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Abstract

Luostarinen, K. & Verkasalo, E. 2000. Birch as sawn timber and in mechanical further 
processing in Finland. A literature study. Silva Fennica Monographs 1. 40 p.

This study based on literature and restricted interviews of forest products companies is 
a compilation of current knowledge concerning utilisation of the wood of birch species 
growing in Finland, silver birch (Betula pendula) and pubescent birch (B. pubescens), 
for saw milling and further related processing. As the basis for this, the properties 
(morphological, anatomical, physical, mechanical and chemical) of birch wood are 
presented as well as the effects of cultivation and how growing conditions affect these 
properties. The issues cover resources and use of large- and small-dimensioned birch, 
current and potential importance of birch for saw milling as well as for furniture and 
joinery industries, quality and specifi c properties of birch timber for sawing and processing 
for special purposes, principles and methods of grading the quality of wood, how to 
improve and control quality, timber procurement, primary processing, machining and 
surfacing as well as semi- and end-products. Based on the available data, the principal 
needs for research and development to increase utilisation of birch and improve its 
effectiveness are presented.
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1 Introduction

quality are always in demand. Small trees – which 
usually have no decay or defects, which otherwise 
are common in birch – may also have a potential 
for use in birch sawing. They could be sawn into 
billets; Koivisto (1958a) claimed as early as 1958 
that for the future of birch use in the mechani-
cal wood industry, small-dimensioned birch is 
important. Both now and in the future, there are 
good possibilities to increase the market demand 
for birch sawn timber and for components made 
of birch, especially as exports.

The purpose of this review is to compile those 
facts that are important for the use of birch as 
sawn timber. These facts include resources, bal-
ance of forests, cutting possibilities in Finland, 
extent of the carpentry and furniture industry 
based on the sawing and use of birch timber, 
markets and economic signifi cance, special prop-
erties of birch from the viewpoint of the industry 
processing it, grading and requirements for the 
quality of birch timber, possibilities to improve 
the properties, development of the procurement 
of birch timber (felling, storage, transport), pri-
mary processing of logs and sawn timber (sawing, 
drying) and possibilities to develop the machinery 
and methods for all phases of handling birch 
timber.

The knowledge of especially sawing and fur-
ther processing is mainly based on experiences 
of persons working at the industries concerning 
these fi elds. Thus, in addition to the scientifi c 
articles, other articles and interviews of persons 
connected to the industry have been taken into 
account.

Birch is a traditional and well-known material 
for mechanical wood processing in Finland. In 
addition to its use as plywood and veneer, birch 
timber has also been used in carpentry, although 
the amount of birch timber used in joinery and 
carpentry is small compared to Scots pine. This is 
due mainly to the fact that birch seldom grows as 
pure stands with possibilities to cut large amounts 
of raw material at a time. Another reason for 
this are defects in the trunks, which markedly 
increase the amount of waste wood. On the other 
hand, sound birch wood is very suitable even for 
products of carpentry, which demand high qual-
ity wood. After the birch loss in the 1950’s and 
1960’s, possibilities to cut birch timber increased, 
and since then the use of birch timber became 
more popular (e.g. Kärkkäinen 1998). Birch 
has also become a research object in wood sci-
ence and technology as the properties of its 
wood and their improvement have now begun 
to interest researchers due to increasing use and 
quality demands. The cultivation of trees, primary 
processing of timber and grading rules related to 
the quality of the end-product have been devel-
oped.

Quality requirements, determined by the pur-
pose for which the wood will be used, should be 
taken into account as early as when birch cultiva-
tion or forest renewal is planned, because differ-
ent uses set different demands for the timber. 
In practice this does not occur, however, and 
defects in the quality of birch sawn timber cause 
problems for the industry that uses birch wood 
(e.g. Kataikko 1996). Log-size trunks of good 
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2 Resources, Timber Balance and Possibilities to Cut 
Birch Wood

between the two Finnish birch species, Betula pen-
dula Roth and B. pubescens Ehrh.: the propor-
tion of saw timber of the volume of B. pendula in 
southern Finland is 30% but that of B. pubescens 
is only 10%. Thus in southern Finland, 1.4 times 
more logs of B. pendula could be obtained than 
logs of B. pubescens (Table 1). 

The proportion of large birches has not dimin-
ished; on the contrary, the birch standing crop 
of over 30 cm diameter at breast height is 
at present even larger than in the 1930’s and 
double the amount at the beginning of the 
1950’s (Kärkkäinen 1998). According to Verka-
salo (1997b, calculated from the results of Kohmo 
(1984)), about 80% of the total 13 million m3 
of B. pubescens logs in southern part of Finland 

2.1 Resources

The birch resources in Finland have changed only 
slightly during the 20th century. Since the First 
National Forest Inventory (1921–1924) the birch 
resources have remained between 224 and 295 
million m3 (Kärkkäinen 1998). The common con-
ception that the birch resources, and especially 
future cutting possibilities, were almost destroyed 
during the 1950’s and 1960’s, when birch was 
cleared out of the way of conifers because there 
was no signifi cant industrial use for it, is unsup-
ported. At present birch makes up 14.6% of the 
total volume of the standing crop in southern 
Finland and 16.1% in northern Finland (Sevola 
1996). According to this, the total volume of 
birch resources in southern Finland is ca. 195 mil-
lion m3 (Table 1, Louna and Valkonen 1995).

According to the Eighth National Forest Inven-
tory (1986–94), there are in southern Finland ca. 
0.84 million ha (7.3%) and in northern Finland 
0.67 million ha (7.8%) of birch-dominated forests 
(Table 2, Sevola 1996). The actual importance 
of birch for forestry is, however, greater than the 
area indicates, because an important proportion 
of birch is growing in forests dominated by other 
species. On the other hand, the general nature 
of birch to grow as a minority species in 
individual stands makes its procurement often 
diffi cult, both from the aspects of logging tech-
nology and timber marketing. The ditching of 
peatland forests, clear cuttings and tilling of 
soil have favoured birches in mixed forests (e.g. 
Heikurainen 1959, Yli-Vakkuri 1961, Appelroth 
et al. 1971, Mielikäinen 1980, 1985).

The volume of log-size deciduous trees is mark-
edly smaller than that of conifers, because the 
common minimum requirements for dimensions 
are more strict and the proportion of the trunk that 
is not good enough for saw or veneer logs is larger 
in birch than in conifers, 40–60% and 5–20%, 
respectively (e.g. Kärkkäinen 1984, 1986). In this 
respect, signifi cant differences can be observed 

Table 1. Resources of Betula pendula and B. pubescens 
according to the Eighth National Forest Inventory 
in Finland 1986–94 (Louna and Valkonen 1995).

Timber assortment Betula Betula Total
 pendula pubescens

 1000 m3

Log 15 828 11 193 27 021
Pulpwood 36 877 96 731 133 608
Total 52 705 107 924 160 629

Log-% 30.0 10.4 18.0

Table 2. Forests of mineral soils dominated by Betula 
pendula and B. pubescens in southern and northern 
Finland according to the Eighth National Forest 
Inventory 1986–94 (Sevola 1996).

 Area, 1000 ha Areal proportion, %

 B. B. B. B.
 pendula pubescens pendula pubescens 

Southern Finland 253.0 586.4 2.2 5.1
Northern Finland 8.5 657.0 0.1 7.7
Total 261.5 1243.4 1.3 6.2
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are smaller than 30 cm in diameter. Logs of B. 
pendula (total of 21 million m3) are distributed 
more evenly by diameter class; e.g. the proportion 
of logs with a diameter over 30 cm is 40%. In this 
case the proportion of saw timber of the whole 
log-size crop is, on average, only 38% for B. 
pubescens but 54% for B. pendula, and for larger 
diameter classes the difference increases.

The abundance ratio of birch species in differ-
ent parts of Finland can be assumed to develop 
as mentioned above, even though the planted B. 
pendula stands in Finland are mostly located in 
the eastern south Finland. If the present trend 
toward natural regeneration of forests and mini-
mising of treatment of seedling stands contin-
ues, both birch species will probably become 
more common in mixed forests. The requirements 
for maintaining the landscape and sustaining the 
diversity of forests also lead to an increase in the 
overall proportion of birch.

2.2 Timber Balance and Cutting Possibilities

Of the total growth of deciduous trees in Finland, 
the proportion of birch growth is estimated to 
be 85–90% (Louna and Valkonen 1995, Sevola 
1996). Until the beginning of the 1970’s the 
growth of deciduous trees remained almost con-
stant in southern Finland and decreased in north-
ern Finland. This was evidently due to the 
previous conscious reduction of deciduous trees, 
although this reduction was decreased when 
forest improvement gained momentum in the 
1960’s. Forest improvement is also the most 
important reason for the increase in growth after 
that; the cutting potential for birch increased by 
3.4 and 1.4 million m3 per year in southern and 
northern Finland, respectively. The increase in 
growth occurred nation-wide mainly in the 1970’s 
but continued in southern Finland for the follow-
ing 15 years. In northern Finland it has remained 
constant for the last 15 years, which is due mainly 
to the ageing of birch stands and reduction in 
forest improvement (Sevola 1996).

The proportion of birch of the total drain of 
deciduous trees in Finland is estimated to be 
90–95% (Louna and Valkonen 1995, Sevola 1996). 
In southern Finland, the drain of deciduous trees 
increased until the end of the 1960’s, but during the 

next 10 years it decreased markedly, by 7 million 
m3 per year. The reason for this was the signifi cant 
decrease in the demand for fi rewood. After that 
the drain increased further because the demand for 
pulpwood increased by 0.5 million m3 per year 
for ten years, but that demand decreased during 
the depression at the beginning of the 1990’s. The 
drain of birch increased slightly until the middle 
of the 1970’s, then decreased markedly and started 
to increase again at the beginning of the 1980’s 
(Sevola 1996).

Until the middle of the 1970’s, the timber bal-
ance in the deciduous forests of Finland, i.e. drain 
subtracted from growth, was clearly negative and 
after that was even more clearly positive. During 
those periods, the volume of deciduous trees 
decreased by 3.7 million m3 and by 0.2 million 
m3 per year, on average, in southern and northern 
Finland, respectively. Since then the resources of 
deciduous trees have grown by 3.9 million m3 
per year in southern Finland and by 1.2 million 
m3 per year in northern Finland. From this it 
can be concluded that the cutting possibilities 
for deciduous trees are clearly improving (Sevola 
1996).

Thus, according to the estimates by the MELA 
group of the Finnish Forest Research Institute 
(pers. comm.) during the 50-year prediction 
period, cuttings of saw and veneer logs of birch 
can be increased from the level at the beginning of 
the 1990’s according to the instant cutting potential 
by 0.7 million m3 per year and according to the 
maximum sustained yield by 0.9 million m3 per 
year, respectively, when the cutting possibilities 
are compared to the situation in which there is 
no import, only domestic wood. The average cut-
ting possibilities per year for saw and veneer logs 
during the same period are, according to the instant 
cutting potential, 1.9 million m3 and, according 
to the maximum sustained yield, 2.1 million m3 
per year. The most extensive cuttings during the 
fi rst 10-year period, 2.4 million m3 per year, would 
fi rst lead to halving of the cutting possibilities, but 
during the last 10-year period they would increase 
to the level that existed at the beginning of the 
fi rst 10-year period. On the other hand, if the cut-
tings were done reasonably during the fi rst 10-year 
period, i.e. 2.0 million m3 per year, the cutting pos-
sibilities would be greater than the cutting potential 
during each of the following 10-year periods.
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signifi cantly increased the use of birch wood. 
Wiikari Oy, Karkku in West-Central Finland, 
started rotary-cutting of veneer in 1894 by 
producing birch plywood and from this e.g. 
chairs and chests of drawers (e.g. Jalava 1949, 
Ronkanen 1968, Kärkkäinen 1991). The fi rst 
large plywood factory was founded by Wilhelm 
Schauman Ltd. in 1912 in Jyväskylä, and since 
1918 the amount of birch used in the plywood 
industry has been larger than in sawing. After that 
the industry developed considerably and Finnish 
plywood dominated in the global markets for 
plywood made of deciduous trees. The Second 
World War and the loss of four plywood factories 
to the Soviet Union caused a temporary decline 
in the Finnish plywood production.

