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WOOD ANATOMY AND PHYSICAL
PROPERTIES OF WOOD AND BARK IN BETULA TORTUOSA
LEDEB.

K. M. BHAT and MATTI KARKKAINEN

SELOSTE:

TUNTURIKOIVUN PUUAINEEN ANATOMIA SEKA
PUUN JA KUOREN FYSIKAALISIA
JA ANATOMISIA OMINAISUUKSIA

Saapunut toimitukselle 1980-11-21

Ten mountain birches (Betula tortuosa Ledeb.) aged on an average 39 years were sampled in northern
Lapland and some properties were measured from breast height. The average green density of wood was
859 kg/m?® and that of bark 971 kg/m®. The basic densities were 520 and 559 kg/m®, respectively. These
basic densities are higher than those in B. pubescens Ehrh. or B. pendula Roth.

The basic density increased only a little from the pith to the surface. The number of bars in the
perforation plates of the vessels increased considerably in the same direction. The average number of bars
was 17.3, which is half way between B. pubescens and B. pendula.

1. INTRODUCTION

Mountain birch, Betula tortuosa Ledeb., is a
small tree or bush very common in the north-
emmost part of Finland and neighbouring
areas (HAMET-AHTI 1963, KALLIO and
MAKINEN 1978). As its growth is extremely
low, the stem small and crooked and the
mode of growth often polycormic, its role in
forestry is negligible. However, the species
has a great local importance. The wood is
used as fuel, especially so in the past
(HEIKINHEIMO 1921, MIKOLA 1942,
KALLIOLA 1941). Besides this, the semi-
domesticated reindeer uses mountain birch in
the summer as the protein content of the buds
and leaves is high (HAUKIOJA and HEINO
1974). For the whole ecosystem, mountain
birch is the most important mediator of
energy. Numerous invertebrate species use
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the leaves (HAUKIOJA et al. 1973, KOPO-
NEN 1978 a, b). Massive destruction has
occurred. For example, in 1965—1966
Oporinia autumnata (Mkh.) (Lep., Geomet-
ridae) destroyed over 500 000 ha of mountain
birch forest in Lapland, some areas so totally
that they may remain treeless (NUORTEVA
1966, KALLIO and LEHTONEN 1973).

In taxonomy, the status of mountain birch
is questionable. The chromosome number is
56 or the same as in B. pubescens Ehrh. Very
often the mountain birch is regarded as a
subspecies or a form of the latter. This view is
held traditionally in forestry (e.g. KUJALA
1929, 1946). Some features are different,
however, as VAARAMA and VALANNE
(1973) have described. For photographs, see
LEHTONEN (1979).

To the best of the authors’ knowledge,
there are no data whatsoever on the anatomy
and physical properties of the wood of moun-
tain birch. Therefore, this study was under-
taken to investigate these characteristics of the
species.

The material was kindly collected by Tore Hognis
from the National Board of Forestry. The laboratory

work was performed for the most part by K. M. Bhat and
partly by Matti Rytkénen. The computations were made
by Raili Voipio and Tarja Bjérklund, drawings by Tarja
Bjorklund and Leena Muronranta, and the manuscript
was typed by Raija Siekkinen. The original manuscript
was written by Matti Kirkkiinen and checked by both
authors. The language was revised by L. A. Keyworth.
Valuable comments were made by Paavo Kallio and Jyrki
Raulo.

2. MATERIAL

Ten trees of mountain birch were cut in
September, 1980, from the mountain area of
Inari. The age of the trees at breast height (1,3
m from the ground) varied between 24 and 53
years, average 39 years. The mean diameter
under bark was only 58 mm. Thus, the aver-
age ring width was as small as 0,7 mm.

In the laboratory, the green and basic
density of bark and wood and their moisture
content was measured from the disks. Besides
this, a narrow strip was cut through the centre
of each disk. The strip was cut into pieces, the
number of which was between 2 and 5 from
pith to the surface. The basic density and

the distance from the pith to the outer-
most border was measured from each piece.

