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PREFACE

The present study was part of the study
project handled by the Project Group for
Studying the Mechanization of Thinnings
the so-called HAKO Commission, financed
by the Fund for the Festival Year of Finnish
Independence (SITRA). The project was
launched under the supervision of Professor
KaLLe Putkisto at the Department of
Logging and Utilization of Forest Products,
University of Helsinki, in 1970.

A pilot study based on small material had
been made by Marri KARKKAINEN, Dr
of Forestry. It was on the basis of this pilot
study that the present study was conceived
and programmed, a year later.

The study was carried out in cooperation
between the Helsinki University Institutes
of Forest Technology and Plant Pathology.
The material was collected and computerized
by the Institute of Forest Technology,
while the Institute of Plant Pathology
undertook responsibility for identifying decay
agents and estimating the incidence of
decay microbes.

Though the HAKO Commission finished
its work in 1972 the study was extended
thanks so allocations granted by the Society
of Forestry in Finland and the Ministry
of Education. In addition, the study was
materially supported by the National board

of forestry, Enso-Gutzeit Oy, Kymin Oy,
Oy W. Rosenlew AB, G. A. Serlachius Oy
and Yhtyneet Paperitehtaat Oy, all of whom
— often free of charge — placed skilled
personnel at the researchers’ disposal for
the selection of sample plots and collection
of study material. It was also of very great
value that, in the treatment of all trees
selected for the study, the needs of the
research could always be met. This of course
often caused the forest owners a noticeable
reduction in the useful value of the trees
besides extra harvesting expenses.

Valuable advice throughout the study
was given by Professors KarLLe PuTkisto
and Marri KARKKAINEN. Other help was
given by Risto HaarLAA, HEIKKI I1saLo and
KArt MutTkA in collecting the material.
The major part of the laboratory work
necessary for the study was carried out
by Miss UrrLa HARTIKAINEN, who also
drew the figures and diagrams for the text.

We wish to extend our warmest thanks
to all the persons and corporations who
contributed towards the completion of the
study.

Helsinki, November 10, 1973
Tauno KaALLIO

ANTTI ISOMAKI
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INTRODUCTION

Mechanized harvesting of wood after
thinnings damages the remaining growing
stock more than earlier harvesting methods
used to do. This is due to the mass and
consequent need of space of crawler and
wheel tractors, and to the fact that cross-
country haulage in the snowless seasons
has become general for stands marked for
thinning. Even in intermediate cuttings
of spruce stands mechanical harvesting
probably involves a risk for the growing
stock expected to ensure the full growth
and yield of the stand after cutting. This
is the basic problem that must be solved
before mechanization of thinning cuttings
can be started (VuvoxkirLa 1969).

Timber harvesting machines injure the
stems and roots of the remaining trees
left to grow. The incidence of injured stems
in thinning cuttings is c. 20 per cent
(WEBBER et al. 1969, PaAwsEy 1971). Accord-
ing to a Swedish estimate (HyppeL 1973),
in connection with the harvesting of thinned
trees 17 —25 million spruce trees left to
grow after annual cuttings are perceptibly
injured, while according to another Swedish
study (AerEN 1968) production loss from
remaining growing stock is c. 30 per cent
of the current increment. In the USA
(Hinps & HawksworTH 1966), as a result
of mechanical harvesting, some 18 per cent

of the quantity logged next had been cull.
Yield losses were mainly due to infection
by decay fungi of the damage sustained
by the trees following mechanical harvesting,
thus reducing the yield of the later loggings
(SueEAa 1960, 1961, 1970).

Studies of the consequences of haulage
damage have only recently been started in
Finland (KARKKAINEN 1969, 1971 a, 1971 b,
1973, IsomAkr 1973, Isomixkr & KARKKAI-
NEN 1972). These studies tried to ascertain,
among other thigs, the extent to which a
knowledge of the site, area and depth of
the injury, and of the tree growth, affected
prediction of the consequences of the injury,
primarily the spread of the decay. No valid
predictive equation could be developed.
The reports listed paid no attention to the
fungal species infecting the injuries.