In the 1990’s the use of birch wood in the 
plywood industry has been, on average, 1–1.5 
million m3 per year (Sevola 1996, Mikkola 1997). 
The peak use, 2 million m3 per year, was reached 
in the middle of the 1960’s, as was in sawing 
(e.g. Kärkkäinen 1991). After that the lack of 
birch raw material and competition from the new 
plywood producers in south-eastern Asia caused 
a crisis in veneer and plywood manufacture in 
Finland. As a result, the Finnish plywood industry 
had to specialise in expensive special products 
and also start to use large amounts of Norway 
spruce (Picea abies) as inner veneers in ply-
woods, where the properties and price of the prod-
uct were determined by the outer birch veneers 
(Juvonen and Kariniemi 1984, Koponen 1995). 
Import of birch from Russia and Baltic countries 
for veneer cutting has increased during recent 
years. According to information provided by the 
industry, 15–20% of all the birch used in Finland, 
i.e. ca. 0.15 million m3 per year, is imported 
(Kautonen, Pitkänen, pers. comm.). Also large 
birch logs were imported earlier, mostly from 
Russia and Sweden, several tens of thousands of 
cubic metres per year, e.g. 75 100 m3 in 1993 
(Mikkola and Kulju 1994). At the same time, 
special-quality birch logs were exported, mostly 

3 Use of Birch Wood and Its Present and Future Use 
As Sawn Timber

3.1 Purposes of Use in the Past and 
at Present

In Finland, sawing of birch probably started dur-
ing the 1850’s (e.g. Jalava 1949, Ronkanen 1968, 
Kärkkäinen 1991). The production increased rap-
idly until the 1920’s, but since then the amounts 
of sawn birch have remained stable; the largest 
amount of logs, ca. 0.6 million m3 per year, was 
sawn in the middle of the 1960’s. The amount of 
sawn birch logs is presently 0.15–0.2 million m3 
per year, e.g 0.18 million m3 in 1993, while at the 
same time their main user, plywood industry, used 
0.87 million m3 of birch (Pajuoja and Suihkonen 
1994). 

Sawing of deciduous trees is carried out by 
some specialised industrial family enterprises 
which are registered and monitored by the Finnish 
Industrial Statistics, and a heterogeneous group 
of small non-industrial saw mills. Their propor-
tions of the production of hardwood sawn timber 
were 37% and 63% in 1993, for example (Pajuoja 
and Suihkonen 1994). At present, small sawmills 
carry out more than half of the birch sawing in 
Finland (Sevola 1996). However, the proportion 
of birch of the total timber used by the small saw 
mills was only 6% in 1990 (comp. other hard-
woods 1%). – The Finnish Industrial Statistics 
covers the sawmills with fi ve employees, annual 
turnover of more than FIM 3.5 million, or use of 
roundwood of more than 10 000 m3 per year, at 
their minimums.

Birch wood has been used in Finland for indus-
trial products since the middle of the 19th century. 
The fi rst industrial use was manufacturing reels 
of thread, which began in 1873 (e.g. Jalava 1949, 
Ronkanen 1968, Kärkkäinen 1991), and in the 
1920’s and 1930’s about 80% of the demand for 
reels of thread for whole the world was supplied 
by Finland. In this industry, however, wood was 
not used effi ciently; recovery of ready reels was 
only 12% of the wood used.

The development of the plywood industry 
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into Germany, e.g. 7 400 m3 in 1993 (Saimovaara 
1994). Import of birch for sawing from the east 
and south is also increasing continuously.

In addition to sawing and veneer and plywood 
manufacture, there are many special uses for log-
size birch (e.g. Jalava 1949, Mali 1980, Salmi 
1987a,b). The most valuable raw material for 
those logs are the special forms of B. pendula, 
masur (curly-grained) birch and fl amy-grained 
birch. They are used for furniture and interior 
decoration as well as for decorative items. Ordi-
nary birch wood is widely used for these purposes 
if it is of good quality, but it is also used for ice-
cream sticks (Björken blir... 1989), ice-hockey 
sticks (Maila on... 1990) and musical instru-
ments (Salmi 1987a,b). Matchboxes, skis, jave-
lins, plywood for railway carriages, trams and 
aeroplanes as well as many utility articles have 
previously been manufactured from birch (Jalava 
1949, Ronkanen 1968, Salmi 1987a,b).

The traditional use of small-dimensioned birch 
has been as fi rewood (Salmi 1987a,b). Its sig-
nifi cance started to decrease rapidly during the 
1950’s, which caused problems in the demand 
for birch timber from thinnings. The present use 
of birch as fi rewood is estimated for ca. 2–4 
million m3 per year (Kärkkäinen 1991, Salakari 
and Peltola 1995).

Another use for small birch timber is pulping. 
As early as the 1920’s attempts were made to 
use it for pulp (e.g. Levlin 1986, Kärkkäinen 
1991), but not until the 1950’s was a kraft pulp-
ing method for birch invented. After that in the 
middle of the 1970’s, the use of birch in the pulp 
industry steadily increased to 4 million m3 per 
year. The ability to use signifi cant amounts of 
birch in the manufacturing of printing and writing 
papers has markedly increased the demand for 
birch pulpwood since the end of the 1980’s. Thus 
at present the pulp industry is the most important 
consumer of birch in Finland, as it uses more than 
10 million m3 of birch per year (Sevola 1996).

Small-dimensioned birch has also been used 
in the fi bre-board and particle-board industries 
(e.g. Liiri 1960, Kärkkäinen 1991). At present, 
however, the raw material of these industries is 
almost totally waste wood from sawmills and 
plywood factories.

3.2 Present Use of Sawn Birch Timber 

The sawing of birch is concentrated to southeast-
ern and central Finland. These sawmills carry out 
mainly special sawing for selected end-products, 
mostly for carpentry and especially for the fur-
niture industry. The parquet industry also uses 
large amounts of birch timber of special dimen-
sions (e.g. Elowsson 1989, Junckers Industrier... 
1992, Verkasalo and Paukkonen 1997). During the 
1980’s, several tropical hardwoods became serious 
competitors for birch in these uses; e.g. keruing 
(Dipterocarpus spp.) from Malaysia and Indone-
sia, due to their markedly cheaper prices (Koivua 
vientiin... 1988). During the present decade the 
trend has changed because of the active environ-
mental discussion. The most important competitor 
of birch in Europe is beech (Fagus sylvatica).

A signifi cant proportion of sawn birch timber 
is exported. The proportion, however, clearly dif-
fers in individual sawmills, depending on the 
ownership of the mill (independent or belong-
ing to a consolidated furniture corporation). For 
example, Vilkon Ltd., Hirvensalmi in the dis-
trict of Southern Savo, exports about 25% of its 
production (Peltoranta, pers. comm.) while the 
private Hakkaraisen Saha, Viitasaari in the district 
of Central Finland, exports more than 70% of its 
production (Koivua vientiin... 1988). The main 
countries to which birch timber is exported are 
Sweden, United Kingdom and Germany. In 1993, 
4400 m3 of sawn birch timber was imported, but 
before 1987 the amount imported was insignifi -
cant (Louna and Valkonen 1995).

According to Kataikko (1996), furniture manu-
facturers buy birch timber fresh or only air-dried 
and as through-sawn; they then dry it themselves 
to a moisture content of 6–8%. The importance of 
the furniture and interior decoration industries is 
based on the fact that they use the best, and thus 
the most expensive, birch timber. The distribution 
of the tree species used by the furniture industry 
in 1993 is presented in Table 3. This distribution is 
based on an estimated total furniture-wood use of 
90 000 m3 (see Saimovaara 1994: estimated total 
use 40 000 m3, according to a different branch 
classifi cation). The proportion of wood processed 
in ways other than sawn is signifi cant; the real 
amount, and especially distribution of the species, 
is very diffi cult to determine, as well.
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The raw materials used in the furniture industry 
can be roughly classifi ed into framework mate-
rials (solid wood, particle board, MDF-board, 
others) and surface materials (cloth, leather, mela-
min, plastic, others). According to a questionnaire 
for furniture factories by Laaksonen and Rajala 
(1987), frameworks were made mostly of Scots 
pine (Pinus sylvestris) (36.0%) and particle board 
(31.4%); the proportion made up of birch was 
26.4%. The proportion of birch veneers was not, 
however, separated from all the surface veneers. 
When this issue is looked at according to the 
number of employees in the factory, if the number 
of employees is below 20, the most important 
framework materials were Scots pine and particle 
board. In the factories with 20–49 employees, the 
most important materials were Scots pine (38%) 
and birch (34%); and in factories Scots pine 
with more than 50 employees the most important 
framework material was particle board (60%). 
According to region, particle board was the most 
important framework material in the Lahti area 
(40%), where most of the large furniture corpora-
tions are located; while in the district of small 
and medium-scale family enterprises of southern 
Pohjanmaa birch was also important. In other 
parts of Finland the most important raw material 
was Scots pine.

Masur (curly-grained) birch, a genetic modifi -
cation of B. pendula, is important in carpentry 
and in the furniture industry. It is most common 
in the districts of Häme and Carelia (Hämet-Ahti 
et al. 1989). An important proportion of masur 
birch grows in the cultivated birch stands of the 
Finnish Forest Research Institute. Although there 
are no statistics on its use, the estimate for 1993 
was a couple of hundred thousand kilograms for 

lathing and small items (Louna and Valkonen 
1995). The most important uses for masur birch 
are veneer, knife handles and other decorative and 
practical items. A marked proportion of masur 
birch is exported as raw material, either sawn or 
veneer.

Flamy-grained birch is practically as commonly 
(or rarely) available as masur birch. Information 
about its occurrence and availability is very scanty; 
the factories meet it irregularly among the normal 
fl ow of birch logs. Flamy-grained birch is rarely 
sorted for special purposes in Finland. However, 
it is mostly sold to Germany as veneer, like some 
masur birch. It is said that small amounts are 
imported from Sweden for carpentry.

The use of birch in the joinery industry is rare, 
but it is commonly used as the surface lamellae 
of parquet for which purpose it is very well suited 
(Table 4). The joinery industry buys birch kiln-

Table 3. Tree species used by furniture industry as sawn timber in 1993 (Louna and Valkonen 1995).

Species Chairs Offi ce Kitchen Other Total
  furniture furniture furniture

   %

Scots pine (Pinus sylvestris) 92.3 30.3 21.5 65.4 74.1
Norway pruce (Picea abies) 2.6 0.9 1.9 5.0 4.0
Silver birch (Betula pendula) and pubescent birch (B. pubescens) 3.3 24.0 18.3 27.5 19.4
Other domestic 0.7 8.5 15.4 0.6 0.7
Beech (Fagus sylvatica) 0.5 31.6 41.1 1.4 1.5
Other foreign 0.7 4.6 1.9 1.4 0.3

Table 4. Tree species of timber used for the joinery 
industry in Finland in 1993 (Louna and Valkonen 
1995) (parquet: the fi gures include both the surface 
lamellae and the foundation).

Species Parquet Doors and windows

 %

Scots pine 0.2 82.5
Norway spruce 62.3 12.7
Birch 5.5 1.0
Oak (Quercus spp.), 
ash (Fraxinus excelsior), 
maple (Acer spp.) 20.3 2.7
Beech 9.4 1.0
Other species 2.3 0.1

Total, 1000 m3 50 123
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dried and cut to special dimensions, as sawn 
timber or billets (Louna and Valkonen 1995).

