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I INTRODUCTION, AND PURPOSE OF THE STUDY

Fomes annosus (Fr.) Cooke has in many
countries been found to be a cause of dis-
ease difficult to control. Timber harvest-
ing during the summer, and its mechaniza-
tion, are likely to increase the airborne
infection of this fungus (Karrio 1970, Iso-
MAKI 1972, IsomAkI and KARKKAINEN 1972).
Attempts to counteract, or even reduce,
the increased risk of F. annosus infection
have so far failed. Based on findings re-
ported by RisuBeTH (1948, 1959, 1963),
the possibilities of restricting the aerial
distribution of this fungus by means of
fungi competing with or antagonistic to
F. annosus have been studied. P. gigantea
is one of the most studied antagonits to
F. annosus. According to a study in Fin-
land, P. gigantea protected spruce stumps
against airborne infection by F. annosus
(Karrio 1971 a). However, P. gigantea, like
F. annosus, is a decay fungus. To date no
study results from Finland are available
concerning the infection by P. gigantea of
wounds made on spruce, although in Norway
(RoLL-HaNnseEN 1970), Sweden (NiLsson and
HyppeL 1968, HypreL 1973) and Germany

(PEcamaNN and Aursess 1971) this fungus
is known to infect damaged spruce.

Before starting to treat the stump sur-
faces with mycelial suspension of P. gigantea
after summer-time thinning of spruce stands,
it is important to find out whether P. gigan-
tea infects damaged spruce.

The purpose of the present work was to
study:

1. whether P. gigantea infects the wounds
in spruce on inoculation or spontaneously,
2. which other microbes spontaneously in-
fect spruce wounds (microbes in the present
study were understood to comprise fungi,
bacteria and nematodes),

3. the distance over which discoloration,
starting from the wound and visible to the
naked eye, spreads in the spruce within a
year from the date of injury and the fre-
quency of microbes in the part of the dis-
coloration furthest from the damaged site,
4. whether the speed at which the discolora-
tion advances depends on the time of year,
the crown class or the type or site of the
wound.
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The study was carried out in Helsinki in
an approximately 100-year old spruce stand
on Mpyrtillus type soil. Growing spruce
trees were damaged once monthly for a
year. To start with, the spruce trees in-
tended for inclusion in the study were bored,
at stump height, with an increment borer
to obtain cores from which any decay vis-
ible to the naked eye could be ascertained.
Only trees found to be sound were included.
The boring at stump height extending to
the pith of the tree was not aseptic and
this hole in the spruce was counted as one
of the wounds to be studied (Fig. 1, wound S).
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Fig. 1 A. Location of the wounds. — Vaurioiden

sijainti puussa.
B. Points where the sample pieces were taken
(x). — Naytepalojen ottamiskohdat (x).

In addition, the spruce trees included in
the series were wounded at breast height
(D 1.3 m) and just above the soil level.

Two dominant and two suppressed spruce
‘trees were taken into the study every month.
The total of the dominant trees in the final
study material was 20, and their mean height
was 21.9 m. The corresponding figures for
the suppressed trees were 22 and 13.0 m,
respectively. Diameters at breast height
were 28.2 and 14.1 cm.

Damage inflicted. The spruce trees which
were sound, according to the boring cores

II MATERIAL AND METHOD

taken at the stump height, were further
wounded by punching a circle 1 cm deep
in the wood material with an iron cylinder
of a diameter of 70 mm. The wood within
the circle was removed to a depth of 1 cm
with a chisel. This wound was made on the
north side of the stem at a height of 1.3 m
from the felling cut (wound T1). A root on
the north side of the tree was similarly
damaged at soil surface level, however so
that the root wound was entirely above
the soil (wound R). An additional, aseptic
increment borer hole extending to the pith
was made on the south side at 1.3 m height
(wound T2).