The purpose of the present study was:

1. to find parameters per stand, per tree
and per site of damage to help predict
the rate of increase in decay initiated
by damage to the tree,

2. to study the increment changes produced
by the damage,

3. to investigate the infection by Fomes
annosus (Fr.) Cooke, and

4. to identify the fungi from all decay that
advanced at a rate exceeding 30 cm/year.




I MATERIAL

The material was collected from practical
work sites. The unit of observation was the
individual injury. Data were collected
from several injuries per tree. From the
point of view of the assortment of timber
yield it is important to know especially
the rate of increase in decay upward from
the injury, and the fungi found in the decay.
For this reason the study was mainly con-
fined to this particular area.

The material was collected in June—No-
vember 1971 and September-November 1972.
Sample plots were selected from spruce
stands damaged by timber harvesting ma-
chines. Crushing by vehicles was the most
typical injury (Figs. 1 and 2), where the
wood bark and also wood material had often
been scraped off. The type of damage
incurred was classified as follows: 1. injuries
above the felling cut as trunk injuries, 2.
those between soil level and felling cut as

Fig. 1. A typical injury.

Kuva 1. Tyypillinen vaurio.

root collar injuries, and 3. those underneath
soil level, in the root, as root injuries. Three
groups were also formed on the basis of
the season in which damage had been su-
stained: the early summer (before July 15),
the late summer (after July 15), and the
winter (while the ground was covered by
snow). The location of sample plots is
shown in Fig. 3. The material comprised
ten South Finnish spruce sample plots,
specified in Table 1. The 1971 sample plots
(1—8) represented a total of 22 working
sites, the total of damaged trunks was 525
and the individual injuries 615. The 1972
sample plots (9—10) covered 12 working
sites, 291 damaged trunks and 363 individual
injuries. The total of working sites studied
was 34, damaged trunks 816 and individual
injuries 968. The age of the stands studied
ranged from 45 to 115 years and that of
the damage incurred from 3 to v. 50 years.

Fig. 2. Decay starting from the injury.
Kuva 2. Vauriosta alkanut laho.
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Fig. 3. Location of sample plots.
Kuva 3. Koealojen sijainti.

Table 1. Sample plot stands — Taulukko 1. Koealametsikit

Sample plot Forest Age of Season of Damaged| In-
year of selection site growing injury stems, juries,
number and type stock, no. no.
locality years

Koealan Metsd- Puuston Vaurioitumis- Vaurioi- | Vau-
ottamisvuosi tyyppi ikd, ajankohta tuneita vioita
numero ja . runkoja | kpl
paikkakunta kpl

197109 VRNRRES SR i d MT ¢TS5 Winter — Talvi 93 110

2. Snappertuna. . oudies OMT,MT| 65—75 Winter, late summer 47 57

Talvi, loppukesi
3. Tammela .....ccienrees MT,VT | 95—105 | Late summer 38 50
Loppukesd
4. Janakkala ..........eees OMT MT| 45—115 | Winter, early summer
late summer 64 3
Talvi, alkukesd, loppukesd
5. Lingelmale ,.o.ivianens MT 80—95 Early summer, late summer 72 82
Alkukesa, loppukesd
6. Mimtyharju (i MT 85—90 Early summer 47 54
Alkukesi
T KOUTUY . vienbeins v vssdnn OMT,MT| c. 75 Winter, late summer 70 79
Talvi, loppukesi
8. Savonranta— Winter, early summer
Heindvesi ........... OMT,MT| 45—85 late summer 94 110
Talvi, alkukesd, loppukesdi
Total 1971 — VHEensll 1971 L iviinse csamnivs vobiostsoth e sontbad o st i 7 ANR IOk Toe snivis 525 615
1L R T e B BRSO OMT,MT| 35—95 Winter, early summer
late summer 220 271
Talvi, alkukesd, loppukesd
10 - Puumala:  ...vrerinies MT C. 165 ‘Winter, late summer 7§ 92
Talvi, loppukesi
Rl 10T 2 L ae s B BPEENEU 1972 L esiohoesssssishis o esusonsionetsnssssssonsnontsslohdunnssmssaseins 291 363
'Eotalimakotialy == BaIRRE PIIOENES ' otivesvsinistdorivasoving s sasavriastsssnsdhossssenonens 816 978




