
considerably higher in compression wood than in
normal wood, and Timell(1972) reported that the
larger number and size of the rays occasicnally
observed in compression wood might be associated
with rapid growth characteristics of this wood.
Gregory and Romberger (1975) also pointed out that
the number of rays were more frequent in compres-
sion wood and Lee and Eom (1988) reported that the
uniseriate rays in compression wood were more
numerous and higher than in opposite wood. The ray
height in this study appear to be different from the
results of Verrall (1928), Timell{1972), and Lee and
Eom (1988) but accordant with the observation of
Chung and Lee(1989) .

CONCLUSIONS

Anatomical comparison between compression

-wood and opposite wood formed in a branch .of

Taxodium distichum Rich. was investigated.
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In the qualitative features, the tracheid transition
from earlywood to latewood in compression wood
was more gradual than in opposite wood, which
made demarcation between earlywood and latewood
in opposite wood easier than in compression wood.
When viewed on cross surfaces, the shape of tra-
cheids was generally round in compression wood
differently from the respective square and rectangu-
lar shapes in earlywood and latewood of opposite
wood. Intercellular spaces, distorted tracheid, and
helical cavities were observed only in compression
wood.

In quantitative features, compression wood tra-
cheids showed shorter lengths than opposite wooed.
The ray density and the number of uniseriate rays
were more greater in compression wood than that in
opposite wood. But the height of uniseriate rays in
compression wood was smaller than that in opposite

wood.
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