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PREFACE

It has long known that trees growing in
the forests of Aland have a poor stem form,
and that site qualities on forest land are
more difficult to classify than elsewhere
in Finland. A high incidence of decay in
spruce has also been discovered in connection
with cuttings. Aland is a separate region,
with a type of nature different from that
of the rest of Finland, but for just separa-
tion it has advantages to offer the research
work.

The present study was started with the
support of the Forest Division of the Provin-
cial Administration in Aland (Alands
lanskapsstyrelses Skogsbyrä). The Admin-
istration kindly placed manpower and
material at the research workers' disposal.
The authors received valuable help especially
from Mr. Bo HÖGNÄS, Bachelor of Forestry.
Private forest owners permitted the felling
of trees in their forests everywhere in the
study area. The Administration undertook
to refund the forest owners for the trees
felled.

The study would not have been possible
without the valuable assistance of the
Forest Research Institute. The Insitute
made available the map material and the
unpublished results of the Sixth National

Forest Inventory. Professor KULLERVO
KUUSELA, of the Department of Forest
Inventory and Yield, gave the authors his
support and was generous in giving advice
and instruction in the different phases of
the work. The authors also received valu-
able help from Dr. PAAVO TIIHONEN, Mr.
SAKARI SALMINEN and Mr. JOUKO LAASA-
SENAHO, Bachelors of Forestry.

The personnel of the Department of Plant
Pathology of Helsinki University, assisted
the authors in many ways. Mr. ARVI SALO-
NEN identified a number of fungi from the
cultures. Miss ULLA HARTIKAINEN undertook
the responsibility for most of the laboratory
work connected with the fungal cultures,
and she also drew the diagrams for this
report.

During the course of the work, Professor
AARNE NYYSSÖNEN, the Head of the De-
partment of Forest Mensuration and Manage-
ment of Helsinki University, has on several
occasions discussed the details of the study
and with his advice contributed towards its
completion.

The authors wish to extend their very
cordial thanks to all those mentioned
above.

Helsinki, December 19, 1973

TAUNO KALLIO PEKKA TAMMINEN
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I INTRODUCTION AND STUDY OUTLINE

Spruce is highly susceptible to decay.
Furthermore, decay is difficult to detect
in growing spruce. Butt rot may cause an
unexpectedly steep fall in the realisable
value of the final cuttings. Economic losses
in infected forests may be considerable, and
come as a complete surprise.

According to a German study (ZYCHA
1964b), the butt rot of spruce is responsible
for the fact that c. 10 per cent of the spruce
wood annually harvested in Europe is
damaged by partial rot. In terms of money,
the loss in Central and Western Europe
annually amounts to something like 15 — 30
million dollars (DIMITRI 1973). According
to a study on a limited material in Finland
(KALLIO 1972), the loss caused by butt rot
of spruce in South Finland was c. 10 million
dollars a year.

Interest in the butt rot of spruce is wide-
spread. Forest industry planning needs
reliable and detailed estimates as to the
timber assortments obtainable from a given
area in the next few decades. Forest owners
are worried about the high taxes they have
to pay decaying spruce stands. They are
also interested to know whether it would
be an economic proposition to allow the
further growth of a mature spruce stand,
i.e. whether the decay will reduce the value
of timber more than increment and price
development will be able to increase it.
Regeneration of decayed spruce stands is a
silvicultural problem. Forest mensuration
needs information on the frequency of

decayed trees, and on the changes in stem
form and increment.

Estimation of the decay in spruce stands
in association with the growing stock
mensuration of forest tree stands has so
far been given little attention. The results of
the national forest inventories in Finland
(ILVESSALO 1927, KUUSELA 1972, KUUSELA
and SALMINEN 1969) afford a possibility
of comparing the results of spruce butt rot
studies with those of growing stock mensura-
tion over extensive forest areas. For the
time being, this possibility exists only in
those countries in which detailed data on
the growing stock of the forests is available.
For Finland this data has been available
for some decades (ILVESSALO 1927, 1942,
1956).