Inoculation. Wounds R, T1 and T2 in
one of the two trees in each crown class were
inoculated with a mycelial suspension of
P. gigantea while the other tree served as
a control. The P. gigantea strain was the
same as had been used previously in the
studies of the biological control of F. annosus
(Karrro 1971 a). The suspension for inocula-
tion was prepared as follows. Fifteen ml
malt agar was measured into a Petri dish
9 cm in diameter (NoBLES 1948). P. gigantea
was inoculated onto the dish and allowed
to grow for 3 weeks. After this the cultures
were collected from five dishes and homog-
enized in 50 ml sterile water per dish. The
contents of the five dishes were combined

Fig. 2. Inoculation of Peniophora gigantea into
wound T1. — Peniophora gigantea-infektion suo-
vittaminen T 1-vaurioon.



Table 1. Date of inoculation (= date of wounding), number of living diaspores of P. gigantea per 10ml
of the suspension used for inoculation, and the date when samples were taken.

Saastutuspdivi (= vaurioittamispdiva), 10 ml:ssa saastutussuspensiota olleiden itimiskykyisten P. gigantean

diasporien lukwmidrd ja mndylteen oftamispéiiva.
Number of diaspores,
Date of inoculation — million — Date of taking the sample —
Saastutuspiivai Diasporien lukumddrd, Naytteen ottamispdiva
wmilj. kpl
o s o) ol Lt B S R PR R R 4.2 12 Apr 1972
T4 NEay HGTE | W B S EA R 3.1 9 May 1972
PSRN LORER GLTNL, AT A0 SR 4.8 13 Jun 1972
13 Gl YT Y VTSGR L R NEG i 6.7 17 Jul 1972
Cia: - el I AR EE A H e st AR R TR 7:1 14 Aug 1972
o o R L RS SR BRI R SR & S 44 5S8R, 4.5 11 Sep 1972
E Q&t 197N FRAVLRR, R 4.8 10 Oct 1972
TN DOTL 20, 50 06 TR (G AR A E, 4.6 9 Nov 1972
15" Bec?971" . UGN BN A RR 4.1 11 Dec 1972
1 SrPaale7 20 S AL T, S 2.3 15 Jan 1973
P4 Beb! NOFRE Wl EE S wadiad vsiods 4.6 14 Feb 1973
N SUOTEN | Bl BRI L S 3.8 13 Mar 1973

and mixed be careful shaking. The method
used to make the suspension was, as far
as possible, identical every time. Ten ml
suspension was injected into each wound
with a syringe (Fig. 2), except for wound
S which was not inoculated. The number
of viable diaspores per 10 ml suspension,
which varied from time to time as can be
seen from Table 1, was studied by dilution
in water and cultures on malt agar substrates.
The reading for each month is the mean of
five culture plates.

Taking of samples. A year after the in-
fection the trees were felled and samples
taken. The stems were sawn into 20 cm
lengths over a distance of 60 ecm above and
below the wound. If the discoloration per-
sisted at 60 cm, sawing was continued at
20 cm intervals until the furthest point of
the discoloration was passed. Small samples
of discoloured wood were taken from every
sawn section for fungal and bacterial cul-
tures. If no discoloured wood was seen at
+ 60 cm distance from a wound, the samples
were taken along a line following the grain
of wood fibres in the attempt to discover
and/or locate any possible discoloration.
Samples were, thus, in every case taken at
20 cm intervals over a distance of -+ 60 cm

from the wound, regardless of whether the
section did or did not show discoloured wood.
For wounds T1 and R, additional samples
of the phloem of the wood immediately
underlying the black bark were taken at
+ 20 em from the wound.

Discs were sawn to include wounds T1
and R for detailed study. Samples were
taken from these discs as follows (Fig. 1 B):
from the middle of the wound, at 1 and 5 cm
depths, from the surface towards the pith;
from the right-hand edge of the wound
at depths of 1 and 5 cm. For wound T2,
samples were taken from the right-hand
side at a depth of 1 em from the surface
and a distance of 1 cm from the pith. For
wound R, samples were taken as for wound
T1. Further samples of wound R and Tl
were taken at the greatest depth of discolora-
tion from the surface towards the pith.
The furthest point to which discoloration
extended both above and below wound S
was determined by sawing the stem into
lengths. Samples were taken from the highest
and lowest points of discoloured wood.