For construction, however, birch does not suit 
at all, because when the moisture content of the 
environment changes, birch wood decays easily 
(e.g. Farmer 1981). In addition, birch wood is 
relatively heavy, its strength in relation to its 
density is weak and its stability in form and 
dimensions is questionable both during further 
processing and in-situ use (e.g. Vesterinen 1956, 
Kärkkäinen 1984). In Norway, however, it has 
been tested for use as glulam bearers in a church 
with a long bearing distance; but no estimates of 
its long-term suitability can be made yet (Kucera, 
pers. comm.). American paper birch, B. papyrif-
era, has also been tested successfully as studs for 
buildings in northern America (Erickson et al. 
1986, Larson et al. 1986, Verkasalo 1990).

3.3 Future of Birch As Sawn Timber

Because there are no comprehensive estimates of 
future use of birch timber, only rough estimates 
can be presented. Attempts are currently being 
made, however, to obtain competitive benefi ts 
by using cheaper aspen (Populus tremula) and 
alder (Alnus glutinosa, A. incana) sawn timbers 
instead of birch. This is because the supply of 
birch timber may be scarce in spite of growing 
resources, and the relative price of birch has risen 
(Kärki 1997).

The possibilities of birch are considered to be 
based on the characteristics of special timber 
from birch species. Tree species that occur in 
limited regions outside of their natural growing 
areas, which make up only a small proportion 
of the forest area and the growth per year, or 
the wood of which is exceptional either due to 
its structure or to its properties (e.g. masur and 
fl ame), can be classifi ed as special timbers (Kärki 
1997). Special sawn timber, on the other hand, 
can be of any species, if there is a certain purpose 
for its use, it has special dimensions or its use 
is minor.

The present extensive resources of birch in Fin-
land would make it possible to use birch more 
than it is used today. The availability has, however, 
occasionally been a problem for sawmills and ply-
wood factories (Juva and Ahtorinne 1995, Kärki 

1997). Problems of availability have been partly 
due to the nature of birch to grow as a minority 
species in stands dominated by softwood spe-
cies (Kärkkäinen 1984, Verkasalo 1997b). Accord-
ingly, the supply of birch timber is closely linked 
to the demand for softwood timbers. Another 
cause for the problems is the great demand for 
birch from abroad (Juva and Ahtorinne 1995); 
almost all important industries that use birch in 
Finland use both imported and domestic birch. 
This is especially true in eastern Finland where 
mechanical processing of birch is very important, 
while e.g. in the districts of Central and North-
ern Pohjanmaa, Kainuu and Satakunta there is no 
marked mechanical use even for log-size birch 
trunks (Verkasalo 1997b). When manufacturing 
techniques as well as products develop, even birch 
10 cm in diameter becomes important in sawing 
(e.g. Verkasalo 1998, Heräjärvi et al. 2000). For 
the mechanical wood processing, this could con-
siderably increase the potential of birch from 
thinnings, in particular from fi rst commercial thin-
nings which are currently an underutilised source 
of industrial wood.

There are great expectations for planted B. 
pendula stands. It is assumed that they will relieve 
the lack of log-size birch at the latest in the 
2010’s, and it is planned that 1/3 of the demand of 
the plywood industry will be supplied from these 
planted stands if the use of birch remains at its 
current level (Verkasalo 1997b,c). Raw material 
for sawing and its end-products should be also 
available from planted birch stands. 

The large suppliers dominate the furniture mar-
kets, and their purchasing agents are important 
in determining wood preferences (Lahti 1991). 
Thus it can be assumed that also in the future 
the demand for birch sawn timber will depend on 
fashion. Birch is sometimes considered to be too 
light a furniture wood in Central Europe 
(Juva and Ahtorinne 1995). At present it seems 
that fashion is starting to favour light woods; 
e.g. in France beech is kept as light as possible 
because comsumers have started to require light 
furniture (Willman 1997). Birch is, however, easy 
to modify in colour, e.g. by staining, both artifi -
cially and naturally by steaming or drying in a hot 
climate; and so-called eco-darkening (Räuher-
birke, Spalted Birch) could give birch very eco-
logical status in Central Europe.
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4 Grading of Birch Timber

The technical properties of circular saws, how-
ever, prevent the sawing of very thick logs, and 
crook-sawing cannot be used for birch as much 
as for conifers, although it has been tried with 
a frame saw (Peltoranta, pers. comm.). Thus the 
defects in the log form are still an important factor 
causing waste wood in sawing. In particular, the 
quality for knottiness should be good; the parts 
of the trunk that include many knots should be 
avoided, and the knotless surface wood (Elows-
son 1989) as well as wood from inner parts of 
trunks with sound knots (Harinen, pers. comm.) 
are in demand.

In practice, the commercial quality of birch 
veneer and evidently also of sawn timber is deter-
mined by the knottiness in more than 90% of all 
individual cases (e.g. Ronkanen 1949, Heiskanen 
1966, Kärkkäinen 1984). Most attention is thus 
paid to decayed and dry knots. Their disadvantage 
is both aesthetic and practical: they loosen when 
dried and they also weaken the strength of the 
wood. Vertical knots are the most harmful because 
they are the largest and are very commonly the 
cause of core decay. Epicormic branches may 
develop on the surface of the trunk, and may thus 
cause defects in good quality surface wood. The 
epicormic branches may also be related to decay 
and decayed knots (Heiskanen 1957). In addition 
to knottiness, the quality of the sawn timber is 
degraded by surface defects, decay, insect damage, 
discoloration and crookedness of the trunk, which 
cause deviations in the fi bre direction leading 
in turn to both aesthetic defects and weakened 
strength (Lappi-Seppälä 1933, Vaneritutkimuk-
sia... 1937, Jalava 1938a, 1949, Lehonkoski 1937, 
1949, Koivumäki 1962, Heiskanen 1966, Mer-
iluoto 1966, Juvonen and Kariniemi 1984, Schul-
man 1989, Koponen 1995, see Sarvas 1944). The 
standards set by manufacturers of instruments, 
arms, boats and sports equipment are set sepa-
rately for different items, but usually they are very 
high (Salmi 1987a,b, Kärki 1997).

According to Louna and Valkonen (1995), the 
quality requirements of sawmills are the same for 

4.1 Logs and Sawn Timber

The fi rst summary of the quality requirements 
for birch saw logs and sawn timber in the furni-
ture industry was presented by Jalava (1943). 
He claimed that even as early as the 1940’s the 
quality of birch stands was poor, which seems 
to be a marked exaggeration compared to the 
current views. His claim may, however, be based 
on the fact that at the beginning of the century the 
plywood industry was used to getting excellent 
birch raw material.

On the other hand, Jalava (1943) thought that 
the furniture industry could also use poor quality 
birch timber to manufacture good quality prod-
ucts. That was, of course, at the cost of large 
amounts of waste wood. As furniture made of 
birch was not usually painted with a coating 
colour, defects could be seen on the fi nished 
product, thus decreasing its value. That is why 
also at that time the quality of timber was very 
important for furniture mills, too. As early as 
the 1930’s every thickness of sawn birch timber 
for furniture had its own quality requirements 
because the different qualities were used for dif-
ferent purposes (Jalava 1943).

Since the beginning of the 1960’s the com-
mercial quality requirements for birch saw logs 
have been the same or slightly stricter than the 
dimension and quality requirements for veneer 
logs (see Heiskanen 1966, Salmi 1987a, Vaneri-
koivun... 1998, Koskinen, pers. comm., Kuitunen, 
pers. comm., comp. e.g. Ronkanen 1949). The 
properties that are stricter for saw logs are the 
diameter, straightness, and decay and surface 
defects, because the products should not contain 
any discoloured wood (Salmi 1987a). On the 
other hand, quite small-diameter and short logs 
(Ekström 1987, Heräjärvi 1999, Heräjärvi and 
Varis 2000, Heräjärvi et al. 2000, Harinen, pers. 
comm., Kuitunen, pers. comm.) and logs with 
thick but healthy knots may have been accepted 
for sawing (Heräjärvi 1999, Heräjärvi et al. 2000, 
Harinen, pers. comm., Kuitunen, pers. comm.). 



12

Silva Fennica Monographs 1 2000

both conifers and birch, and the requirements of 
sawmills that use special wood are also much the 
same (Kärki 1997). Some small entrepreneurs 
also use some low quality logs with a diameter 
of 14–20 cm and length of 1.5–3 m (Louna and 
Valkonen 1995, Harinen, pers. comm.). Naturally, 
the most desirable logs are knotless butt logs 
(Kataikko 1996, Kärki 1997, Kivistö et al. 1999), 
but all logs of average quality are also in demand. 
Slight crookedness is allowed by 60% and decay 
and knots by 40% of the sawmill entrepreneurs 
(Kataikko 1996). No requirements for diameter 
and length are set for masur birch, which is 
wanted as long spars (Kärki 1997). 

At present each enterprise has its own require-
ments for birch logs and sawn timber. In addi-
tion, sorting regulations are being developed 
in Finland (Isomäki and Leppänen 1992, Lep-
pänen 1992, Jouhtinen 1994, Keinänen and Tah-
vanainen 1995). Grading regulations have also 
been made in Sweden (Bestämmelser... 1943, 
Mätnings instruktioner... 1987, see also Ekström 
1987), in Norway (Kucera 1983, Kucera and 
Christiansen 1985, Fjaertoft and Bunkholt 1994) 
and in Germany (Steuer 1979). In these cases the 
regulations include also other deciduous trees. 
In Finland the pioneer in classifi cation of birch 
logs and sawn timber by dimensions and quality 
has often been Vilkon Ltd. (Vilkonsaha kutsui... 
1988, Koivutukin... 1988, Sahakoivun... 1988). 
The requirements of Vilkon Ltd. for saw logs 
and special logs for veneer cutting are presented 
in Appendix 1 and for unedged sawn timber in 
Appendix 2. Recently Vilkon Ltd. has made the 
requirements more specifi c by taking into account 
both the inner and outer fl at surfaces and the 
moisture content (Sahakoivun... 1998).

4.2 Billets and Components

The idea of billets and components is to produce 
pieces of certain dimensions instead of traditional 
planks (e.g. Louna and Valkonen 1995, Kataikko 
1996, Verkasalo 1997c, Pakkanen et al. 1998, 
Kivistö et al. 1999, Heräjärvi et al. 2000). The 
production of billets and components is increas-
ing because it decreases the need for machinery 
and employees in furniture manufacturing. Enter-
prises have their own dimension and quality 

requirements for billets and components accord-
ing to the products (Kataikko 1996, Kivistö et 
al. 1999). Sawing into billets thus emphasises 
the customer-related demands. The quality and 
moisture content of the billets are also adapted 
to the demands of the customer.

Birch is used as glulam boards, which should 
have sound knots and uniform colour, and as 
furniture legs and other small components in 
which slight differences in colour can be accepted 
(Harinen, pers. comm., Peltoranta, pers. comm.). 
Thus the quality requirements are high and they 
are also strictly controlled. Enterprises cannot 
afford weakened quality, because one of the main 
purposes of the billets is to minimise waste wood. 
As the consumption of birch wood in manufactur-
ing furniture is 1.8 m3/m3 for sawn timber and 
1.4 m3/m3 for billets (Kataikko 1996), the more 
expensive billets cannot be accepted if they are 
of low quality. The most signifi cant problems 
with billets and components are the changes in 
moisture content at the time of delivery. Other 
defects caused by the raw material are dry knots, 
edge and dimensional defects, checks and also 
deformations and discolorations.