According to the results of several studies
the butt rot of spruce occurs in patches
(KANGAS 1952, KALLIO 1961). The present
study attempted to investigate this patchy
occurrence by using the spruce trees of the
increment sample plots of the Sixth
National Forest Inventory (ANON. 1971)
as study material. The main island of the
Aland Archipelago and the islands connected
with it by bridges were chosen as the study
area. The principal objective of the study
was to ascertain the incidence of spruce
decay in Aland. In addition, the parameters
of decay, decay microbes, appraisal of
the decay in standing trees, and the con-
sequential effects of decay were also inves-
tigated.



II MATERIAL

The material was collected from the
volume sample tree and increment plots of
ihe Sixth National Forest Inventory
(ANON. 1971) on the main island of Aland
and the islands connected with it by bridges.
The Aland forests were surveyed in the
summer of 1971 by the Forest Research
Institute. The Forest Division of the Pro-

vincial Administration in Aland quadrupled
the density of the sampling units (tracts)
to improve the accuracy of the inventory.
The distance between corresponding points
in adjacent tracts was then four kilometres
(Fig. 1). Each tract had four volume sample
tree and increment plots. The study
comprised all spruce trees of these sample

Fig. 1. Location of the sample plots on Aland.
Kuva 1. Koealojen sijainti Ahvenanmaalla.

[~ tract, lohko
o sample plot without decay, koealalla vain terveitä koepuita
• sample plot with decay, koealalla myös lahoja koepuita



Table 1. Sample trees by forest site types and development classes.
Taulukko 1. Koepuut metsätyypeittäin ja kehitysluokittain.

Forest site type — Metsätyyppi

Development class Poorly
Kehitysluokka1) , , O M T M T V T r T productive Total

i.n uivii ivn vi ^ i l a n d yM

Kitumaa

Small seedling stand 3 5 8
Pieni taimisto

Large seedling stand 9 9
/so taimisto

Thinning stand 6 10 22 12 3 53
Nuori kasv. metsikkö

Accretion stand 21 32 6 59
Varttunut kasv. metsikkö

Mature stand 64 30 8 2 104
Uudistuskypsä metsikkö

Low yielding stand 24 28 5 57
Vajaatuottoinen metsikkö

No. - kpl 6 128" I B 36 5 5 (295)
Total - Yht. % 2 43 39 12 2 2 100

I See — K s. ANON. 1971

plots with a minimum diameter of 7 cm
at breast height. The 7 cm limit was chosen
because the agreed minimum diameter for
coniferous pulpwood was 6 cm excluding bark.

The Sixth National Forest Inventory
used the relascope plot technique (KUU-
SELA 1966). Every tallied tree represented
a basal area of 2 sq.m./ha. This sampling
method strongly emphasizes the large trees
which are important from the point of
view of volume and increment calculation.
For example, a tree 10 cm in diameter is
included in the relascope sample plot at a
distance of c. 3.5 metres, and one 30 cm in
diameter at a distance of c. 10.6 metres from
the centre.

From the point of view of decay detection,
the relascope plot technique appears to be
favourable, for some studies report that
decay increases as the diameter of the
growing stock increases (HOLMSGAARD et al.
1968). It is therefore justifiable to study a
greater number of large than small trees.
Of all sample plots, 92 per cent (59 out of
64) and of all sample trees, 90 per cent (295
out of 327) of which five were stumps,
were traced The sample plots were relatively
evenly distributed over the study area
(Fig. 1). The majority (84 per cent) of the
sample trees were found on typical spruce
soils (Table 1), 12 per cent grew on VT

(Forest site types see CAJANDER 1949) and
only 4 per cent on poorer soils. All sample
plots were situated on mineral soils.

The stem distribution series of the sample
trees was approximately normal, as can be
seen from Fig. 2. The smallest diameter
class was 7 cm, the largest 53 cm, the mode
diameter class 15 — 19 cm. Timber trees in
the material numbered 131 (44 per cent),
including the decayed. The parameters
per stand and per tree of the sample are
given in Table 2.
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Fig. 2. Stem distribution series for spruce in
Aland 1) according to the Sixth National Forest
Inventory (Forest Research Institute, unpublished),

and 2) in the study material.
Kuva 2. Kuusten runkolukusarjat Ahvenanmaalla
1) VI valtakunnan metsien inventoinnin mukaan,

2) tutkimusaineiston mukaan.