II METHOD

Decay in the present study is understood
as discoloration of wood. Sometimes this
decay is caused by micro-organisms but in
other cases the change of colour may result
from defence reactions of the wood (KaLrio
1973). A number of stand, tree and injury
parameters, assumed to affect the spread
of the decay, were selected as the indepen-
dent variables to account for the rate of
increase in decay. The stand parameters
were forest site type and fertilization, tree
parameters diameter and radial growth
of the tree, and injury parameters were the
site, size and season of damage.

From the material collected in 1972
(291 trees, 363 injuries) height and radial
growth (at breast height) were determined
in a five-year period before and after the
damage. The ratio between pre-injury and
post-injury growth was then calculated.

All the trees were felled. Tree and injury
parameters were measured from the felled
trees. The highest point of the decay advanc-
ing upwards visible to the naked eye was
located by cutting the trunk into lengths
by power saw. A piece of wood was taken
from this point for culture and identification
of fungi.

Identification of the fungal species was
carried out by the Department of Plant
Pathology, University of Helsinki. Two
methods were used. Every specimen of
decay was examined for conidiophores of
Fomes annosus (Fr.) Cooke. The fungi of
all the specimens in which decay had ad-
vanced at a rate of over 30 cm/year, were
cultured on malt agar for identification.
Determination of F. annosus thus comprised
the total material, but for the other fungi
only a small part thereof.



IIT RESULTS

1. Rate of increase in decay, and its
variation

The incidence of decay in spruce injuries
is very high (PAwsEy & GLADMAN 1965),
and the rate of spread in the spruce seems
to be remarkably higher than in a few
other tree species (PAwsey 1971).

In Sweden it has been estimated (ScHOTTE
1922) that the spread of decay from the
tops of dominant spruce trees broken by
snow advances at a rate of some 50 cm/
year in trees aged 50—60 years and some
25 cm/year in those aged 45—50 years.
From axe marks on spruce trees, according
to another study made in Sweden (NORDFORS
1923), the decay began to grow in the direct-
ion of the radius, tangent and tree height
in ratios 1: 3: 70, while according to a Finnish
study (HAkkirLa & Larno 1967) decay start-
ing from axe marks increased in the spruce
at a maximum rate of c. 50 cm/year in
height direction. In Scotland, Stereum san-
guinolentum (Alb. & Schw.) Fr. was found
to advance in the spruce at a rate of c.
40 cm/year (PAwseEY & GLADMAN 1965).

In the present study, the rate of increase
in decay in the total material, from the
injury upward, was 21 cm/year, while the
maximum rate was 135 cm/year. Decay
spread upward from the injury about three
times as fast as downward. It was also
confirmed by Karrio (1973) that discolorati-
ion advanced far more rapidly upward than

did not spread to wood material which had
grown after being damaged. This finding
has been reported by several other authors
(Norprors 1923, HAKKILA & Laino 1967).

11. Factors affecting the rate of increase in
decay

111. Injuries in different parts of the tree

Injuries are most frequent in the butt
of the growing tree (Suea 1961, KARKKAI-
NEN 1971 b). Many authors found that the
location of the initial damage affects the
incidence and spread of decay (HAUFE
1938, WricHT & Isaac 1956, NiLsson 1967,
PawsEy & Grapman 1965). Injuries at soil
level are almost always infected by decay
fungi, whereas trunk injuries escape this
infection the higher their location on the
trunk (PARKER & JounsoN 1960, SHEA
1970). Swedish authors have reported (NiLs-
soN 1967, NiussoN & HypperL 1968) that
injuries in spruce roots at a distance of
0.7—1.0 m from the felling cut produced
only local decay not affecting the useful
value of the wood.

