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Anatomical Comparison between Compression Wood
and Opposite Wood in a Branch of Ginkgo biloba 1..*
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INTRODUCTION

Ginkgo biloba L., dated back to the Triassic of
210 million years ago,is one of the nldest still
existing trees on earth and then has heen of
greaf interest in anv attempt to trace the ori.
gin and evolution of compression wood in
gymnosperms(Timell 1986) As in the conif
ers. the inclined stem and branch of Ginkgs
biloba 1.. were known to form well-developed
compression wood{Lammermayr 1901 Rin.

ing 1925:0naka 1949: Timell 1978. 1983
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Yoshizawa e al. 1982)on the lower part and
suppressed opposite wood(Bonning 1925) on
the upper part.

The compression wood in Ginkgo biloba L. is
distinguished easily by its dark brown col-
or{Timell 1983) from surrounding tissues and
may be induced by the action of indoleacetic
acid(Onaka 1940) like the compression wood
of conifers. The anatomical features in com-
pression wood have been extensively investi-
gated(l.immermayr 1901; Boning 1925 Onaka

1949 Thmell 1978.1981 . 1983.1986: Yoshizawa
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et al. 1982) but those in opposite weod
or comparison of this opposite wood with
compression wood have not been of any
interest despite coexistence of opposite
wood with compression wood in  Ginkgo
hiloba L.

This study was carried out to offer an ana-
tomical comparison between compression
wood and opposite wood in a branch of Ginkgo
biloba L., a species hitherto not studied in this

respect.

MATERIAL AND METHOD

The compression wood and opposite
wood(Fig.1) were obtained from a branch of
Ginkgo biloha L. and. their subdivided blocks of
1 to 1.5cm’ sizes were immediately softened
in water in an autoclave. Cross, radial, and
tangential sections of 20 to 30 #m thickness

were cut with a sliding microtome from the

Fig.l. Compression wood(CW) and opposite
wood(OW) in the hranch of Ginkgo
bitoba 1.

subdivided blocks and permanent slides were
prepared following general laboratory techni-
ques(The Japan Wood Research Society
1985). The observation and photomicrogra-
phy of each tissue were conducted with Ax-
1oskop  routine microscope, Carl Zeiss.
D-7082 Oberkochen, West Germanvy.

For scanning electron microscopy. wood
sections, 5 x dmm® and 50 #m thick, cut with
the sliding microtome were air-dried on a fil-

ter paper under small glass cover(Tsoumis

1964) and mounted onto aluminium specimen

stubs by means of double-coated adhesive
tape. Thereafter, specimens were coated with
a laver of gold 250A thick in a Polaron
Autocoating Unit E 5200 and photographed
in a Cambridge Stereoscan 250 Mark I scan-
ning electron microscope at an accelerating
voltage of 10kv.

In the quantitative analysis of each tissue.
the lengths of 150 randomly selected tracheids
were measuted from macerations obtained
with Schultze's solution(Berlyn and Miksche
1976) by the aid of ar optical bench compara-
tor and wall thicknesses of 50 and rangential
diameters of 100 randomly selected tracheids
were measured on cross sectional photo-
micrographs. In the permanent slides. the
numbers of uniseriate ravs per mm“ and bis-
eriate rays in 4 mmm® were respectivelv counted
in 30 and 10 randomly selected parts of
tangential surfaces and rav densities. the
numbers of ravs per mm on cross surface,
were counted in 30 randomly selected parts
with the help of the optical bench compara-
tor. The heights of 100 randomly selected
uniseriate rays in number of cells were also
counted on photomicrographs of 1angential

surfaces.
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RESULT AND DISCUSSION

A branch of Ginkgo biloba L. used in this
study(Fig.1) forms well-developed compress-
ion wood easily distinguished from sur-
rounding tissue by its dark brown color on
the lower part like Timell’s observation(1983)
and suppressed opposite wood on the upper
part like Boning's description(1925) that a
typical opposite wood was found in Ginkgo
biloba.