Growth substrates. A minute portion of
every sample, taken as close to its centre
as possible, was cultured on three different
substrates, which were:



Bacterial substrate (Taylor 1951): 15 g agar-
agar, 0.4 g K,HPO,, 0.05 g MgSO, x 7 H,0, 0.1 g
NaCl, 0.01 g FeCl;, 0.5 g Bacto-Trypton, 0.5 g
Difco yeast extract. All these were added to one
litre water prepared as follows: 30 g spruce chips
dried at room temperature were autocloved under
a 0.7 atm. pressure for 1 hour in 1.25 1 water. The
mixture was filtered and a litre of the extract
was used in the growth substrate. The chips used

7

during the whole year were always taken from the
same spruce tree. The pH of the substrate was
adjusted to seven with 0.1 N NaOH.

Corn agar substrate: 17 g corn flour, 5 g glucose,
1000 ml water autoclaved with spruce chips as
described above.

Malt agar substrate (Nobles 1948): 20 g agare
agar, 12.5 g malt extract, 1 000 mk distilled water.



III RESULTS

1. Reliability of boring at stump height
for appraisal of decay

‘When the trees were being wounted, it
was hoped that the precaution of boring
to the pith at stump height would ensure
that the trees included in the study were
sound and not decayed. Six trees (about
12 9% of the total number) that at this
stage were believed to be sound were in
fact decayed. The finding supports the view
that increment borer cores are not a sufficient
basis for reliable estimation by the naked
eye as to whether a tree is decayed or not
(cf. Divitrr 1968, 1970, PrcuMANN and
Avursess 1971, Karrio and Norokorp1 1972,
LunpEBERG 1972). Trees that on felling
were found to be decayed were not included
in the study.

2. Success of the Peniophora gigantea
infection

The P. gigantea infection was most fre-
quently successful in the T2 wound made
with the increment borer at breast height
in suppressed trees (Fig. 3). The success
percentage was 75. The time of year did
not affect the successful infection of the
T2 wounds. The infection percentage of
the dominant trees was 50. According to
the result obtained, the damaged areas

Dominant trees with P.gigantea
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Suppressed trees with P.gigantea
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Fig. 3. Success of the Peniophora gigantea infection

(symbols of damage explained on p. 5). — Penio-

phora gigantea-infektion onmistuminen (vaurioiden
selitykset s. 5).

extending to the heartwood of the supp-
ressed trees were the most easily infected.
In sapwood wounds, the P.gigantea infec-
tion was successful much less frequently
than in heartwood wounds. Successful in-
fection of the sapwood wounds usually
showed no difference between the dominant
and suppressed trees. Comparison of sap-
wood wounds T1 and R showed that in-
fection was more often successful in stem
damage T1 than in root damage R above
the soil surface. Infection of trees through
sapwood wounds was successful only from
June to November.

R wounds in two control trees, one domi-
nant and one suppressed, were infected by
P. giganlea in July and October, respectively.

3. Fomes annosus infection

F. annosus infected two dominant and
two suppressed control trees. All these
infections occurred in June —September (Fig.
4), that is, when the aerial distribution of
F. annosus is at its maximum (KawLrio 1970).

F.annosus
oT,
@5

R A TR, S s [l
tplas, Srog 5o gury

oT:T,

h

e
8 togranGs Hheld

Fig. 4. Fomes annosus infection of the control
trees. — Kontrollipuiden Fomes annosus-infektio.

In three cases the infection was in a stem
wound (T1), in one case a non-aseptic in-
crement borer wound (S) at stump height,
and in one a wound (T2) at breast height,
made by increment borer under aseptic
conditions. In this last-mentioned tree,
F. annosus also infected the sapwood wound
(T1) at breast height.