Attempts have also been made to develop regu-
lations for classifi cation of quality for furniture 
and their components. The regulations are made 
separately for painted, lacquered and abraded 
surfaces (Isomäki and Myllynen 1992). The fac-
tors included in determining the surface quality 
are, e.g. strength against mechanical and chemi-
cal stresses, cleanability and appearance. Thus 
only some of the requirements are directly related 
to the raw material.
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5 The Properties of Birch Trunks and Wood and 
Their Improvement

1959, Fries 1964, Braastad 1966, 1968, Mie-
likäinen 1980, 1985, Langhammer 1982) and 
when planted (Erken 1972, Raulo 1981) and its 
trunk also grows straighter than that of B. pubes-
cens (Kujala 1946, Sarvas 1949, 1951, Heiskanen 
1957, Verkasalo 1997b,c). As an exception, Mie-
likäinen (1985) observed that the crookedness 
of the butt log, the branchiness of the trunk and 
decay are more common in B. pendula than in 
B. pubescens but that the crookedness of the top 
and knottiness are more common in B. pubes-
cens. Longitudinally fl uffy and cross-sectionally 
light, hard, tight and glossy reaction wood, which 
makes tooling diffi cult, is very common in birch 
because of the crooks. In B. pubescens the propor-
tion of reaction wood may be as high as 25–30% 
(Ollinmaa 1956). Thus the utilisation of birch 
wood in the mechanical forest industry is compli-
cated by the relatively small size and crookedness 
of trunks and logs, branchiness and/or ovality, 
knottiness, frequent decay and discoloration 
(Heiskanen 1957, 1966, Heiskanen and Salmi 
1976, Kellomäki and Salmi 1979, Kärkkäinen 
1979, 1980, 1984, Salmi 1987a, Verkasalo 1990, 
1997a,b,c, Heräjärvi et al. 2000). Average dimen-
sions of birches used for saw and veneer logs are 
shown in Table 5.

Birches were divided into different groups 
based on the type of bark when much veneer 
birch was available (Warjus 1946). He claimed 
that the quality of wood can be determined on 
the basis of bark, wood of trees with thin grey 
bark being the best.

The combined effects of the defects in birch 
trunks are seen most evidently in the propor-
tions of usable and unusable trunks and trunk 
parts, and especially in the rejected saw timber, 
i.e. the difference between the log volume deter-
mined on the basis of size, and size and quality 
requirements together. Defects causing rejec-
tion are most common in over-aged, unthinned 
birch stands. The amount of rejection depends on 
the growing site, the birch species, and the age 

5.1 Properties of Logs and Wood in Sawing 
and in Use

The general properties of birch determine its 
applicability for sawn timber and for furniture. 
The factors affecting the yield of birch products 
are mainly the same both in sawing and in rotary-
cutting or slicing veneer (Lehonkoski 1937, 
Va neritutkimuksia... 1937, Jalava 1938b, 1943, 
1957, Enarvi 1939, Olavinen 1964, Heiskanen 
1966, Meriluoto 1966, Kärkkäinen 1978a,b, 
Tuompo 1988a,b, Verkasalo 1997a,b). There 
are, however, a couple of signifi cant differences 
between these industries in the relationship 
between product and raw material. The cut logs 
for sawing are longer than the veneer bolts, which 
makes it possible to remove a defective part from 
a veneer log but not from a saw log. However, the 
end-products made of sawn timber are usually 
quite short, which should be taken into account. 
Defects can be seen in larger a proportion of 
veneer sheets than of sawn timber pieces; but in 
veneer the defects are usually patched up. It is 
also possible to patch up defects in sawn timber 
pieces, although it is not common. Otherwise, 
when the yield decreases, defects in timber can 
only be ignored or avoided. On the other hand, 
false heartwood (e.g. Hallaksela and Niemistö 
1998), which is very common in birch, remains 
in the veneer core; but in sawing it goes into the 
heartwood piece. Thus all the factors affecting 
the size and defects of logs are harmful in sawing. 
For example, 2.75 m3 of log wood is needed, 
even 3.0 m3 if small low quality logs are used in 
quarter sawing, and 2.1 m3 of large good qual-
ity logs when sawn through for a cubic metre 
of edged and unedged sawn timber, respectively 
(Peltoranta, pers. comm.).

When the two Finnish species of birch are 
compared, Betula pendula has been observed to 
produce more wood than B. pubescens as it grows 
larger both when grown naturally (Lehonkoski 
1937, 1949, Warjus 1946, Koivisto 1958a,b, 
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and size class (Heiskanen 1957, Koivisto 1966, 
1968, Mielikäinen 1980, 1985, Verkasalo 1997b, 
Heräjärvi 2000). According to Salo (1954), the 
proportion of defective log-size birches is about 
44% of the total volume of birch, which cor-
responds to a loss in value that may be as high 
as 20%. The rejected saw timber in the top part 
of the trunk is often due to too many branches 
(Heiskanen 1957), but also to crooks, vertical 
branches and decay (Verkasalo 1997b,c).

After the saw timber from the top is rejected 
due to poor quality, trunks can be classifi ed into 
wholly usable trunks, trunks with rejected saw 
timber in the butt or in the middle of the trunk 
and totally rejected trunks (Heiskanen 1957). In 
southern and eastern Finland, for B. pubescens the 
proportion of wholly usable trunks was 52–65% 
and for B. pendula 59–76% depending on grow-
ing site (Heiskanen 1957), while in the district 
of Pohjanmaa Verkasalo (1997b) found 4–12% 

lower fi gures for B. pubescens and 12–30% 
higher fi gures for B. pendula. The number of 
totally rejected trunks was larger in Pohjanmaa 
(Verkasalo 1997b) than in southern and eastern 
Finland (Heiskanen 1957). Rejection of saw 
timber from the butt of the trunk was due to 
crooks, scars, decay, knots and surface checks 
depending on the growing site (Aro 1935, Salo 
1954, 1955, Heiskanen 1957, Verkasalo 1997b). 
Also for rejection of saw timber from the middle 
of the trunks, the most common reasons are 
crooks, knots and scars (Heiskanen 1957). The 
number of rejected log-size trunks is exception-
ally large if the birch stand has been cut selec-
tively, especially on dryish heaths (55%) (Sarvas 
1944). The reasons for total rejection are the same 
as for rejections of the butt and middle part of the 
trunk (Sarvas 1944, Heiskanen 1957, Verkasalo 
1997b); but in some cases, most important of all 
is decay (Sarvas 1944).

Table 5. Results on the average size of naturally regenerated log-quality birches in Finland. NFI – National 
Forest Inventory.

Research Area Birch species Growing site Number of Average 
    observations breast height
     diameter, cm

Heiskanen 1957 Eastern and southern B. pendula MT-OMT Hundreds 27.9
 Finland
   Fertile peatlands 100–200 23.5
  B. pubescens MT-OMT Hundreds 23.7
   Fertile peatlands Hundreds 19.8

Kohmo 1984 Southern, eastern and B. pendula All (7. NFI) Thousands 28.5 1)

 central Finland
  B. pubescens All (7. NFI) Thousands 25.1 1)

Verkasalo 1990 District of Päijänne, B. pendula MT-OMT 67 24.7
 central Finland B. pubescens Grassy peatland 51 23.7
   MT 43 22.2

Verkasalo 1997a,b Central and northern B. pendula VT+-MT 112 24.5
 Pohjanmaa
   Grassy Vaccinium 32 22.8
   myrtillus and 
   tall-sedge mires
  B. pubescens VT+-MT 80 23.9
   Grassy Vaccinium 204 21.8
   myrtillus and 
   tall-sedge mires

Luostarinen Northern Carelia B. pendula VT-MT 80 29.9
(unpublished)

1 Weighted by log volume
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The most serious factor decreasing the quality 
of birch wood are the dead branches below the 
living crown. This is because of their sensitivity 
to decay, which spreads readily through those 
branches into the trunk (Appelroth 1946, 1949). 
Birch trees are indeed very susceptible to decay-
ing of the trunk (e.g. Sarvas 1944, Heiskanen 
1957, Verkasalo 1997b). Factors that indicate 
decay in the trunk are old age, growing on thick 
peatland, damage caused by moles, checking of 
the trunk, scars and decayed knots (e.g. Heikin-
heimo 1917, Mikola 1942, Heiskanen 1957, Ver-
kasalo 1997b). The fact that a tree originates 
from a sprout does not directly indicate decay: 
Ferm (1990) observed that decay had spread 
from stump to sprout in only 25% of all decayed 
sprouts (54% of sprout-origin birches). Nor does 
the research of Verkasalo (1997b) support the 
idea of a relationship between sprout-origin and 
susceptibility to decay.

Trunks of planted birches are often irregularly 
shaped. In particular, 30-year-old birches grown 
in a fi eld have more bends at the base of the 
trunk, they are often more crooked and their 
tops are more often damaged than birches of 
the same age growing on mineral soil (Niemistö 
et al. 1998). Discolorations around the pith are 
also very common in planted B. pendula (Hal-
laksela and Niemistö 1998). The discoloured false 
heartwood is still hard in young, 18–30 year-old 
trees, its diameter is usually less than 4 cm and 
it reaches the height of 3–6 m. This is harmful in 
saw logs. The probable reasons for the discol-
oration are damage in the knots and bark. In 
addition, the amounts of bacteria and fungi are 
markedly increased in the discoloured wood com-
pared to sound wood. Real decay-causing fungi 
are absent in this stage, although incipient decay 
was observed in 6% of sampled birches (Hal-
laksela and Niemistö 1998).

5.2 Characteristics of Wood

5.2.1 Structure

Birch wood is diffuse-porous and the proportion 
of summer wood is small. The density of summer 
wood does not differ markedly from that of spring 
wood, and the rays are barely visible to the naked 

eye. The homogeneity in the structure and appear-
ance is an advantage for birch wood. The propor-
tions of vessels, rays and fi bres in the wood of B. 
pendula are about 18%, 7% and 75% by volume, 
respectively (Jensen 1950). In addition to these, 
the tissue includes some longitudinal parenchyma. 
Observations on B. pubescens show that its cross-
section contains fewer vessels and rays per unit 
area than that of B. pendula (Bhat and Kärkkäinen 
1980), but its fi bres are longer, as much as 
13% (Bruun and Slungaard 1959), and thicker 
than those of B. pendula (Kujala 1946, Bhat 
and Kärkkäinen 1980, 1981b, Mali 1980, Salmi 
1987a,b, see Ollinmaa 1955). There is, however, 
no signifi cant difference between the fi bre lengths 
of spring and summer wood (Ollinmaa 1958). The 
xylem of B. pendula and B. pubescens can be 
separated anatomically according to the perfora-
tion plates of the vessels (Bhat and Kärkkäinen 
1980), but this difference has no signifi cance for 
the quality of wood for utilisation by the timber 
or furniture industry. The anatomy of birch wood 
has been described in detail by many authors (e.g. 
Wallden 1934, Jensen 1950, Bhat 1980b, 1983, 
Kucera 1980, Bhat and Kärkkäinen 1981a,b, Vadla 
et al. 1982, Wagenführ 1996).

The size and proportion of different types of 
cells vary in different parts of the trunk. The 
proportion of fi bres decreases as the number of 
vessels and parenchyma increases from breast 
height to the crown (Bhat and Kärkkäinen 1981a). 
In a radial direction, the proportion of fi bres 
increases from core to surface (Wallden 1934, 
Bhat and Kärkkäinen 1981a), which explains 
the corresponding increase in density (Bhat and 
Kärkkäinen 1981a). The length of the fi bres 
(Wallden 1934, Bhat 1980b, Bhat and Kärkkäinen 
1981b) and their diameter, the thickness of the 
cell wall (Bhat 1983) and the length of the vessel 
elements (Bhat and Kärkkäinen 1981b) increase 
from the core to the surface of the trunk, while 
the cells become shorter from the butt to the top 
of the trunk (Bhat and Kärkkäinen 1981b). The 
length of the fi bres (Wallden 1934, Bhat 1980b, 
1983), the thickness of the fi bre wall, the percen-
tual amounts of fi bres and vessels (Bhat 1983) 
and the distance from the core (Bhat 1980b) 
correlate positively with the density of birch 
wood; but density correlates negatively with the 
height in the trunk and the thickness of the annual 
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ring (Hakkila 1966, Bhat 1980b).
Average anatomical properties of birch wood 

are presented in Appendix 3.
Reaction wood, which is common in birches, 

is heavier than average normal wood, because it 
contains fewer vessels than normal wood, and the 
fi bres are thinner and their walls (tertiary wall) 
are thicker than those of the normal wood, which 
means that their lumen is quite small (Ollinmaa 
1956). The great length of reaction wood fi bres 
is more likely connected to the different radial 
growth on different sides of a tree than to the 
reaction wood itself, because in B. pubescens 
the radial growth and the length of fi bres cor-
relate positively (Ollinmaa 1958). The lignin and 
extractive contents of reaction wood are, to some 
degree, lower but the cellulose content is mark-
edly higher than in normal wood (Ollinmaa 1955, 
1956).