Table 2. Mean values of parameters per stand and per tree, weighted by the number of trees.
Taulukko 2. Metsikkö- ja puukohtaisten tunnusten puuluvulla painotetut keskiarvot.

Parameter — Tunnus

Forest site type — Metsätyyppi
Tax class — Veroluokka
Age class — Ikäluokka
Basal area — Pohjapinta-ala m2/ha

Age, yrs — Ikä, v
Height — Korkeus, m
D 1.3 m, cm1)
D 1.3 — D 6.0, cm
V, cu.dm, incl, bark — kuorineen dm3 2)
p V 5 v %»)
pV10v% 4 )

Mean value
Keskiarvo

2.7
1.1
8.5

26.1

95.9
14.98
21.2
5.1

306
13.7
27.6

Standard deviation
Keskihajonta

(2.7 - M T + )
(1.1 = IB)
(8.5 = 7 6 - 8 5 yrs/i>)

34.1
4.28
7.9
2.1

273
11.1
18.1

*-) diameter a t breast height incl. ba rk — läpimitta rinnan korkeudelta kuorineen.
a) volume — kuutio.
8) increment of t he volume during 5 yrs — 5 vuoden kuutiokasvu.
*) increment of the volume during 10 yrs — 10 vuoden kuutiokasvu.

The sample contained relatively many
more medium- and large-diameter trees
than the true stem distribution series in
accordance with the National Forest Inven-
tory (cf. KUUSELA 1960). The arithmetic
mean diameter in the present study was 21
cm but the mean height only 15 m. This is
to be interpreted as a sign of the poor
stem form, on average, in the growing
stock of Aland (cf. HÖGNÄS 1966). The
material was numerically small, taking into
account the wide variation in the incidence
of butt rot (KANGAS 1952, KALLIO 1961).

Probably, however, the sampling method
used considerably increased the serviceability
of the material. The sample plots of the
Sixth National Forest Inventory apparently
represent the studied forest area very well.
The results of tree tally, volume sample
tree and increment plots can perhaps, with
certain reservations, be considered regression
estimates for the results obtained from all
sample plots of the inventory and further
for the entire forest area studied (cf. NYYS-
SÖNEN 1967).



Ill METHODS

The material was collected in October —
December 1972, i.e. 1—2 growing seasons
after the field work for the Sixth Inventory.
The diameters and bark thicknesses of the
sample trees were measured, and a number
of increment borings were made: at stump
height, 0.5 m above the stump, and at the
heights of 1.3 m, 3.5 m and 6.0 m from
the ground, and also at a height that
equalled 70 per cent of the total height
of the tree. Furthermore, measurement
was made of the height of the sample tree,
the lengths of the last 10 leading shoots,
the height of the lower edge of the crown
from the ground, the crown class and age
( = the number of the annual rings of the
stump plus 5 — 7 years, cf. NYYSSÖNEN
1954). For the 5 stump sample trees, these
measurements were estimated. The sound-
ness of the trees was determined on the
basis of butt swelling, resin flow, amount
and colour of needles, and the decay noted
in increment borer chips taken at stump
and breast height. Aseptically bored chips
were immediately placed in sealed test
tubes into which a modification of the
Hagem agar had been poured as the culture
medium (MIKOLA 1955). The sample trees
were marked into lengths when felled. The
tree was considered decayed if the decay
affected the assorting into lengths. The
decayed trees were marked into lengths
twice, first disregarding the decay (assorting
regardless of decay) and then according to
quality requirements (assorting according
to decay). This method has previously been
used by several authors (PETRINI 1944,
ARVIDSON 1954, KALLIO 1972). The assort-
ment of timber followed the recommenda-
tions and minimum measurements applied
to Aland by the forest industry. The
minimum measurements were: pulpwood 6
cm excluding bark, butt log 49 dm x 17
cm, 46 x 21 and 43 x 23, middle and top
log 43 x 17, 40 x 19, and 37 x 21. The
log lengths were measured without extra
length, and the top diameter with a 2-cm
classification was measured inside the bark.
Pulpwood volumes were calculated on the

basis of the middle diameter of the log, in
solid cubic meters including bark.

