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Abstract: Physical and mechanical properties and anatomy of metasequoia wood (Metasequoia
glyptostroboides Hu et Cheng). Metasequoia glyptostroboides is the only species of the metasequoia genus
preserved to our day. It produces coarse wood with a very small share of late wood. This is a wood of evenly
coloured heartwood and sapwood narrow zone. In its annual rings dominate thin tracheids of the early wood,
what results in a low density. It also has a low shrinkage, but unfortunately also low strength parameters.
Because of its rapid growth metasequoia has potential to be grown on plantations and be used for the
production of wood-based materials.
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INTRODUCTION
Metasequoia (Metasequoia glyptostroboides Hu et Cheng) is a fast growing tree
(about 1.7 meters in height a year). The current natural range of Metasequoia is restricted
to a small area of Hupeh province in China, with the largest natural assemblage of trees (an
area of about 25 km by 1.5 km) in the of the valley Modao river (Jagels et al. 2003). In this
region trees can reach up to 50 meters in height and a few meters in diameter [Florin 1952]
(Florin 1952). Rapid growth is confirmed by observations in other parts of the world.
Metasequoias planted in the United Stated in 50 years reached even 38 meters in height
(Kuser 1999) .Similar observations were also made in specimens found in Poland, which
have been grown here since 1948 (Surmiński and Bojarczuk 1973, Kolasiński 2009).
Metasequoia is also a long-lived tree and it is estimated that it may reach the age
of over 1000 years. This species prefers fertile and well sunlit habitats, but above all
humid: in China it is also known as water fir (Banfi and Consolino 2001).
Metasequoia was found in many fossils dated between 5 to 100 Million years, but it
was usually described as either Taxodium or simply sequoia. Only in 1941 a Japanese
paleobotanist Miki gave the discovered fossilized remains a distinct name of Metassequoia
(Momohara 1994, Kolasiński 2009) In the same year living specimens of these trees were
discovered in China, hence some call this tree a living fossil. After cultivation of several
trees of this species, scientists started to study anatomy and properties of its wood, with
particular attention to the physiology of trees [e.g. Greguss 1955, Hejnowicz 1973,
Surmiński and Bojarczuk 1973, Vischer 2002, Jagles et al.2003]. Still, there are no
in-depth studies about the use of metasequoia wood in the industry.
The object of this article is to study some physical and mechanical properties
of Chinese metasequoia wood and analyse its anatomical structure. Our findings will
contribute to the knowledge of this species of wood, a living fossil in the world of plants,
and identify its potential applications for industry.
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MATERIAL AND METHODS
This study used a single withering tree trunk of Chinese metasequoia, obtained as
a part of maintenance works in the Botanical Garden CZRB PAN in Powsin. It was 19
years old, with well-shaped trunk and large convergence. After drying the wood to an airdry state, standard samples were cut out, except from the core and the last two annual
increments, to determine its particular physical and mechanical properties.
Determination was carried out according to the procedures for testing the properties
of the small laboratory samples according to Polish standards [PN-D-04117:1963, PN-D04103:1968, PN-D-04100:1977, PN-D-04101:1977, PN-D-04102:1979, PN-D-04111:
1982]. Most of the used procedures were also in line with international standards
[ISO 3130:1975, ISO 3131:1975, ISO 3133:1975, ISO 3787:1976, ISO 4858:1982].
We also studied speed of ultrasound transition along the fibres as well as some
dynamic modulus of elasticity using a frequency of 40 kHz. At the same time, several
permanent microscopic preparations presenting three basic anatomical sections
of metasequoia wood were made: preparations with a thickness of 15-20 um, sliced from
plasticized wood soaked in a solution of water, alcohol and glycerine with added safranine,
closed in Canadian balsam and xylene. Observations and measurements of structural
elements were made with an Olympus BX-1 microscope, equipped with a digital camera
and Cell-B* software for image analysis.
RESULTS AND DISCUSSION
In terms of macroscopic construction wood test showed the typical characteristics
of the species analysed in the literature [Greguss 1955, Hejnowicz 1973, Surmiński and
Bojarczuk 1973, Vischer 2002] On the cross-section of the trunk reddish-brown heartwood
is surrounded by a narrow zone of white- yellow sapwood. This is a coarse wood with
an annual growth rings about 7mm in width. The characteristic feature is a very small
proportion of the late wood in annual ring (only about 10% width). The dominant elements
are thin tracheids of early wood with big lights with approx. 1,8 µm thickness of walls.
In a radial direction wood tracheids are over 40 in diameter µm but in a tangential direction
it is twice less (table 1).
In the radial walls of the tracheids of wood there are numerous cavities funnel
(approx.15 pm in diameter). Sometimes two are stacked on the width of a wall (fig.1b).
Tracheids of late wood (with thicker walls of about 4,5 µm) have a diameter of about
22 µm and the last rows of the of annual border growth are heavily flattened in the radial
direction (the radial dimension is only 8-10 µm) – fig.1a Occurring cavities in the late
wood tracheids have a smaller radial diameter of approx. 9,5 µm. The length of tracheids
is rather short: 1.5 - 3 mm (juvenile wood was analysed and it has a shorter structural
elements in comparison to mature wood). The vertical structure of wood is complemented
by a few cells of wood pith with an average length of approx 120 µm and varied diameters
of 20 to 50 µm.
Wood rays are homogeneous with a single file composed of parenchyma cells
[Greguss1955, Hejnowicz 1973, Surmiński and Bojarczuk 1973]. Occasionally, in some
layers of rays, there are two rows of cells (fig.1c) The number of layers (radius’ height)
is varied and ranges from just a couple to several dozens, even over 30 (usually 5-11 rays
are layered, with a height of approx. 80 to 200 µm and a width of approx. 18 µm). At the
radial section of the contact rays with vertical elements of the structure exist cupressoid or
taxodioid pits of wood: usually 2-3 (sometimes 4-5) in a single field.
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Table 1. Dimensions of anatomy elements of metasequoia wood
Vertical elements of wood
Average value (standard deviation) [µm]
Radial
Tangential
Wall cell
Diameter of
dimension
dimension
thikness
pit
Tracheids of early wood
43,7 (5,3)
23,5 (4,6)
1,80 (0,43)
15,4 (1,5)
Tracheids of late wood
22,3 (7,3)
21,2 (4,0)
4,50 (0,66)
9,4 (1,1)
Wood parenchyma
31,2 (5,2)
27,4 (4,2)
2,56 (0,46)
4,2 (0,6)
Horizontal elements of
Tangential
Longitudinal
Wall cell
Dimensions
wood
dimension
dimnesion
thicknes
of pits on
cross-fields
Homocellular wood rays
18,2 (1,6)
19,9 (2,5)
2,43 (0,45)
3,9 (0,5) –
parenchyma
6,3 (0,8)