Brown streaks may occur in the xylem at the 
butt end of the birch trunk. These streaks are very 
unfavourable, especially in veneer but also in 
sawn timber. The streaks are caused by the 
larvae of an insect, Phytobia betulae, which 
makes parenchymatic fl ecks in the xylem near 
the cambium (e.g. Kangas 1935, Salmi 1987a,b, 
Bhat 1980a,b, Ylioja et al. 1998). Bhat (1980a) 
observed that B. pubescens is more sensitive than 
B. pendula to P. betulae. In the study of Verkasalo 
(1997b) the difference between species was simi-
lar but very small.

5.2.2 Physical, Mechanical and Chemical 
Properties

In terms of utilisation, the woods of different 
European birch species are of equal quality 
(Sachsse 1988, 1989). The woods produced by 
the birch species that are economically important 
in Finland, B. pendula and B. pubescens, are 
not even separated at plywood or saw mills or 
in use. Exceptions are the masur, fl amy-grained 
and ice birch woods, which are variations of 
B. pendula (Jensen 1953, Salmi 1987a). Masur 
wood is due to abnormally grown rays (Salmi 
1987a, Fagerstedt et al. 1996), while in fl amy-
grained birch the direction of the fi bres is wavy 
(Salmi 1987a, Fagerstedt et al. 1996), and in 
ice birch the direction of the fi bres alternates 

irregularly, creating the refl ective appearance of 
ice (Jensen 1953). Colour of birch wood is com-
monly very light, plainly coloured with a yel-
lowish or reddish tone, but the wood of B. 
pendula may be slightly darker than that of B. 
pubescens (Salmi 1987a). B. pendula and B. 
pubescens do not produce heartwood (Farmer 
1981, Kärkkäinen 1984, Kucera and Myhra 
1996), although the core and the wood around the 
core usually turn dark (false heartwood), indicat-
ing the beginning of decay (Kucera and Myhra 
1996). 

The water content of a birch trunk is highest 
in the middle of the trunk (Nagoda 1969), except 
in the spring in the sapwood of the lower parts 
of the trunk (Peterson and Winqvist 1960). The 
moisture content of the tree base may be very 
low, especially in summer when the differences 
between the other, wetter parts of the trunk are 
small (Hakkila et al. 1970). Seasonal changes in 
the moisture content of birch timber may be as 
high as 40 unit percent (Hakkila 1962, Marjomaa 
1992). The difference in the moisture contents of 
fresh sap and core wood is, however, quite small 
(Salmi 1987a,b).

Birch wood is of medium density. The juvenile 
wood near the core is the lightest and the wood 
at or near the surface is heaviest. B. pubescens 
wood is somewhat less dense than that of B. 
pendula, 480 kg/m3 vs. 500 kg/m3 (Runqvist and 
Thunell 1945, Kujala 1946, Ollinmaa 1960, Hak-
kila 1966, 1979, Velling 1979, Wagenführ 1996, 
Verkasalo 1998), but there is no difference in the 
wood density of rapidly and slowly growing trees 
within a species (Ollinmaa 1960). The medium 
wood density guarantees suffi cient strength, elas-
ticity, ductility and fl exibility for carpentry and 
the furniture industry (Salmi 1987a,b). Owing 
to the relationship between density and strength, 
the lighter B. pubescens is, both in products of 
solid wood and in veneer, slightly weaker than 
B. pendula (Jalava 1945, Kujala 1946, Ollinmaa 
1960, Mali 1980, see Ollinmaa 1955); but in prac-
tice this difference is masked by knots and angled 
grain. Birch wood swells and shrinks moderately 
as the ambient moisture content fl uctuates. Physi-
cal characteristics of birch are discussed in detail 
by e.g. Kucera (1980) and Vadla et al. (1982).

The tensile strength of birch wood is quite 
low when compared to the density of the wood 
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(Jalava 1938a), which is partly why birch wood is 
not used as structural timber (Kärkkäinen 1984). 
Nor is birch wood very hard, but the hardness 
can be improved by pressure treatment with high 
temperature and humidity (e.g. Viitaniemi 1996), 
although heat treatment may reduce the modulus 
of rupture (Viitaniemi and Jämsä 1996). Fresh 
reaction wood, in particular, (Ollinmaa 1956, 
Kärkkäinen and Raivonen 1977) but also dried 
normal wood of birch is weak with regard to 
compression strength (Ollinmaa 1955). The bend-
ing strength is best and the fi bres longest at a 
height of three metres in the trunk where the den-
sity is also highest (Wallden 1934). The strongest 
wood contains the fewest vessels (Wallden 1934). 
Mechanical characteristics of birch are discussed 
in detail by e.g. Vadla et al. (1982).

Dried birch wood is very durable in dry condi-
tions; but outdoors, in alternating weather and 
moisture conditions, it is very sensitive to fungal 
and insect damage and it decays rapidly (e.g. 
Kucera and Myhra 1996, Wagenführ 1996). 
Thus it is not suitable for outdoor use (Farmer 
1981, Wagenführ 1996, see Kucera and Myhra 
1996), even though some good results have 
been achieved in impregnation tests of birch 
wood (Borup and Rennerfelt 1960, see Vadla et 
al. 1982, Kucera and Myhra 1996). However, 
impregnated birch wood is not in use.

Average physical, mechanical and chemical 
properties of birch wood are presented in 
App endix 3.

5.3 Variation in Wood Properties by 
Growing Site and the Effects of 
Silviculture on These Properties

The growing site is of primary importance for the 
growth rate of birch and for the quality of birch 
logs (Appelroth 1949, Heiskanen 1957, Verkasalo 
1997b,c). Unlike conifers, the strength of birch 
wood is improved by rapid growth (Jalava 1945). 
In birch trees grown on unfertile soils, the high 
lignin content of the xylem impairs the strength 
of the wood (Liepins 1933). In addition, rapid 
growth decreases the transverse and volumetric 
shrinkage but slightly increases the longitudinal 
shrinkage and the amount of juvenile wood 
(Dunham 1996). B. pendula grows on more fer-

tile sites than B. pubescens does (Heiskanen 
1957), which surely affects its superiority as sawn 
timber. In addition to the soil, light also affects 
birch growth (e.g. Messier and Puttonen 1995); 
and despite the amount of light, the xylem pro-
duction in stem and branches differs markedly 
between different parts of the crown. This affects 
the tapering of the trunk (Denne et al. 1994).

Pure naturally grown birch stands are quite rare 
nowadays as there are few burn-beaten areas: 
birch commonly grows in mixed forests with 
conifers. In pure birch stands the dominant trees 
have the best shaped trunks, while in mixed for-
ests with conifers the dominated birches may 
have the best trunks, at least in northern Finland 
(Tikka 1949). Appelroth (1949) claimed that the 
best birches grow in spruce forests if birch grows 
as an equal with spruce, while in Scots pine for-
ests the dominated birches grow slowly because 
the availability of light is limited (Messier and 
Puttonen 1995). 

Birches growing on mineral soils produce wood 
and timber of better quality than those growing 
on peatlands, which may be partly due to the fact 
that more B. pubescens than B. pendula grow 
on peatlands (Heiskanen 1957). In spite of this, 
the best peatlands, e.g. spruce mires, can grow 
birches of good quality (Lukkala 1931, Lappi-
Seppälä 1933, Verkasalo 1997b). When peatlands 
are reforested, B. pubescens is an acceptable 
alternative, even though it is not favoured on 
mineral soils (Saramäki 1977, 1981, 1994, see 
Kärkkäinen 1984). However, according to Ver-
kasalo (1997b,c), B. pubescens growing on min-
eral soils is more valuable than it is usually 
believed to be. Birches planted on a fi eld are often 
thicker than birches grown on mineral soils, but 
no differences in length were observed (Niemistö 
1998b). Also, the branches are thicker in birches 
growing on a fi eld than in those on mineral soil, 
and the thick branches are pruned slowly. Defects 
in trunk form are, however, more common in 
birches growing on a fi eld. Birches, especially 
B. pubescens, grown on the rare remaining burn-
beaten areas very often have decayed from inside 
the trunk (Heikinheimo 1915).

Young birches should grow in dense stands so 
that the trees grow straight and the lower branches 
die and drop (Appelroth 1949, Niemistö 1995a). 
If the branches do not drop naturally, pruning 
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is a good way to improve the quality of saw or 
veneer log wood in order to produce sound and 
knotless sapwood both in planted and in natural 
forests. The problem with pruning is that it easily 
causes decay. Therefore it should be done care-
fully without affecting the tree itself and only for 
dead branches (Appelroth 1949, Raulo 1981), or 
for living branches smaller than 15 mm in diam-
eter (Rintala 1995, Verkasalo and Rintala 1998). 
Selective cutting may also seriously damage the 
remaining birches. This shows up later as decay 
(Sarvas 1944, Salo 1954). As a growing tree, 
birch is indeed very sensitive to decay, and defects 
may signifi cantly lower the quality and value of 
the trees (Ohman 1970, see Kärkkäinen 1984). To 
guarantee good growth rate and branch dropping, 
thinning should be done when growth has started 
properly and proceeded a while (Appelroth 1949, 
Niemistö 1995a). If thinning is too extensive, 
the branches will grow thicker (Cameron et al. 
1995, Dunham 1996) and the tapering of the 
trunk increases (Cameron et al. 1995). In addi-
tion, the increase in light caused by thinning 
may emphasise the growth of epicormic branches 
on the trunk (Zobel and van Buijtenen 1989); 
such branches have also been observed to occur 
on Finnish birches (Heiskanen 1957, Verkasalo 
1997b). Too large a growing space increases the 
butt swelling, shortens the branchless trunk and 
decreases the total length of at least B. pendula 
(Dunham 1996). Thus, density of the stand affects 
the diameter growth of the trees (Cameron et al. 
1995, Niemistö 1995b), but does not have much 
effect on the quality of the wood (Cameron et al. 
1995, Dunham 1996). In some hardwoods it has 
also been observed that the size of growing space 
affects the amount of growth stresses in the wood 
(Saurat and Gueneau 1976, Waugh 1977, Polge 
1981, Ferrand 1982).

On both mineral soils and peatlands, the growth 
rate of birches can be improved to some extent 
by forest improvement measures. Ditching of 
peatlands has been shown to increase the growth 
of birch and simultaneously strengthen the wood 
(Ollinmaa 1960). Fertilising may slightly reduce 
the density of the wood while also increasing the 
growth rate (Saikku 1975). Nitrogen fertilisation 
during the next summer after planting may cause 
a short-term increase in height growth by as much 
as 80% (Viro 1974), and different types of nitro-

gen fertilisers have the same effect (Paavilainen 
and Norlamo 1975). For well-growing seedlings 
fertilisation is unnecessary in the viewpoint of 
growth (Oikarinen and Pyykkönen 1981, Raulo 
1981, Moilanen 1985), but it may be reasonable 
to fertilise trees that are almost log-size (Raulo 
1981).

5.4 Breeding and Renewal of Forests 
with Birch

The breeding of birches in Finland has concen-
trated on the more important of the two Finnish 
birch species, B. pendula, while B. pubescens 
has not been bred as extensively (Lepistö 1970, 
Viherä-Aarnio 1989, 1990). Breeding work in 
Finland has been going on for some decades. The 
growth rate of the trunk (Raulo and Koski 1977, 
Raulo 1979, 1981, Lepistö 1981, Hagqvist 1986, 
1998), the form of the trunk and the branchiness 
(Raulo 1979, 1981) can be improved by breeding, 
but a factor that complicates the work is that good 
growth rate, good external quality and high wood 
density seldom occur together (Velling 1979). In 
addition, a harmful positive correlation has been 
observed between wood density and shrinkage, 
while growth rate and density do not affect each 
other (Nepveu and Velling 1983). On the other 
hand, cloned B. pendula plantlets have proved 
to be quite different in growth, whereas tissue-
cultured plantlets of the same origin and seedlings 
of the same origin have grown quite similarly  
(Minkkinen 1992). Selection of fast-growing and 
well-producing birch progenies is thus considered 
to be the best method for establishing economi-
cally profi table birch stands (Wang and Tigerstedt 
1996, Hagqvist 1998).