For the decayed sample trees, sample
sections were sawn at stump height and
at the highest point where decay could be
seen by the naked eye. The highest point
of decay was determined with the greatest
possible accuracy by cutting the stem into
lengths. The decay diameters were meas-
ured at stump height and upward from the
stump at 0.5 m, and at 1.3, 2.0, 4.0 m . . .
from the ground. The degree of decay at
each sawing section was determined according
to the following maximum decay grading:
0 = sound, 1 = minor structural changes,
firm structure, 2 = fairly strongly discol-
oured, somewhat softened, 3 = fairly strong
degree of softening, 4 — very soft, decom-
posing, no more structure left, perhaps hollow.
This grading has previously been applied
in Germany (KATO 1967) and also in Finland
(KALLIO and NOROKORPI 1972). Increment
borer chips taken aseptically at stump and
breast heights from every sample tree
were sent for laboratory studies. From
decayed trees, moreover, sample sections
at stump height and the greatest height
of the decay, and in cases of wound decay,
from the upper and lower ends of the
decay were submitted to laboratory studies.

Immediately on the arrival of the stump
sections in the laboratory small sample
pieces were taken from the different parts
of the decay. Fungi from these pieces were
cultured on malt agar substrate, pure-
cultured and identified. After a ten-day
storage in the laboratory at room temper-
ature, both the borer chips and the sections
were examined by stereomicroscope to
identify the Fomes annosus (FT.) Cooke
fungus on the basis of its conidiophores.
The decay fungi were then determined
in two ways: e.g. F. annosus by stereomicro-
scope from increment borer chips and sample
sections on the basis of its conidiophores,
and most other fungi from pure cultures
grown from the pieces of the sample sections.

The sample tree volumes were calculated
by means of the spruce volume equation



10

developed by LAASASENAHO for the national
forest inventories (personal communication);
there was one equation for trees under 6 m
high and another for those over 6 m
high. The diameter including bark 5 and
10 years ago was estimated with the equation
used by MIELIKÄINEN (1972). The sample
tree volumes at the time of measurement,
and 5 and 10 years earlier were calculated.
Increments were obtained by subtraction
as differences between the volumes including
bark. The decay per stem distribution
series was analysed by 5 cm diameter
classes. The unit stem number per hectare
represented by each of the sample trees
was calculated by the method used by
KUUSELA (1966).

No diameter class grading was applied
to the study of changes in stumpage prices
due to decay (cf. LAASASENAHO and SEVOLA
1971), and fixed volume unit values were used
instead: saw timber = 100, sulphite pulp-
wood m 59 and sulphate pulpwood = 53.
The relative values were calculated from
the mean stumpage prices for felling seasons
1970/71 and 1971/72 in the forestry board
districts of Helsinki, Lounais-Suomi and
Satakunta (ANON. 1973). Owing to the
use of fixed unit prices, the estimates of the
financial loss possibly caused by the butt
rot are slightly too low or at least very
conservative.

Calculations were carried out at the
Helsinki University Computing Centre.



IV RESULTS

I. Butt rot in Aland

Earlier butt rot studies used stand sample
plots on the basis of which the decay per-
centages were calculated (PETRINI 1944,
KANGAS 1952, ARVIDSON 1954, HÖGNÄS
1966, HOLMSGAARD et al. 1968). Of these,
the study by KANGAS was systematical
and comprised the stumps along a line
cleared for electric pylons. The material
for the present study, by contrast, was
collected from small sample plots selected
by the relascope plot technique, mathemat-
ically evenly distributed over the area
studied. The decay percentages of the
growing stock were determined for the
whole stem distribution series on the basis
of the results per hectare.