a)

b)

Longitudinal
dimension
2070 (409)
122 (29)
Radial
dimension
125 (26)

c)

Figure 1. Microscopic structure of metasequoia wood: a) transverse section, b) radial section, c) tangential
section

Table 2 shows results of our analysis of selected physical and mechanical properties
of Chinese metasequoia wood. The average wood density in an air-dry state is 336 kg·m-3
and this classifies analysed wood in 5th group as very light wood [Krzysik 1978]. Among
the coniferous species a comparable density has e.g. white pine (Pinus strobes L.). In terms
of density analysed batch of wood was homogeneous, what indicates a low coefficient
of variation around 5.4%. The total shrinkage of metasequoia wood is low: in a radial
direction it is an average of 2.8% and in a tangential direction it is 6.0%, indicating
a typical anisotropy of a species from the moderate zone approx.2.
Similar values were obtained by Jagles et al. [2003] i.e. average shrinkage 1.88% in
radial direction and 6.13% in tangential direction. According to the classification based on
the volumetric shrinkage, metasequoia wood belongs to the woods with little contractility
(class1). Average compressive strength of Chinese metasequoia wood is 35.6 MPa and
is similar to the resistance of wide annual ring softwood [Kollman, Cote 1986]. Static
modulus of resilience was only with an average 6.1 GPa while dynamic was 6.4 GPa.
These values are very low for softwood but consistent with the results of earlier studies
[e.g. Jagels et al. 2003]. Appearance of scrapes after resistance testing (blunt short fibrous
scrap, shortly after frequent bending and pressed fibres from surfaces leading samples after
compression) also confirm the low strength of wood [Kozakiewicz 2010].
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Table 2. The physical and mechanical properties of metasequoia wood (Metasequoia glyptostroboides Hu et
Cheng)
Property of wood
Unit
Value
Standard
deviation
min.
average
max.
Density
kg · m-3
311
336
400
18
Longitudinal shrinkage
%
0.1
0.2
0.3
0.1
Radial shrinkage
%
2.3
2.8
4.1
0.6
Tangential shrinkage
%
5.2
6.0
7.2
0.6
Volumetric shrinkage
%
8.1
9.0
11.7
1.0
Velocity of longitudinal ultrasonic waves
m·s-1
4540
4880
5160
230
Dynamic modulus of elasticity
GPa
6020
6410
7090
490
Static bending strength
MPa
53.1
61.4
73.6
8.2
Static modulus of elasticity in bending
GPa
5000
6120
6820
680
Compressive strength parallel to grain
MPa
30.9
35.6
40.5
2.6
Density and mechanical properties were tested of air-dried wood (12% moisture content)