The present study divided damage into
three groups on the basis of their location:
root injuries, root collar injuries and trunk
injuries. Table 2 quotes the mean advance
rates of the decay.

Tested by the F wvalue, differences in
advance rates between these groups were

downward. In the present study the decay highly significant (p = 0.001). It can be
Table 2. Mean rates (cm/year) of the advance in decay according to injury location.
Taulukko 2. Lahon etenemisnopeuden keskiarvot (cm|v) vaurion sijainnin mukaan.
Root Root collar Trunk Total
injuries injuries injuries
Juurivauriot Juurenniska- Rumnko- Yhteensda
vauriot vauriot
Mean ValHD o007 0 cseierensunvosnon 19.9 28.4 18:3 215
Keskiarvo
Standard deviation ................ 20.3 19.1 161 17.8
Standardipoikkeama
No. ‘of observations ..:............ 70 263 645 978
Havaintojen lukumddri
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Fig. 4. Relative frequency of the observations

according to the rate of increase in decay.

Kuva 4. Havaintojen suhteellinen jakautuminen la-
hon etenemisnopeuden mukaan.

assumed that the injuries in roots and root
collars are, on average, more severe than
on the trunk (KARkkAINEN 1969). For this
reason the material was also analysed accor-
ding to the width of the injuries. The fin-
dings in Table 2 show that root collar in-
juries offer favourable starting points for
the onset and spread of decay. This may be
due e.g. to variations in the water content
in the different parts of trees (HAure 1938,
NiLsson & HyppeEL 1968).

Fig. 4 shows the distribution of all ob-
servations studied into groups according to
the rate of discoloration. A total of 182
observations (18.6 per cent of the material)
showed discoloration advancing upward from
the injury at a rate below 5 cm/year. A
similar result was also obtained in Finland
for decay starting from axe marks (HAKKILA
& Latao 1967).

112. Location of injury

The location of every observed injury was
also determined according to the points of
compass. The material was trisected within
the compass circle. As can be seen from Fig.
5 the quickest rate of discoloration started
from injuries in a northwest to east direction.
The cause may be sought in greater air
humidity, lack of sunlight or different wood
material.

S

Fig. 5. Locations of the advance in decay resulting
from damage on different sides of stem.
Kuva 5. Lahon etenemisnopeus evi ilmansuunnissa
illeissa vaurioissa.

113. Size of the injury

Many authors have found that the extent
of the damaged surface area affects the in-
fection and spread of decay originating
from the initial injury (Exsom 1928, PARKER
& JounsonN 1960, Hunt & KRUEGER 1962,
KARKKAINEN 1973). The parameters chosen
in the present study to illustrate the injury
size were width, surface area and depth.

a. Width of the injury. The coefficient
obtained for the correlation between the
width of injury and rate of decay was
+0.344 (Table 3). KARKKAINEN (1973)
came to the conclusion that the width of
the injury best illustrates its consequences.
Fig. 6 shows the relationship between the
increase in decay and the width of the in-
jury. The effect of differences in the width
classes on the rate of decay proved highly
significant even though standard deviation
of observations within the classes was
relatively great. In England (Pawsey 1971)
the rate of decay in individual spruce trees
related to the width of the injury but no
general relationship between the size of
injuries and incidence of decay could be
shown.

b. Surface area of the injury. The co-
efficient obtained for the correlation between
the surface area of the injury and the rate
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Table 3. Correlation coefficients between the advance in decay and the parameters illustrating the
injury size.
Taulukko 3. Lahon etenemisnopeuden ja vauvion kokoa kuvaavien tunnusten keskeiset korvelaatiokertoimet.