II. Decay by diameter classes

Five-cm diameter classes were used for
calculation. This sparse classification was
used e.g. owing to the small number of
observations (cf. KULOKARI 1970) and be-
cause the same classification is used for
calculating the results of national forest
inventories.

Butt rot has in some earlier investigations
been reported to increase as the diameter
of the growing stock increased (PETRINI

1944, BJÖRKMAN et al. 1949). Reports
from Denmark claim that trees of average
diameter are the most heavily affected
with decay (HOLMSGAARD 1957, MORVILLE
1958).

The mean butt rot percentage of Aland
spruce was c. 23, and if wound decay is
included, the percentage was around 26.
The results (Table 3) agree fairly well with
those reported from Denmark. The relative
share of trees with butt rot increased sharply
up to the diameter class of 30 — 34 cm but
began to decline subsequently. The lower
percentages for the classes exceeding 35 cm
perhaps illustrate the true situation as
regards the decay, but owing to the small
sample tree numbers the percentages are
uncertain. When trees exceeding 35 cm
are combined into one class, the butt rot
percentage obtained for them is c. 38 per
cent.

The results of Table 3 fall between those
reported by two Swedish authors, PETRINI
(1944) and BJÖRKMAN et al. (1949). The
former quoted a decay incidence of c. 45
per cent of the number of stems, the latter
c. 5 per cent. In the latter study the decay
percentages were determined on the basis
of borings at breast height, and therefore
the frequency is probably too low (cf.
DIMITRI 1968, KALLIO 1972). Also the

Table 3. Spruce decay in Aland by diameter classes.
Taulukko 3. Kuusen lahoisuus Ahvenanmaalla läpimittaluokittain.

Sample trees
Koepuita

Total No
Kaikkiaan, kpl.

Butt rot No
Tyvilahoja, kpl.

Butt rot, %
Tyvilahoja, %

Decayed, total %*)
Lahoja, yht. %*)

Diameter class, cm
Läpimittaluokka, cm

- 1 0

12

1

7.0

7.0

10-14

48

9

17.5

19.3

15-19

71

22

30.4

37.1

20-24

65

20

31.5

31.5

25-29|30-34

54

20

37.3

41.4

28

12

44.5

44.5

35-39

7

3

42.7

57.1

4 0 -

6

2

33.8

33.8

Total
Yht.

291

89

23.1

25.7

1) Including trees affected with wound decay. — Myös haavalahoiset puut.
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Table 4. Decayed wood in relation to stem volume (%), by diameter classes.
Taulukko 4. Lahon puuaineen osuus rungon tilavuudesta (%) läpimittaluokittain.

Butt rot
Tyvilahoa

Wound decay
Haavalahoa

Decayed, mean
Lahoa, keskim.

Diameter class, cm
Läpimittaluokka, cm

- 1 0

0.2

0.2

10-14

3.3

0.3

3.5

15-19

5.2

0.3

5.5

20-24

5.0

0.7

5.8

25-29

4.7

0.3

5.0

30-34

6.6

6.6

35-39

6.8

0.2

6.9

4 0 -

7.8

7.8

Total
Yht.

4.9

0.3

5.3

decay percentage of 12 quoted by KANGAS
(1952) suggests that the result of c. 5 per
cent, obtained in the Gävleborg district in
Sweden, is too low. The decay percentage
of 23 obtained for the spruce in Aland
agrees well with several studies (RENNER-
FELT 1946, PERTTULA 1960, KALLIO and
NOROKORPI 1972).

The proportion of trees affected with
wound decay ranged from 0 to 14 per cent
of the stem number, average 2.6 per cent.
These relatively low percentages are probably
partly due e.g. to the fact that, apart from
one or two, the stands studied had not been
logged at all in the last few years.
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series, decay as a percentage of the number
of stems and as a percentage of the volume.
In the small-diameter classes the proportion
of decayed trees in the volume exceeded
that in the number of stems, and in the
large-diameter classes the case was the
opposite. The calculation method weighted
the small trees so heavily that the mean
percentage climbed from 23 to 31.