In addition to this, five sample blocks were
prepared from the pith outwards in each disk
for anatomical studies. All the sample blocks
were sectioned on a radial plane using a
sliding microtome for counting the number
of bars in the perforation plates. Fifty obser-
vations were made on each sample making a
total of 2500 observations.

Ten samples, each representing one tree,
were sectioned in transverse and tangential
planes and stained with safranin to study the
anatomy.

3. RESULTS AND DISCUSSION

3.1 Density and moisture content

The green density of the wood material was
quite low, on average 859 kg/m® (s = 85,3). As
a rule, the green density of unbarked or
barked industrial birch is over 900 kg/m?* in
both northern and southern Finland (HEIS-
KANEN 1959, PETERSON and WINQVIST
1960, TUOVINEN 1965, NISULA 1961,
1967, FINNE 1972). The green density of the
bark was 971 kg/m® (s = 87,4). This figure
seems to be exceptionally high (e.g. TAMMI-
NEN 1970 and LONNBERG 1975 obtained
about 900 kg/m?).

The basic density of the wood of mountain
birch seems to be higher than that of two
other birch species Betula pubescens and B.

pendula. The average for the wood material

was 520 kg/m?® (s = 27,2) which is about 5 per
cent higher than in the industrial raw material
in southern Finland (HAKKILA 1966). The

basic density of the bark, too, was high, 559
kg/m?® (s = 24,9). The basic density of bark in
other birch species is also higher than that of
comparable stemwood (TAMMINEN 1970,
GISLERUD 1974, LONNBERG 1975).
However, it should be noted that in birch
branches the basic density of bark is lower
than that of wood and is under 500 kg/m®
(GISLERUD 1974, KARKKAINEN 1976).

In mountain birch the presence of bark
increases the common basic density of wood
and bark. The effect is distinct as the pro-
portion of bark is very high. The average
percentage for mountain birch was 22,4 (s =
6,1) calculated from the oven-dry weight of
wood and bark. This is more than has been
found in other birch species of comparable
size (SIMOLA 1977).

The average moisture content was 65,4 per
cent of dry weight (s = 6,6) for wood and 74,0
(s = 8,8) for bark.
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Fig. 1. Basic density of wood according to the distance from the pith to the outermost
border of the measured piece. The numbers refer to the sample trees.
Kuva 1. Puun kutva-tuoretiheys ytimestd palan ulkoreunaan mitatun etdisyyden mukaan. Numerot

Larkoiltaval ndylepuila.

The variation of basic density within the
disks was analysed. In most trees the density
increased from the pith to the surface. How-
ever, in some cases the density remained
unchanged or even decreased. This can be
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seen in Figures 1 and 2 where the distance was
measured either in years or in millimeters.
The rate of increase in basic density seemed to
be much slower in this species than in either
of the industrial birch species. In the latter the
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Fig. 2. Basic density of wood according to the age from the pith to the outermost border

ol the measured piece. The numbers refer to the sample trees.

Kuva 2. Puun kuiva-tuoretiheys ytimestd palan ulkoreunaan lasketun ian mukaan. Numerot tar-

koittavat naytepuita.

increase from the pith to the surface is
normally many tens of kilograms per cubic
meter, in some cases even 200 kg/m?
(WALLDEN 1934, JALAVA 1945, KUJALA
1946, HAKKILA 1966, TAMMINEN 1970).

Correlation analysis was used to explain

the variation between trees. However, no
significant correlation was found between the
basic density of wood and some measured
variables including the growth rate. Even the
variation in the density of bark remained
unexplained.
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3.2. Anatomy

On the basis of the observations of 10
samples representing 10 trees the microscopic
structure can be described as follows.

Growth rings: Distinct

Vessels:
Numerous to very numerous, 80—124
per mm?. Solitary or mostly radial mul-
tiples of 2 to 7 or 8. Tangential vessel dia-

NO. OF BARS
AUKONVALEJA, KPL

meter up to 70—82 um, oval or oblong.
Perforation plates scalariform with 7—24
bars. Intervessel pitting minute, 2—38 um
in tangential diameter, almost alternate.
Circular or oval to angular. Frequent
gummy infiltrations present.