Gene manipulation is also under investigation 
in birches, but the research is still fairly new and 
has not yet produced any commercial strains. 
A gene that has been transferred into birch (B. 
pendula) is the chitinase gene (Keinonen-Mettälä 
and von Weissenberg 1999), which is supposed to 
improve the resistance to fungi by breaking down 
the chitin in the cell walls of fungi (Tuominen, 
pers comm.). Transfer of genes that identify the 
‘stress hormone’ ethylene is also under investiga-
tions. The role of ethylene in e.g. ozone and 
pathogen stress as well as in cold tolerance are 
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investigated in this way, and such studies may 
lead to the improvement of stress tolerance if the 
genes involved in the process can be recognised 
(Tuominen, pers. comm.). This might improve the 
quality of wood, e.g. by decreasing the discolora-
tions and decay caused by fungi and bacteria 
spreading through frost cracks. The lignin synthe-
sis of B. pendula is also under genetic investiga-
tion. The synthesis is investigated by transferring 
genes that affect lignin synthesis, e.g. the O-meth-
yltransferase gene, to micropropagated birches. 
The purpose is to ascertain how this gene affects 
the properties of wood (Häggman 1998).

A birch stand can easily be renewed because 
birch produces many seeds and the growth of 
seedlings is rapid especially if the ground is 
broken, e.g. by plowing, and fertilised. A cer-
tain progeny can thus be cultivated by sowing 
although the competition from the undergrowth 
may be harmful (Raulo and Lähde 1976, 1981). 
Planting of seedlings on a reforested site is, how-
ever, the most common (Mikkola 1997) and the 
most reliable (Saksa 1998) method, but the risk 
of trees developing butt crooks or sweep is higher 
with planted seedlings than with sowed seedlings 
(Kurkela 1977). The right technique in planting 
is also important because roots placed unsym-
metrically may cause the tree to grow askew and 
thus produce much reaction wood – such trees 
are also susceptible to wind and snow damage 
(Zobel and van Buijtenen 1989). Many crooked 
trunks and bends at the bases of the trunks of 
planted birches due to the leaning of the tree have 
been observed (Niemistö 1998b). The mortality 
of small seedlings is the highest; thus planted 
birch seedlings should be as large as possible 
(Raulo et al. 1998). See the summary of birch 
cultivation written by Raulo (1978).

Both in sowed and planted stands, weed control 
is important even with large seedlings (Leikola 

1976), especially on fertile sites (Niemistö 
1995b). It has been observed that the use of 
herbicides increases the growth of B. pendula 
seedlings signifi cantly, while cover plants and 
chips increase the damage caused by moles (Ferm 
et al. 1994). In general, damage by animals, both 
insects and mammals, has proved to be a serious 
problem in planted B. pendula stands (Juutinen et 
al. 1976, Raulo and Lähde 1977, Lähde and Raulo 
1977, Annila 1979). These stands are believed 
to be extremely sensitive to Phytobia betulae 
because the planted stands are spacious compared 
to natural stands, which makes the conditions 
favourable for the fl y (Schulman 1989, Ylioja et 
al. 1998). Fast-growing birches have been found 
to be more susceptible to Phytobia attack than 
slow-growing ones (Ylioja et al. 1995, Niemistö 
1998a). Fortunately, the damage is apparently 
mostly located near the core (Niemistö 1994, 
1998a).

Renewal of a birch stand by coppicing is a 
questionable alternative if the aim is to produce 
trunk wood of good quality (Tikka 1949, Ollin-
maa 1955, 1956, Verkasalo 1997b) and free from 
decay (Mikola 1942, Tikka 1949, see Ferm 1990, 
Verkasalo 1997b). This is due to the fact that 
birch sprouts from the basal buds are located 
in the stump (e.g. Kauppi 1989) and thus the 
sprouts start to grow crooked as they try to grow 
upright although they must also give space to 
other sprouts in the same stump. Coppicing may 
be a good alternative when birch is cultivated 
for pulpwood (Kärkkäinen 1984, Ferm 1989, 
1990) because the growth rate of the sprouts is 
extremely good in the beginning (Kauppi 1989), 
even though in a few years the rate declines to the 
same level as that of seedlings (Paukkonen and 
Kauppi 1998). In addition, coppicing increases 
the sprouting potential because it causes the basal 
buds to branch vigorously (Kauppi 1989).
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6 Birch Timber from Forest to Product

1959, Hakkila 1963, Henningson 1964, 1970, 
Salmi 1964, Hakkila et al. 1970, Pekkala and 
Uusvaara 1980, Aantio 1987, Verkasalo 1993). 
This depends, however, on the conditions of the 
particular summer because weather and insect 
conditions vary greatly from year to year (e.g. 
Kangas 1935). Logs with bark do not dry during 
storage so much that their susceptibility to decay 
would decrease (Heiskanen 1958, 1959), but 
drying checks that reach the core (heart checks) 
may develop rapidly (Aro 1960). For example, 
Salmi (1964), Pekkala and Uusvaara (1980) and 
Verkasalo (1993) observed that storing decreases 
the density and moisture content of birch wood; 
but according to Verkasalo (1993), this decrease 
is less in B. pubescens than in B. pendula. Dis-
colorations are common, especially in birch wood 
imported from Russia; the reasons for this are 
probably the high age of the trees and the long 
storage time (Verkasalo 1997c). Birch logs stored 
in water remain without discolorations while “air 
storing” causes discolorations (Heiskanen 1958, 
1959). Storing in water causes other defects, how-
ever, e.g. waterlogging as a result of increased 
permeability (Esping 1996), and is not used for 
birch saw logs.

Birch trunks are usually cut into logs and 
trimmed immediately after felling; but earlier, 
leaf-felling was important especially for veneer 
birches (e.g. Jalava 1938b, Hakkila 1963, Hak-
kila et al. 1970). In leaf-felling the branches and 
leaves are left on the tree providing a large surface 
for evaporation of the water from the wood (e.g. 
Jalava 1938b). In this way a birch trunk may 
in 3–4 days lose 40–50% of the water it con-
tains when fresh (Jalava 1938b, Hakkila 1963). 
Birch trunks leaf-felled in July and August do 
not discolour during the felling summer, but dis-
coloration starts to develop immediately at the 
beginning of the next summer (Jalava 1938b). 

When manufacturing of plywood increased, 
birch logs had to be purchased quite far from the 
factories, and therefore birch log fl oating started 
and was carried out as the softwood logs had 

6.1 Felling, Transport and Storage

Birch was the last Finnish tree species for which 
mechanised felling was started. At the time it 
was doubted that machine logging would cause 
detrimental peeling of birch logs, defects in the 
wood when trimming, and end splits during fell-
ing or cutting into lengths. These defects decrease 
the yield of veneer or sawn timber and thus also 
the quality (Mäkelä 1993). Peeling and end splits 
as well as inaccuracy in cut lengths do indeed 
occur when logged by machine in early summer, 
but in other months the differences between logs 
cut by machine or by man in terms of the numbers 
of the defects referred to above were quite small 
(Mäkelä 1993, 1994). The inaccuracy in lengths 
is due to the peeling of the bark because this 
peeling makes feeding of the trunks diffi cult 
(Mäkelä 1994). The most important factors 
affecting splitting in mechanised felling are the 
working techniques, experience and training of 
the driver (Mäkelä 1993). On the other hand, 
trimming defects are always more common in 
machine-cut logs, especially with machines that 
have feeding reels made of steel, than in man-
made logs (Mäkelä 1993, 1994).

Felling in the winter is recommended for birch 
because icy trunks are not damaged during stor-
age. In an experiment, birch logs felled in winter 
were buried in the snow and then covered with 
sawdust. This method kept the temperature of the 
storage lower than +2.5 °C during the summer, 
and in the autumn the logs seemed to be in a 
condition corresponding to freshly felled trunks 
(Metsäliitto hankkii... 1997). During warm sea-
sons birch logs do not tolerate long storage 
because discolorations, checks, decay, and insect 
damages develop rapidly in the forest and in 
industrial storage (Jalava 1938b, Henningson 
1964, 1970, Salmi 1964, Hakkila et al. 1970, 
Pekkala and Uusvaara 1980, Aantio 1987, Ver-
kasalo 1993). If storage lasts only one summer, 
however, logs do not usually get serious decay or 
insect damage (Jalava 1938a, Heiskanen 1958,  
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been fl oated earlier. The reason for fl oating was 
its cheapness, ease and also the fact that it may 
have been the only way to transport the logs 
(Jalava 1938b). To fl oat, birches must be leaf-
felled, because the heavy, water-laden logs sink 
easily (Jalava 1938b, Hakkila et al. 1970). To 
prevent the storage defects, fl oating should be 
done either during the felling summer or at the 
beginning of the next one, depending on the date 
of felling (Jalava 1938b, Hakkila et al. 1970). 
Nowadays, when trees are felled by machine, 
they are transported mainly by truck but also by 
train. The damage occurring during transport is 
thus minimal.

6.2 Sawing and Drying

The method of sawing is important in determin-
ing the quality of hardwood sawn timber. Factors 
that should be taken into account in choosing 
the sawing method are shrinking and checking 
during drying, deformations and the dimensions 
of the sawn timber (Saimovaara 1994). The fol-
lowing course of sawing is recommended (Hoad-
ley 1980): fi rst the surface of the log is sawn away 
to determine the internal quality, then the log is 
sawed into blocks, juvenile wood is removed, 
blocks are allowed to dry for a couple of months 
to a couple of years to remove the growth stresses, 
blocks are quarter-sawn and fi nally the boards 
are dried slowly (2–3 years). In practise this is 
not possible at the Finnish sawmills because it is 
too expensive a method. Sawmills must be able 
to send the wood to the industry as rapidly as 
possible.

Quarter-sawn wood makes the board surfaces 
uniform, because the texture of the annual rings 
is constant. It also decreases the disadvantages 
of shrinking and swelling because the different 
tangential and radial deformations can be directed 
in their own directions. In spite of this, almost all 
wood in the mechanical wood industry is sawn 
through, usually in the direction of the pith, and 
after that the timber is dried artifi cially. This 
method makes good use of, in particular, sapwood 
of good quality (Kataikko 1996). Sawing through 
in the direction of surface might be even more 
profi table with logs with a strong taper resulting 
in straight grains; deformations may decrease and 

the sapwood can be used as effi ciently as possible 
(Paukkonen et al. 1999). The double cut method 
is also used with birch. Its advantages in birch 
sawing are the speed of the sawing process and 
the possibilities to automate sawing compared to 
e.g. through-sawing. Thus double cutting is 
used mainly for small logs and thick defective 
logs, when no marked increase in value of the  
timber can be achieved by “quality sawing”. 
Because bark slows drying, the birch logs are 
sometimes debarked before sawing (Verkasalo 
1997c). Sawing methods for hardwoods are dis-
cussed in detail e.g. by Hoadley (1980) and by 
Keinänen and Tahvanainen (1995).