Compressive strength along the fibers is proportional to the density of the wood
(fig.2). There were no strong correlations among the other features of strength and density
of the metasequoia wood. It appears because, among other things, a small variation of the
density of tested batch of wood and the presence of juvenile wood and sapwood and small
defects in materials in the form of pin knots and locally deviated fibres. It was observed
that sapwood is characterized by a significantly lower modules elasticity, however, a small
number of tested samples does not allow an unequivocal conclusion.

Figure 2. The relationship between the density of air-dry metasequoia wood and compressive strength
parallel to grain

Taking into account the dynamics of Chinese metasequoia growth there is a chance
of progress for this species on plantations as well as for industrial logging. Properties of
metasequoia wood and shape of gnarled trunks indicate potential for application in various
kinds of wood materials (chipboard and hardboard). In its solid form, this wood has too
low density and is not suitable for the production of structural elements, floor materials and
joinery. An advantage of this wood is its high dimensional stability, so it can be used e.g.
for wood accessories.
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CONCLUSIONS
After an in-depth analysis of a selection of
metasequoia wood (Metasequoia
glyptostroboides Hu et Cheng) samples, the following conclusions were reached:
1. Tested wood is a broad- grained wood with dominance of early wood (narrow-wall
tracheids) in its annual growth rings. A characteristic feature is a narrow zone of
sapwood.
2. Tested wood with humidity of 12% has an average density of approx.335 kg·m-3.
This wood has low shrinkage values:2.8 in radial direction and 6.0%. in tangential.
3. Metasequoia wood has low mechanical parameters: average compressive strength
is approx. 35 MPa, its module of resilience is slightly more than 6 GPa with a flexural
strength of approx. 60 MPa. The appearance scraps from damaged samples confirms
a low durability of wood.
4. Compressive strength along the fibres is proportional to wood’s density. There were no
significant correlations among other properties, e.g. propagation velocity of ultrasonic
waves, the bending strength and modulus of elasticity or density of the wood
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Streszczenie: Właściwości fizyczne i mechaniczne oraz budowa anatomiczna drewna
metasekwoi chińskiej (Metasequoia glyptostroboides Hu et Cheng). Metasekwoja chińska
to jedyny zachowany do naszych czasów gatunek z rodzaju metasekwoja. Ze względu
na szybki wzrost, drzewa metasekwoi mają potencjał do uprawy plantacyjnej. Drzewo
to wytwarza drewno szerokosłoiste o bardzo małym udziale drewna późnego. Jest to
drewno o równomiernie zabarwionej twardzieli i wąskiej strefie bielu. W słojach rocznych
dominują cienkościenne cewki drewna wczesnego, co przekłada się na niską gęstość.
Drewno charakteryzuje się małą kurczliwością, ale niestety również niskimi parametrami
wytrzymałościowymi. Wytrzymałość na ściskanie wzdłuż włókien jest proporcjonalna
do gęstości drewna, natomiast nie stwierdzono analogicznych zależności pomiędzy
pozostałymi właściwości mechanicznymi.
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