The growth ring widths are in the range of
1.2 to 6.lmm(average 4.16mm) in compress-
1on wood and 0.7 to 1.6mm(average 1.26mm)
in opposite wood, thus agreeing with the
observation in compression wood and oppo-

site wood in a branch of Pinus koraiensis by Lee
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and Eom(1988) that the ring width in com-
pression wood was wider than in opposite
wood and that was variable in both ring
widths On the other hand. Timell(1973) indi-
cated that growth rings were narrow in oppo-
site wood, intermediate in normal wood. and
wide in compression wood.

The

arrangement and size variation of
tracheids in compression wood are similar to
those in opposite wood but short secondary
rays, when viewed on cross surface. occur
more frequently in compression wood than in
opposite wood(Fig.2). In the comparison be-
tween compression wood and normal wood in
Ginkgo biloba, Timell(1978, 1983. 1986) re-
ported that the arrangement of the tracheids

was noticeably more regular in the compress-

SR

300pum

Fig.2. Cross surfaces of compression wood(A) and opposite wood(B). Arrow indicates short

secondary ray.
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ion wood than in normal wood and they also
varied less in size than did the normal wood
tracheids. The opposite woods in Pinus resinosa
and Picea rubens were known to have regular
arrangement of tracheids in both earlywood
and latewood by Timell(1986).

The tracheids in compression wood have
angular outlines with roundish trends but
those in opposite wood show angular views
on cross surface and intercellular spaces are
frequently observed in compression wood dif
ferently from their rare occurrence in oppo
site wood(Fig.3). The tracheids in compress-
ion wood of Ginkgo biloba were known to ex-
hibit more angular outlines compared to those
in severe compression wood of the Conifer-
ales by Timell(1978) and to be surrounded by
intercellular spaces by Timell(1978, 1983,
1986) and Yoshizawa et al(1982). Also, the
intercellular spaces appeared to be occa-
sionally present between tracheids in normal
wood of  Ginkgo bileha by Eicke and
Ehling(1965). The outlines of tracheids. on

the other hand, were reported to be square,

rectangular, or angular 1n opposite wood.
angular in normal wood, and round in com-
pression wood by Timell(1973).

Distorted tracheid tips frequently occur in
compression wood but thev are uncommonly
found in opposite wood(Fig 4). This tracheid
distortion was indicated as a common feature
of compression wood by Onaka(1949) and
Wardrop and Dadswell(1952) and flattened
and L-shaped tips of tracheids were believed
to increase in number with the development
of compression wood due to disturbed intru-
sive growth between adjacent cells by Yoshi-
zawa ef af (1985).

The compression wood tracheids are occa-
sionally fissured by long spiral check and
frequently exhibit short checks associated
with pit openings(Fig.5) but any checks are
not observed in the opposite wood tracheids.
Timell(1978. 1983,1986) reported that the en-
tire S. layer of compression wood tracheid
in Ginkgo biloba evidently lacked the helical
cavities, perhaps the most conspicuous fea-

ture of the compression wood in most gym-

Fig.3. Cross surfaces of compression wood(A) and opposite wood(B). Arrow indicates inter-

cellular space.
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Fig.4. Radial surfaces of compression wood(A} and opposite wood(B). Arrow 1ndicates

tracheid tip distortion,

nosperms. but occasionally had deep spiral
which

drying and somefimes associated with pit

checks were probably formed on
openings.

The rays in compression wood show more
or less rugged shapes differently from those
in opposite wood, and biseriate rays ovcur
frequently in compression wood but their de-
tection is very difficult in opposite waood(Fig
6) like the observation in compression wood
and opposite wood in a branch of Pinus kovaien-
sis by Lee and Eom(1988).

In the quantitative features, tracheid leng-
ths are 720 to 2920 # m(average 1907.5# m) in
compression wood and 740 to 2900 #m(aver
age 1904.1 #m) in opposite wood, and thus

tracheids of compresson wood appear not to

he shorter than those of opposite wood.