Decayed wood in relation to the total
volume of the stems is shown in Table 4.
The proportion was very low\ However, its
location in the butt, the most valuable
part of the stem, may lead to losses many
times as great as the volume of the decayed
part would provide. In the North Finnish
spruce stands studied by TIKKA (1934) the
proportion of decayed wood material was
only 1—3 per cent, although 10 — 40 per
cent of the number of stems were decayed.
According to NOROKORPI (1973), 13 per
cent of the volume of growing spruce in a
North Finnish natural stand was spoiled
by decay. About half the number of spruce
stems in the stand were affected by decay.

Fig. 3. Spruce trees with butt rot in relation to
the total number of stems 1) and to total volume

2), by diameter classes.
Kuva 3. Tyvilahoisten kuusien osuus runkoluvusta
1) ja kuutiomäärästä 2) läpimittaluokittain.

The decayed trees' proportion of the
volume was approximately that of the
number of stems (Fig. 3). Fig. 3 also shows
the difference between these two percentage

12. Decay by forest site types, tax,
development and age classes

The spruce trees of the best and poorest
sites were most affected by decay (Table 5).
The six trees of a very rich site (in this
paper Lh) are combined in the table with
OMT, and the ten trees of CT and poorly
productive land with VT. According to
Table 5, there was no correlation between
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Table 5. Decay, of the number of stems, by forest site types.
Taulukko 5. Lahoisuus runkolovusta metsätyypeittäin.

Forest site type
Metsätyyppi

Lh + OMT .
MT ..
VT -|- poorer

Total - Yht

Sample
trees, No.
Koepuita
yht., kpl

132
113
46

291

Butt rot
Tyvilahoja

No.
kpl.

44
32
13

89

0/
/ 0

27.1
19.8
22.0

23.1

Decayed, total
Lahoja, yht.

No.
kpl.

45
36
16

97

0/
/ 0

28.7
21.6
27.9

25.7

decay and forest site type. This is a problem
that has already been very much studied,
and the results reported are highly contradic-
tory. Many authors have found that decay
frequency increases as the soil type im-
proves (FALCK 1930). Numerous results
to the contrary have also been reported
(KANGAS 1952, REHFUESS 1969). The prob-
lem can be approached, as it was by RENNER-
FELT (1946), by trying to find correlations
between decay on the one hand and the
hydrogen ion concentration, moisture and
physical properties of the soil on the other.

These soil factors and many other compo-
nent factors affect the growth of different
fungi in different ways, and this leads us to
the conclusion, recently drawn very often,
that antagonistic microbes and the conditions
necessary for their development strongly
affect the butt rot (ZYCHA 1964 a, LAATSCH
1970). The decay percentages obtained

from Aland by forest site types (Table 5)
and by tax classes (Table 6) confirm the
opinion that butt rot varies very much.
This again seems to suggest that the forest
site classification used in Finland does not
necessarily illustrate e.g. the number and
type of fungi and bacteria antagonistic to
the causative factors of butt rot in the soil
(cf. SVINHUFVUD 1937).

The determination of forest site types and
tax classes in Aland is less certain than in
South Finland on the whole, since the
adverse effect e.g. of a maritime climate and
the nearness of primary rock on the develop-
ment of the growing stock is not always
visible in the ground vegetation (cf. NYYS-
SÖNEN 1954, HÖGNÄS 1966). In Czechoslova-
kia (£ERVINKOVA 1973) a thin soil layer has
been found to increase the butt rot caused
by F. annosus.

Table 6. Decay, of the number of stems, by tax classes.
Taulukko 6. Lahoisuus runkoluvusta veroluokittain.

Tax class
Veroluokka

IA
IB

II
I l l 4- IV

Total - Yht

Sample
trees. No.
Koepuita
yht., kpl.

94
121
44
27

291

Butt rot
Tyvilahoja

No.
kpl.

27
41
10
9

89

0//O

18.0
26.9
16.6
25.5

Decayed, total
Lahoja, yht.

No.
kpl.

29
45
12
10

97

0 /

20.7
29.6
20.1
28.4