While steaming (Salmi 1987a,b) and artifi cial 
drying change the colour of birch wood to yellow-
ish, reddish or brownish, even spotty, especially 
inside the boards, birch wood has been shown to 
retain its light colour when boards are allowed to 
dry in room conditions (Paukkonen et al. 1999). 
Discolouring of the inner parts of pieces of sawn 
timber means that a light layer of some mil-
limetres thick occurs at the board surface, caus-
ing stripes in glued birch products. Preliminary 
examinations of birch wood discoloration suggest 
that phenolic proanthocyanidins may be involved 
in the colour reactions during kiln drying (Pauk-
konen et al. 1999, Paukkonen and Luostarinen 
1999, Luostarinen and Luostarinen 2000). The 
extractives, e.g. phenolic substances, are located 
mainly in the rays and in the longitudinal paren-
chyma (Perilä 1954, Perilä and Toivonen 1958, 
Paasonen 1967). Fungi and bacteria may also 
be involved, as they have been found in both 
discoloured and light birch wood (Hallaksela and 
Niemistö 1998); and in other hardwoods it has 
been shown that the change in pH caused by 
bacteria and fungi may change the colour of 
certain phenols in the wood (Zimmermann 1974, 
Starck et al. 1984, Bauch et al. 1985, Yazaki et 
al. 1985). 

Drying, especially drying of thick birch planks 
is diffi cult with the conventional kiln process 
(e.g. Johansson 1996, Harinen, pers. comm.). 
Even a drying schedule that has usually worked 
well may sometimes produce discoloured wood 
(Harinen, pers. comm.). Birch boards have been 
successfully dried without discolorations if the 
temperature at the beginning of the drying process 
has been ca. 30 °C and then raised gradually to 
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70 °C (Harinen, pers. comm.). The drying tem-
peratures that have been tested for birch planks 
are about the same, but the temperature at the 
beginning of the drying process has been set at 
50 °C; this study does not refer to the wood 
colour at all (Jørgensen et al. 1995). Vacuum 
drying, in which water boils at low temperatures 
(air pressure 100–200 mbar, corresponding to a 
water boiling point of 45–60 °C) and it is possible 
to dry wood in few days, have proved to be good 
for drying birch as the colour remains evenly 
light (Varis 1997, Lahtinen, pers. comm.). 

Stacks cause discoloured spots in birch wood 
during drying (sticker staining). Stacks made of 
plastic do not cause spots, but they are too expen-
sive to use; grooved aspen stacks have also proved 
to be a good alternative (Peltoranta, pers. comm.). 
To minimise sticker staining, stacks should be 
as dry as possible (Smith and Herdman 1996), 
and stacks made of different tree species may 
affect the development of staining differently 
(Peltoranta, pers. comm.). 

A user of birch sawn timber claims that to avoid 
discoloration birch needs to be stored between 
sawing and fi nal drying (Kataikko 1996); but 
if storage is timed to very warm weather, this 
may also cause discoloration (pers. obs.). For 
example, a user of a birch sawn timber wants 
birch to be sawn by the end of March and then 
allowed to dry a couple of months outside before 
fi nal drying (Peltoranta, pers. comm.). Drying 
that occurs during the transit storage of both 
logs and sawn timber also decreases the drying 
costs.

During drying, the reaction wood of birch often 
remains lighter than the normal wood (Ollinmaa 
1956), which may be due to the smaller extractive 
content of reaction wood (Ollinmaa 1955). This 
increases the spotted appearance of birch wood. 
Reaction wood also checks readily, and strains 
that cause warping, twisting and checking cannot 
be avoided (e.g. Ollinmaa 1956, Kärkkäinen 
1984). A suffi ciently long conditioning and the 
subsequent cooling are also necessary for normal 
wood in order to minimise strains, moisture gradi-
ent and checking in dry timber (Tronstad 1993, 
Jørgensen et al. 1995). In a sawing experiment 
strains have indeed proved to be the most seri-
ous problem depending on the birch wood itself, 
while checking and deformations were connected 

with drying conditions and could be minimised 
by sorting the sawn timber by length before 
drying (Fjaertoft and Bunkholt 1994). Sorting of 
sawn timber on the basis of the orientation of 
annual rings may also be useful because Pauk-
konen et al. (1999) observed that birch boards of 
different annual ring orientation deformed differ-
ently in different drying conditions. On the other 
hand, drying without weights on the load has not 
induced marked deformations to the upper boards 
of the load (Peltoranta, pers. comm.). 

Heart checks may develop in birch timber 
during drying or steaming (Aro 1960, Juvonen 
and Kariniemi 1984, Kärkkäinen 1984), but most 
checking that is due to drying is limited to those 
birch boards which contain the core (Jørgensen 
et al. 1995). However, checking is not a serious 
problem in birch drying, as even the largest end 
checks, which are most common in boards sawn 
from large butt logs, can easily be ignored in use 
without signifi cant amount of waste wood (Pel-
toranta, pers. comm.). The checking that occurs 
during drying has been studied theoretically also 
with birch by Siimes (1967).

6.3 Woodworking and Finishing

Tooling manually and machining are both easy 
with birch wood, in particular turning but also 
sawing, planing, veneering and carving (Salmi 
1987a,b, Wagenführ 1996, see also Vadla et al. 
1982, Kucera and Myhra 1996). On the other 
hand, ripping is quite diffi cult, as is any tooling of 
reaction wood. Drying may cause case-hardening 
and thus stresses in the wood. These stresses are 
freed after ripping or planing of one surface and 
cause board deformation, which makes machin-
ing more diffi cult and increases the amount of 
waste wood (e.g. Kollman and Côté 1984). Irreg-
ular fi bre directions and knots also make dif-
fi culties in tooling, especially in planing and in 
bending (Kucera and Myhra 1996), but without 
them bending, in particular, is easy (Farmer 1981, 
Kucera and Myhra 1996). The differences in 
density affect the power needed in turning and 
sawing, which means that lighter B. pubescens is 
slightly easier to tool than B. pendula (Meriluoto 
1966). This may be the reason for the opinion 
that B. pubescens veneers and sawn surfaces are 
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more beautiful and smoother than those of B. 
pendula (Appelroth 1946). The planed surfaces 
of birch wood are commonly smooth and shine 
beautifully (Salmi 1987a). The shining makes 
wide surfaces look stripy if the grains in adjacent 
battens are not parallel.

When the forces needed for machining of sev-
eral tree species were compared, birch machining 
required average force (Kivimaa 1952c, Kollman 
and Côté 1984). Cutting force is related to the 
density of the wood as well as e.g. to the thickness 
of the chip, blade angles, material and size of the 
blade, cutting depth, direction of cutting, wood 
temperature and moisture content (e.g. Kivimaa 
1952a–d, Kollman and Côté 1984). The cutting 
force needed for birch wood is greatest when 
the moisture content is about 11%. Cross-cut-
ting requires the most force, 9 kp/cm (chip thick-
ness 0.1 mm), ripping longitudinally requires 3.5 
kp/cm and ripping radially and tangentially 2 
kp/cm (Kivimaa 1952 a–d).

The most important of the blade angles is the 
hook angle. When birch is cross-cut, the optimal 
angle is 45–53°, and for ripping it is about 60°. 
To achieve the minimum cutting force these hook 
angles need lip angles of about 30° and 20°, 

respectively; the optimal clearance angle is 10° 
(Kivimaa 1952c). When planing, the hook angle 
should be about 10°, because with larger angles 
the fi bres of birch wood tend to rise (Kivimaa 
1952d). However, machining with this small 
hook angle requires considerable force (Kivimaa 
1952d). The velocity for cutting birch should 
be 28–33 m/s (Wagenführ 1996), although the 
velocity does not affect the cutting force (Kivimaa 
1952d).

Joints of screws, nails and glue hold well 
(Farmer 1981, Vadla et al. 1982, Salmi 1987a,b, 
Redner and Rognerud 1991), although predrill-
ing for screws is recommended (Farmer 1981, 
Vadla et al. 1982). Blueing caused by metal cor-
rosion may occur (e.g. Salmi 1987a,b, Redner and 
Rognerud 1991). Finishing (lacquering, staining) 
gives good results (Salmi 1987a,b, Kucera and 
Myhra 1996); and as a light-coloured wood, birch 
is easy to stain to resemble many other, e.g. tropi-
cal timbers (Redner and Rognerud 1991, Kucera 
and Myhra 1996). Polyester lacquering may, 
however, cause defects in fi nishing (Wagenführ 
1996). 
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7 Research Related to Birch Wood and Utilisation 
in Finland and Their Needs

Research has only recently been focused on 
planted birch as the oldest planted stands have 
reached the log size. It is not sure that they are 
similar to natural birches in procurement and 
processing, depending on their new growing sites, 
sometimes abnormal for birch. Thus, discolora-
tion and deformations of wood of planted birches 
during drying are studied, as well as factors that 
affect the wood quality in living trees, e.g. decay 
and discoloration caused by microbes of green 
wood. In this context, the growing site and spac-
ing and their infl uences on aesthetic properties of 
wood, e.g. knottiness and other internal defects, 
are under investigations.

In addition, research in the fi eld of gene tech-
nology includes research that may affect or 
improve the properties of birch wood. 

7.2 Research Needs

There is a need to develop the procurement 
of birch timber, both from fi nal fellings and 
thinnings, and consequently the whole chain 
from forest to end-use. The problems have been 
defi ned, but there has been no intensive search 
for solutions. The problems are not due to the 
lack of log-size birch trees, but rather to the fact 
that the resources are scattered in conifer and 
mixed forests or on special growing sites, which 
may be valuable conservation sites.

Demand of high-quality birch as roundwood or 
sawn goods for different needs of further process-
ing has not ever been nor will be a problem for 
forest owners growing birch. Actual defi ciency 
for both B. pendula and B. pubescens is the small 
proportion of good-quality, large-size logs of the 
total production during the whole rotation period 
compared with Scots pine and Norway spruce 
at similar growing sites. Accordingly, the main 
concerns continue to be, on one hand, in respect-
ing and improving the quality of birch timber 
stock in all phases of silviculture and wood pro-

7.1 Current Research

Many research and development projects on birch 
have been started by research institutes and uni-
versities, and as regional and local projects. This 
is motivated by the fact that there are good pos-
sibilities to increase the sawing and related further 
processing of birch in Finland, especially in many 
rural areas. In addition, the future of Finnish 
birch as a plywood raw material is not necessarily 
guaranteed and there is not enough demand for 
domestic small-sized birch timber, which means 
that new applications are being sought.

Great attention is now paid into the availability 
and properties of birch wood and their improve-
ment, as the processing methods and logistics of 
birch from forest to end-product have not been 
developed as much as the quality needs set to 
birch timber and end-products would require. This 
includes the environmental factors (growing site, 
climate, silviculture, etc.) and their effects on wood 
properties. Factors associated with timber pro-
curement, e.g. felling date, storage, bucking and 
sorting, are also included. In these and in sawing 
studies, an important standpoint is that of end-
use. As the availability of birch timber is getting 
more diffi cult, both in quantity and quality, meth-
ods of economic and profi table sawing of small-
dimensioned logs, both in length and diameter, 
have been developed. Factors of timber trade and 
profi tability of forest management for the owners 
is also an issue for discussions and research.

A property that has become important in the 
context of joinery and furniture industries, e.g. 
parquetry, is the colour of birch wood: uniformly 
light-coloured wood is wanted in order to max-
imise the price or even to make sure that dried 
birch wood can be sold to factories. Thus, colour 
controlling in drying process and the chemical 
background of discoloration are under investiga-
tions, regarding both conventional and vacuum 
drying processes. Drying as a whole needs a lot 
of research for practical applications.
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curement, and, on the other hand, innovating and 
developing profi table uses for medium- and low-
quality birch.

The large proportion of weak-quality log-size 
birches also causes problems. Consequently, 
because of their small amount in individual 
stands, even good quality butt logs are not prop-
erly sorted when these sites are being cut. Thus 
the sorting done in the forest should fi rst be 
developed at fi nal fellings and thinnings, but it 
might help to increase the cultivation of normal 
and masur birch in abandoned fi elds.