4. Microbial occurence in spruce wounds

Stains in wood material visible to the naked
eye are called discoloration in the present
study. The study tried to ascertain how
often a discoloration starting from a wound



contained microbes at its furthest point.
Regardless of discoloration, the possible
occurrence of microbes was studied at 20
cm intervals to a distance of + 60 cm from
the wound. The results are presented in
Table 2. For root wounds (R) the difference
between the dominant and suppressed trees
was not very great. Above the wounds
made with an increment borer at stump
height (S), stained wood material without
microbes was 19 9, more common in supp-
ressed than in dominant trees. Below the
wounds the corresponding difference was
only 10 9. Microbes, on the other hand,
were almost twice as common above the
wound in dominant than in suppressed trees,
and even below the wound 10 9% more
frequent.

Stem wounds (T1) in sapwood at breast
height produced an upward discoloration
without microbes 25 9% more often in the
dominant than in the suppressed trees.
Below the wound the difference was 10 9
in favour of the suppressed trees. The up-
ward advancing discoloration containing
microbes was approximately eight times
as common in the suppressed than the domi-
nant trees. The presence of microbes
without discoloration, both above and below
the wound, was roughly twice as common
in the dominant than in the suppressed
trees. A downward course in both crown
classes was about twice as common than
an upward course.

With the wounds made by breast high
increment borings extending to the heart-
wood (T2), in discoloration starting from
the wound upward, staining of the wood
material alone was 33 9% more common in
the dominant than the suppressed trees.
In discoloration downward from the wound,
the proportion of stained wood was similar
but the difference between the crown classes
was 23 9%,.

Microbes causing discoloration advanced
both up- and downward more than twice
as frequently in the suppressed than in the
dominant trees. Microbes unconnected with
discoloration of the wood were almost twice
as frequent, both above and below the wound,
in the dominant than the suppressed trees.
Classification of the damage, disregarding
the crown class, showed that discoloration
without microbes, above and below the

wound, was more common after wound
T1 than the other wounds. A discoloration
with microbes was most common above
and below wound S. Microbes without
discoloration were found most often after
wound R, while wound T2 came a good
second.

Summarizing from Table 2, it may be
concluded that the wound has usually
produced either discoloration or microbial
infection. Only one per cent of the damaged
areas remained uninfected. The result is
on the same lines as that obtained for
axe marks on spruce (HaAxkkiLa and LaArxo
1967). In Germany, 88 9, of increment
borer damge on spruce has been found to
become infected (Scuoprer 1961). In Swe-
den (HypperL 1973) 59—92 9, of haulage
damage on roots and 1—36 % on stems
was infected. The age of the scars caused
by timber transportation ranged from 3
to 9 years. Discoloration without microbes
was in the present study 13 9, more common
above than below the wound, discoloration
with microbes 5 9 more common below
than above the wound, and microbes not
causing discoloration were 8 9% more common
below than above the wound. Above the
wound, discoloration without microbes was
almost 2.5 times as common as the presence
of microbes without discoloration. Discolora-
tion with microbes above the wound occurred
in approximately one—third of the cases.

Below the wound, discoloration without
microbes, discoloration with microbes, or
microbes without discoloration were almost
equally frequent.

The time of year at which the tree was
wounded has been found to affect the fre-
quency of discoloration (HakkiLA and LAaiao
1967). According to Table 3, upward dis-
coloration without microbes in suppressed
trees in January—March was nearly twice
as common as in the corresponding figures
for the dominant trees. In April—June,
the discoloration (with and without microbes)
was 13 9% more common above than below
the wound in dominant trees, whereas in
suppressed trees a downward course of
discoloration was 4 9, more common than
an upward course. In July—September
discoloration without microbes was consider-
ably more common above than below the
wound in both crown classes. In October —
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Table 2. Incidence rate of microbes or discoloration, per cent of the total number of wounds. —
Mikrobien tai vdrvivian esiintymisen tavallisuus, prosemttia vaurioiden lukuwmddrastd.