Location of tree injury Width Surface area Depth

Vaurion sijainti puussa Vaurion leveys Vaurion pinta-ala Vaurion syvyys
OOt Rl 500, G R e v 0.022 —0.182 0.214
Root collar — Juurenniska .............. 0.356 0.325 0.276
Teank = RNBossr s ises aiverieth - Svdls 0.392 0.445 0.275
All injuries — Kaikki vauriot ............ 0.334 0.385 0.324

of decay originating from it was +0.385,
and for trunk injuries +0.445 (Fig. 7).
Consequently the surface area of the in-
jury explains the rate of increase in decay
better than any other of the variables se-
lected. The result is similar to that of certain
other studies (HepTiNG 1941, KARKKAINEN
1971 a, 1973) In the present study, accord-
ing to variance analysis, the surface area
of the injury does not illustrate effectively
the rate of the decay emanating from root

Rate of advance in decay cm/y
Lahon etenemisnopeus cm/v
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Fig. 6. Relationship between the advance in decay
and the width of damage.
Kuva 6. Lahon etenemisnopeuden viippuvuus vau-
rion leveydestd.

injuries, whereas for root collar injuries the
correlation is highly significant (p = 0.001).
For trunk injuries too, the relationship was
highly significant (p = 0.001).

¢. Depth of the injury. Superficial damage

in all site groups produced a decay advancing
at a mean rate of 13.5 cm/year (Fig. 8).
Decay starting from deep injuries increased
in roots and trunk c. 21 cm/year, and from
those in the root collar at a mean rate of

Rate of advance in decay cm/y
Lahon etenemisnopeus cm/v
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Fig. 7. Relationship between the advance in decay
and the damaged surface area.
Kuva 7. Lahon etenemisnopeuden viippuvuus vau-
rion pinta-alasta.
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28 cm/year. Decay originating from severed
roots advanced on average c. 32 cm/year.
The deep injuries at the root collar are ap-
parently even deeper than elsewhere. Both
exposed parts of roots and the root collar
are highly susceptible to haulage damage.
‘Wheels and crawler tracks usually exert
their weight several times on the same site
deepening but not necessarily widening the
damage. In England the decay has been
found more often to infect deep than super-
ficial injuries of spruce (PAwsey & GLAD-
MAN 1965).

The rate of decay originating from an
injury can be predicted on the basis of the
width, depth and surface area of the injury.
The surface area is the most reliable of the
three parameters. It explained 22.2 per
cent of the total variance in the rate of the
decay, while the width explained only 16.2
and the depth 10.5 per cent.

Rate of advance in decay cm/y

Lahon etenemisnopeus cm /v

O Root Juuri
35— [ Root collar Juurenniska [—
1 B8 Trunk Runko
30
3 I
285
] ar
20 — it 5
A 1 ]}
15 -
10 - =
5 - = =
] H =
1 2 3
1 Superficial damage Pintavauriot
2 Deep damage Syvat variot
3 Severed root Juuri poikki
Fig. 8. Relationship between the advance in decay

and the depth of damage.
Kuva 8. Lahon etenemisnopeuden viippuvuus vau-
rion syvyydestd.

114. Age of the injury

Decay infecting the wood from spruce
tops broken by snow is assumed to increase
more slowly in the course of time (ScHOTTE
1922). On the other hand, decay fungi
are known to infect the wood relatively
soon after the injury has been inflicted
(ExkBom 1928, Karrio 1973). Within one
year of the injury, discoloration of spruce
in Finland has been found to advance
upward by 50 cm in the suppressed and 30
cm in the dominant crown layer (KaLrio
1973). The advance of decay, according
to ExBom, was most rapid in the few years
after the injury. Its rate diminished sub-
sequently but its spread continued through-
out the remaining life-time of the tree,
while according to another study (WRricHT
& Isaac 1956) the advance was becoming
slower within three years of the injury.
However, the decreasing rate has also been
reported to take place 10—15 years after
the injury (PARKER & JounsoN 1956).
Swedish authors (NiLsson & HyppeEL 1968)
found that decay originating from 33-year
old injuries advanced considerably more
slowly per year than one that had started
from a 10-year old injury.