Even quite small birch logs, i.e. 2–3 m in length 
and less than 18 cm, maybe down to 10 cm in 
diameter, could be sorted profi tably for sawing, 
as not only speed and productivity but also good 
quality are important factors in birch sawing. 
One estimate claims that, based on the form of 
the trunk and soundness of the wood, as much 
as 20–25% of the domestic birch roundwood 
going to pulp mills could be used as sawn wood 
(Kuusisto, pers. comm.). A recent investigation 
suggested an average yield of 12% for saw logs 
with the minimum diameter of 11 cm and length 
of 2.2 or 3.3 m from the total birch timber volume 
from thinnings, ranging from 3 to 18% by stand 
(Heräjärvi et al. 2000, Rantanen et al. 2000). 
For that, however, an automatic sawing equip-
ment, with the line speed of 50–70 m/min at its 
minimum, would be necessary to improve the 
productivity of the process and the yield and 
quality of sawn goods from small logs, 7–25 cm 
in diameter.

Billet and component manufacturing should 
also be developed to optimise the use of wood. 
Their benefi ts are the good effi ciency of the raw 
material, the sorting of timber according to its 
quality for the best end-uses, the decrease in the 
need of furniture and joinery industries to invest 
in primary processing, and the stabilisation of 
price changes in raw material and bulk products. 
To optimise billet and component making, sort-
ing, settings in sawing and bucking by grade, the 
physical and chemical properties, their alteration 
and dependence on the growing site and location 
of wood in the radial and longitudinal directions 
of birch wood should be determined.

If no other way is found, it may be possible 
in the future to produce birches with a certain 
property by gene technology. For example, if 

selecting trees that do not discolour during drying 
is not enough, it may be possible to create this 
property by gene manipulation. However, this 
requires the knowledge of chemical and genetic 
factors affecting the specifi c property.

In the development of the furniture and joinery 
industries and in this way in raising the process-
ing grade of the forest industry, the design, mar-
keting, technical development of saw technology 
and increasing of wood use are all in key position. 
In addition, the raw material supply for the indus-
tries should be guaranteed, both in quality and 
quantity. Since the domestic markets for furniture 
and joinery products are limited, export should 
be increased. In order to increase interest in the 
Finnish products in the potential export countries, 
the industries should embark on the diversifi ca-
tion and uniqueness of the production. High qual-
ity and industrial design are the keypoints. 

In conclusion, a summary is presented of the 
research needs that appeared directly or were 
concluded from the data collected, to increase 
and intensify the utilisation of birch. These needs 
can be looked at from the standpoints of forest 
management, timber sales, wood procurement, 
wood industries, trade of wood products and end-
uses. We emphasise the following issues:
1) possibilities to increase cuttings of domestic birch 

timber (thinnings, plantations and mixed stands 
with birch, among others),

2) expected timber recovery for different assortments 
and income from timber sales when harvesting 
different types of birch stands,

3) quality requirements for different assortments of 
birch roundwood, bucking stems, sorting round-
wood timbers and channelling timber fl ow to dif-
ferent uses,

4) utilisation and improvement of the natural proper-
ties and genetic features of birch,

5) solving the practical problems related to sawing 
birch (yield and grade of sawn timber, sawing pat-
terns, technical solutions, production economy),

6) solving the practical problems related to further 
processing of birch (discoloration and deforma-
tions during drying, billet and component manu-
facturing),

7) potentials for and restrictions of utilising birch 
wood, timber and products, and

8) market expectations and success factors of birch 
products.
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Appendix 1. Minimum dimension and quality requirements for birch saw logs and special logs for furniture 
veneer of Vilkon Ltd. (Sahakoivun... 1988) and for plywood birch of Schauman Wood Ltd. (Vanerikoivun... 
1998).

Characteristics Saw birch 1) Special birch 2) Plywood birch 3)

Smallest diameter of log measured 20 cm 24 cm 18 cm
from the thinnest side over bark
Largest diameter of log 65 cm 85 cm 65 cm
Length of log 3.1–5.2 m 4.0–5.8 m 3.1–7.0 m
  (2.6 and 2.8 m
  allowed if the 
  diameter is at least 
  30 cm)

Largest diameter and number of knots
– Sound knots 7 cm / No limitations Not allowed 7 cm / No limitations
– Dry and decayed knots, tubers 4 cm / No limitations Not allowed 3 cm / 5 knots
Dead sprouted branches in the top Not allowed Not allowed Not allowed
Groups of knots Not allowed Not allowed Not allowed

Maximal sweepness Half of the diameter 2 cm at the length At whole the length 
 in the top side of the of 1.5 m by diameter class:
 log at the lengths  18–23 cm: 2 cm
 of 1.5 m  24–35 cm: 4 cm
   35+ cm: 5 cm
Slight bends Allowed Not allowed Allowed
Sharp bends, multiple crooks Not allowed Not allowed Not allowed

Soft decay Not allowed Not allowed Not allowed
Largest diameter of hard core decay 4 cm 1/3 of the diameter 1/3 of the diameter
Largest diameter of discoloration 4 cm 1/3 of the diameter 1/3 of the diameter

Surface checks Not allowed Not allowed Not allowed
Felling and heart checks Not allowed Not allowed 1/3 of the diameter
Tears in bark Not allowed Not allowed Allowed if not longer 
   than 0.3 m
Scars with hard base Not allowed Not allowed Allowed in one side if 
   not longer than 0.6 m,
   maximal depth 10 
   % of the diameter
Scars with decayed base Not allowed Not allowed Not allowed
Deeply folded base (ovality) ... Not allowed …

Strange items Not allowed Not allowed Not allowed

Specifi cations:
– Knots smaller than 5 mm are not counted (1,2,3)
– If a dry or decayed knot shows up when a knot tuber is cut along the surface line, the tuber is determined as a large knot tuber (1,2,3)
– The diameter of knot is measured from their dark part in the direction of the cross section of the log (1,2,3)
– No swellings allowed in connection of covered scar or tear in bark (3)
– Knot group includes at least three large knot tubers and /or knots with a diameter of at least 3 cm, which are located among 

a 20 cm part of trunk (1,2,3)
– If a trunk part has 2 maximal defects it is not good enough for a log (1,2,3)
– At most 1.5 m trunk part below the minimum quality requirements is allowed in a log if there is wood meeting these requirements at least 

1.5 m on both sides of the defective part (rejected saw timber in the middle of the trunk) (3)
– Felled by man and cut by chain saw (1,2)
– No leaf-felling or fl oated logs (2)
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Appendix 2. Quality classes of unedged sawn birch timber of Vilkon Ltd. at the beginning of the 1990’s 
(Koivutukin... 1988):

AS Thickness 19–32 mm, mainly knotless sideboard, a few pearl knots are allowed as well as 1–2 
sound knots at the top side of the board, sorted as sawn timber

A1 Thickness 19–25 mm, sawed from grade A logs, includes boards sorted out of grade AS, no 
boards sawed from the core, sorted as sawn timber

A2 Thickness 32–75 mm, sawed from grade A logs, sawed as two or three pieces, grade B and C 
pieces are sorted out of the grade A2 as sawn timber

ST Thickness 19–75 mm, sawed from grade A or B logs, grade C pieces are sorted out as sawn 
timber

B Thickness 19–75 mm, sawed from grade B logs, includes pieces sorted out of grade A, grade C 
pieces are sorted out as sawn timber

Measuring: Thickness 19–32 mm: the narrower fl at is measured from the middle of the sawn piece of timber. 
Thickness 38–75 cm: As an average of a narrower and broader fl ats from the middle of the 
timber piece, so-called cross-measure.

Appendix 3. Average anatomical, physical, mechanical and chemical properties of birch wood compared to beech, 
oak and spruce. The value in the middle is the average and the right and left values are the extremes 
(Wagenführ 1996). Spruce is an example of a typical tree species used for building, beech is another species 
corresponding to birch according to its use for mechanical forest products, and oak is a valuable species for 
furniture and interior decoration. The chemical values for birch reaction wood are by Ollinmaa (1955).

Characteristics Silver birch Norway spruce Beech Pedunculate oak
 Betula pendula Picea abies Fagus sylvatica Quercus robur

Structure
Fibers

Length, mm 0.34–1.0–1.7 1.3–2.8–4.3 0.6–1.3 1.2–1.5–1.7
Thickness of cell wall (2W), µm 4.2–5.3–6.7 1.9–3.5–4.9 1) 3.6–7.5–10.3 5.0–6.8–8.7
  9.3–10.7–11.6 2)

Diameter of lumen (L), µm 4.0–8.5–14.5 16.0–32.0–45.0 1) 3.5–7.1–11.2 5.3–7.0–9.2
  6.4–17.4–22.0 2)

Volumetric percentage 59.6–64.8–68.1 94.5–95.3–96.5 25.2–39.6–57.2 40.3–44.3–50.0 3)

    53.5–58.1–63.3 4)

Vessels
Diameter, µm 30–90–130  8–45–85 150–270–350 1)

    30–70–140 2)

Occurrence, no/cm2 40–60  80–125–160 5–8–13
Volumetric percentage 20.8–24.7–29.6  24.6–39.5–52.5 23.5–39.4–43.7 3)

    3.9–7.7–13.0 4)

Longitudinal parenchyma
Volumetric percentage 2 0.0–1.4–5.8 3.5–5.2–7.0 2.8–4.9–8.1 4)

Rays
Height, µm/mm 130–240–400 100–150–190 60–500–1000–4000 6–38–80 mm 5)

    80–160–240 µm 6)

Width, µm 7–15–25 8–14 30–200 500–100 5)

    8–15–25 6)

Occurrence, no/mm 10–17–20 4–5–7 2–3–6–9 1 5)

    5–9–12 6)

Volumetric percentage 9.7–10.5–11.1 4.4–4.7–5.5 11.2–15.7–21.2 14.4–16.2–17.9 5)

    18.1–29.3–33.0 6)
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Appendix 3 continued.

Characteristics Silver birch Norway spruce Beech Pedunculate oak
 Betula pendula Picea abies Fagus sylvatica Quercus robur

Physical properties
Density, kg/m3

Dry-green (ρdgr) 460–610–800 300–430–640 490–680–880 390–650–930
Dry-air dry (ρ12–15) 510–650–830 330–470–680 540–720–910 430–690–960
Green (ρgr) 800–850–900 700–800–850 820–1070–1270 650–1000–1160

Shrinkage, %
Longitudinal (βl) 0.6 0.3 0.3 0.4
Radial (βr) 5.3 3.5–3.7 5.8 4.0–4.6
Tangential (βt) 7.8 7.8–8.0 11.8 7.8–10.0
Volumetric (βv) 13.7–14.2 11.6–12.0 14.0–17.9–21.0 12.6–15.6

Mechanical properties
Bending strength (σbB), MPa 76–147–155 49–78–136 74–123–210 74–88–105
Compression strength (σdB), MPa 38–51–100 33–50–79 41–62–99 54–61–67
Tensile strength (σzB II), MPa 35–137–270 21–90–245 57–135–180 50–90–180
Shearing strength (τaB), MPa 12–4.5 4.0–6.7–12.1 6.5–8.0–19.0 6–11–13
Modulus of elasticity (Eb II), GPa 14.5–16.5 7.3–11.0–21.4 10.0–16.0–18.0 10.0–11.7–13.2
Shock resistance (a), kJ/m2 45–100–130 10–46–110 30–100–190 10–60–160
Brinell-hardness (HB I), MPa 22–49 12 34 34

Chemical properties
Normal wood

Lignin, % 19.3–27.4 19.0–29.0 11.6–22.7 24.9–34.3
Cellullose, % 45.3–56.5 38.1–46.0 33.7–46.4 37.6–42.8
Pentosans, % 23.6–27.1 6.8–12.0 17.8–25.5 19.0–25.5
Extractives, % (Ollinmaa 1955) 2.70–3.09
pH-value ca. 4.8 4.0–5.3 5.1–5.4 3.9

Reaction wood
Lignin, % (Ollinmaa 1955) 16.2–19.7
Cellulose, % (Ollinmaa 1955) 55.6–60.4
Extractives, % (Ollinmaa 1955) 1.25–2.53

Spruce and oak: 1 early wood, 2 late wood, 3 thin growth rings, 4 broad growth rings, 5 small rays, 6 large rays