Parenchyma:
2—38 cells wide, apotracheal, tangential
bands delimiting the growth rings.
Fibres:
Angular to oval or circular, tangential
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Fig. 3 Number of bars in the perforation plate of the vessels according to the distance
from the pith to the outermost border of the measured piece. The numbers refer to the

sample trees.

Kuva 3. Putkilosolugen perforaatiolevyn aukonvdlinen lukumddrd ytimestd palan ulkoreunaan mita-
tun etdisyyden mukaan. Numerot tarkoitlavat ndytepuita.
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diameter up to 32 pm. Wall thickness up
to 9 or 10 um. Non-septate.

Rays:
1, 2 or 38 seriate, almost homogeneous,
9—12 per linear tangential mm. (1) Uni-
seriate rays up to 8—10 um wide and 400
um or 19 cells in height. (2) Multiseriate
rays up to 3 cells or 28—30 xm wide and
23 cells or 440 ym in height.

Pith flecks: Not found.
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As the number of vessels was up to
120—130 per mm?, it seems possible that the
vessels are more numerous in Betula tortuosa
than in the other two common birch species.
Personal observations revealed that the
largest vessels of this species were smaller
than those of B. pubescens but larger than
those of B. pendula. It is known that for
identification purposes the number of bars is
a useful anatomical feature of birch (BHAT
and KARKKAINEN 1980). The average num-
ber of bars was 17,8 (s = 1,68 between stems)
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Fig. 4. Number of bars in the perforation plate of the vessels according to the age from

the pith to the outermost border of the measured piece. The numbers refer to the sam-

ple trees.

Kuva 4. Puthilosolujen perforaatiolevyn aukonvilinen lukumddra ytimesta palan ulkoreunaan laske-
(un idn mukaan. Numerol larkoiltavat ndylepuila.
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which is between the average number of bars
of B. pendula and B. pubescens.

The number of bars increased distinctly
from the pith outwards. This feature is not
distinct in the other two birch species.

The fibre wall of mountain birch seemed to
be a little thicker than that of the other two
species. This is also reflected in the basic

density. The rays did not differ from those of
the other birch species.

Pith flecks are very frequent in B. pendula
and B. pubescens (BHAT 1980), but were
totally lacking in the samples of mountain
birch. This is quite strange in view of the
large number of insects which destroy the
leaves of this species.
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SELOSTE:

TUNTURIKOIVUN PUUAINEEN ANATOMIA SEKA PUUN JA KUOREN FYSIKAALISIA JA
ANATOMISIA OMINAISUUKSIA

Inarin tunturiseuduilta kaadettiin kymmenen keski-
ialtian 39 a olevaa tunturikoivua, joiden rinnantasalta
otetuista kiekoista mitattiin eraité fysikaalisia ja anatomi-
sia ominaisuuksia. Tuoretiheys oli puuaineessa alhainen,
859 kg/m®. Kuoren tuoretiheys oli vastaavasti 971 kg/m®.
Vastaavat kuiva-tuoretiheydet olivat 520 ja 559 kg/m®.
Niin ollen tunturikoivun tiheys on suurempi kuin
raudus- tai hieskoivun. My6s kuoren osuus on epa-
tavallisen korkea, keskimairin 22,4 %, vaikka huomioon
otetaankin puiden pieni koko.

Kuiva-tuoretiheys lisaantyi vain vihin ytimestd pin-
taan pdin toisin kuin raudus- ja hieskoivulla, joilla muu-
tos on suuri. Putkiloiden perforaatiolevyjen aukonvilien
lukumairi kasvoi sitid vastoin selvisti samassa suunnassa
toisin kuin muilla koivulajeilla. Keskiméiriinen aukon-
valien lukumaira oli 17,3. Kun hieskoivulla aukonvileja
on aiemman tutkimuksen mukaan keskimiirin noin 21
ja rauduskoivulla 14, tunturikoivu on suunnilleen niiden
koivulajien puolivilissa.
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