In the present study the age of the in-
juries ranged from 3 to about 50 years.
Fig. 9 shows the relationship between the
rate of decay and age of the injury. In the
first 10 years the decay advanced at a rate
of c. 20 cm/year, after which it became slower.
However, the material for damage older than
10 years is relatively limited. Changes in
the rate of advance with age were not sta-

Rate of advance in decay cm/y
Lahon etenemisnopeus cm/v
30+

Age of damage years
Vaurion ikd v

[e] 3 10 15 20 25 30 35

Fig. 9. Relationship between the advance in decay
and the age of damage.
Kuva 9. Lahon etenemisnopeuden viippuvuus vau-
vion idstd.



tistically significant for the root and root
collar injuries, but for trunk injuries the
slowing of the advance was statistically
significant. A similar result has been re-
corded on oak species concerning decay
that started from damage caused by forest
fires (Hepring 1941). On the other hand,
Hunt & KREUGER (1962), in their material
of 82 injuries in Tsuga heterophylla (Raf.)
Sarg., found no relationship between the
age of the injury and the amount of decay.

115. Season of injury

Snow and freezing of the soil protect
roots against injuries in the winter. The
frozen soil cover is usually firmly attached
to the tree. Consequently winter injuries
are apparently smaller than summer injuries.
According to a study (HAkkiLA & LA1HO
1967) trees axe-marked for felling in May
were less frequently infected by decay
than those marked in the summer or early
autumn.

Rate of advance in decay cm/y

Lahon etenemisnopeus cm/v
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Fig. 10. Relationship between the advance in
decay and season of damage.
Kuva 10. Lahon etenemisnopeuden viippuvuus va-
vioitumisen ajankohdasta.
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The present material was distributed
into three groups according to the season
of injury: 1. damage sustained in the winter
(=while the snow cover was on), 2. damage
sustained in the early summer (=before
July 15), and 3. damage sustained in the
late summer (= after July 15).

Fig. 10 shows that damage in the early
summer caused, on average, a decay ad-
vancing at a faster rate than that in the
winter (p = 0.001). The effect of the season
of damage in the present material was most
clearly discernible in the rate of increase
in decay starting from root collar damage.
Variance analysis showed that significant
differences existed between the seasons
only in the cases of root collar damage and
the total material.

The indirect effect of the season on root
collar and trunk damage was also investigat-
ed. The size of the injuries in different sea-
sons was analysed, in an effort to ascertain
the indirect effect. The injuries were divided
into two groups: the 4—8 cm wide and the
8—16 cm wide. This analysis suggested
that the season of injury apparently affected
the width of the damage and hence also the
rate of the increase in decay. In trees in-
jured in the winter the decay advanced
more slowly than in those injured in the
summer. No difference was discernible
between early and late summer. Nor were
the differences between winter and summer
significant in the two width classes of root
collar injuries. This result proves that it
is not clear whether the season of damage
directly affects the increase in decay starting
from the damage. However, on the basis
of the present study and that by KARKkKAI-
NEN (1973), it is evident, that damage in
the summer results in larger and deeper in-
juries than that in winter, so demonstrating
that the season does affect the rate of decay,
since decay starting from deeper and wider
wounds spreads more rapidly than decay
originating from superficial injuries on a
smaller surface area.

According to Karvrio (1973), a distinction
must be made between discolorations with
and without fungi or bacteria. He found
that in one-year old injuries discoloration
with no fungi or bacteria advanced upward
more quickly in spruce trees injured in
January-March, whereas discoloration with