Matsumoto(1950) found  that the average
iracheid lengths of Chamaecyparis oblusa and
Thujopsis dolabrata were less in opposite wood
than in compression wood as long as moder-
ate amounts of compression wood were pre-
sent and Mariani(1955) also indicated in

Larix decidua that the tracheids were shorter in
opposite wood than in compression wood.,
The tracheids in oppeosite wood. however.
appeared to be longer than those in compress-
wom wood however. appeared to be longer
than those in compression wood with only
few exceptions(Timell 1986). The wall thick-
nesses of tracheids are 2.5 to 5.5 #m(average
1054 m) in compression wood and 2.0 to 45

Mm(average 3.104m) 1o opposite wood and
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tangential diameters of tracheids are 12 to 45
#m(average 26.04 #m) in compression wood
and 10 to 32 #m(average 21.554m) in oppo-
site wood, which means that compression
wood tracheids are more or less thicker and
wider than opposite wood tracheids. Cieslar
(1896) mentioned that the cell wall in comp-
ression wood of Picea abies was 4 to & /2 m thick
compared to 2 Mm for earlywood and 4/m

for latewood in opposite wood, and Yoshizawa

Fig 5. Radial surfaces of compression wood
showing long spiral check(irin A. ()
and short check associated with pit
opening (A in A. B).

et al.(1981) reported in Pinus thunbergii that cell

wall thickness in compression wood was grea-

ter than those in opposite wood. Park{1983)in-
dicated that the tangential diameter and wall
thickness of tracheids continuously decreased
at a relatively steep rate towards the opposite
side from compression side in Pinus densiflora.

Also. Leo and Eom{1988) reported that wall

thickness of compression wood tracheids was

approximately twice that of opposite wood in

Pinus koraiensis. Kienholz(1930) noted in Tsuga

mertensiana that the tracheids in normal wood

had a shghtly larger tangential diameter than
those 1n compression wood. but opposite
wood and compression wood were very simi-
lar in this respect. Onaka{1949) reported that
the respective wall thicknesses and tangential
diameters in the tracheids of Ginkge bhiloba
were 3.0#m and 30#m for earlywood and
354m and 30#m for latewood in normal
wood, and 4.0#m and 28 #m for earlvwood

and 3.0#m and 24 #m for latewood in com-



Fig 6. Tangential surfaces of compression woodiA O D) and oppesite wocd(B) Areow indi-
cates biseriate ray.

pression wood. H7.2) 1 oppostte wood and their heights in
The numbers of uniseriate ravs per mm- in aumber o cells are | 6 Blaverage 3.1) in
tangential surfaces are 59 to 82(average BT 5, compression wood and 1 o1o Blaverage Z.4) in

in compression wood and 60 to 77{average spposite woed Cleslar (11896 found in Picea
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abies that opposite wood contained only 75%
as many rays as did compression wood and
Bannan(1937) noted that rays were more
numerous on the lower than on the upper side
in branches of Tsuge canadensis. lLee and
Eom(1988) reported in Pinus koraiensis that the
uniseriate rays in compression wood were
more numerous and higher than in opposite
wood. The numbers of biseniate rays. which
were known to be found in all gymnosperm
families except Ginkgoaceae(Greguss 1955),
in tangential surfaces of 47 mm’ are 3 to
15(average 6.4) in compression wood and 0O
1o 2(average 0.9) in opposite wood, thus
agreeing with the observation in Pinus koraien-
siv by Lee and Eom(1988) that thevy were
numerous in compression wood but their de-
tection was very difficult in opposite wood,
and also ray densities, the numbers of rays
per mm on cross surfaces, are 3 1o 9average
4.8) in compression wood and 2 to B(average
37y in  opposite  wood.  Kennedy(1970)
observed biseriate rays in compression wood
of Pseudotsuga menziesii but Timell(1972) failed
to detect the biseriate rays in the compression
wood of this species. Onaka(1949) in Ginkgo
bilaba reported that number of rays per mm’ on
tangential surface and average height of rays
in number of cells were 544 and 2.23 in
compression wood and 59.5 and 2.20 in nor-

mal wood, respectively.

CONCLUSION

Compression wood and opposite wood in a
branch ol Ginkge biloba 1.. was compared in the
qualitative  and  quantitative  anatomical
aspects.

The qualitative features of compression

wood appeared to differ from those of appo-

site. wood in growth ring width, tracheid
shape and ray arrangement on cross surface.
intercellular space, distorted tracheid tip.
spiral check, and ray shape on tangential sur-
face. In the quantitative features, differences
between these two tissues occurred in wall
thickness and tangential diameter of tracheid,
height of uniseriate ray in number of cells,

number of biseriate ray. and ray density.
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