No stain & no Stain but no Stain & Microbe &
microbe — microbe — microbe — no stain —
Wound Crown class — Ei varid eika Viri ilman Vari mikvobin Mikrobi ilman
S Latvusluokba mikrobia mikrobia kera varid
Vaurio
Up —|Down — |Up —|Down — |Up —|Down — |Up —|Down —
Ylds Alas Yios Alas Yios Alas Yiss Alas
Dominant —
Viallitsevat | #diadit 0 0 30 15 35 30 35 55
Suppressed —
R Vallitut . oi o ouvssssonen 0 0 37 9 27 32 36 59
Total —
Yilteensd: ... 800, 0 0 33 12 31 31 36 57
Dominant —
Vallstsevat "\l 0 0 45 35 50 60 5 5
Suppressed —
S K ailitnt wucspsys«osFon 9 L 64 45 27 50 0 0
Total —
R ALEBNED oivviniases 5 % 55 41 38 55 2 2
Dominant —
Vallitsevat .......... 0 0 75 45 5 15 20 40
Suppressed —
% W ) Vealliiabhnewinhb s s Sienini 0 0 50 55 41 23 9 22
Total —
YHleensl o vvaransd 0 0 62 50 24 19 14 31
Dominant —
Vallitsevat .......... 0 0 60 50 15 20 25 30
Suppressed —
T2 Viallituly «isvvesbdvson 0 0 27 27 41 83 14 18
Total —
Yhteensth “lviviessiins 0 0 43 38 29 38 28 24
R 0 0 33 32 31 31 36 o7
S 5 2 55 41 38 55 2 2
an 0 0 62 50 24 19 14 31
42 0 0 43 38 29 38 29 24
Total
Yht. ;s ;! 48 35 S 36 20 28
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Table 3. Incidence rate of microbes or discoloration in different seasons, per cent of the total number
of wounds. —

Mikrobien tai varvivian esiintymisen tavallisuus evi vuodenaikoina, prosenttia vaurioiden lukuwmddrista.

No stain & Stain but no Stain & Microbe &
no microbe — microbe — microbe — no stain —
Month — Crown class — Et virvid eikd Vari ilman Vari mikvobin Mikrobi ilman
Kuukausi Latvusluokka mikrobia mikvobia keva varid
Up —|Down — |Up —{Down — |Up —|Down — ({Up —|Down —
Yios Alas Yios Alas Yios Alas Yiés Alas
Jan— | Dominant —
Mar Vallitsevat . ......... 0 0 38 53 50 30 12 15
Tammi— | Suppressed —
maalis Pallitatovr) R, 0 .. 5% 0 0 75 50 10 39 15 by §
Apr— | Dominant —
Jun Vallitsevat . ......... 0 0 63 29 4 25 33 46
Huhti— | Suppressed —
kesd Valistap <0 gate: 0 0 52 33 23 46 25 21
Jul— Dominant —
Sep Vallstsevat *5iiveiiedi 0 0 50 33 21 25 29 42
Heind— | Suppressed —
Syys Vallitut " 00586, 0 4 21 12 54 42 29 42
Oct— Dominant —
Dec Vallitsevat . .c.ildv, 0 0 56 44 44 31 0 25
Loka— | Suppressed —
joulu TRRLISBUE 7 L3 5N 10 0 45 40 Z5 40 20 20

December all injuries of the dominant trees
showed some discoloration above, and 75 9
below the wound. Wounds in the suppressed
trees showed 70 9% upward and 80 9%, down-
ward discoloration.

The presence of microbes without dis-
coloration of the wood was most frequent
in April —September. In both crown classes,
approximately one—third of all wounds
made during this period had been followed
by microbial infection, both above and
below the wound, although no discoloration
visible to the naked eye was present. In-
fection of wounds, therefore, was most
common when the settling of diaspores
was at its maximum (Karrro 1970, 1971 a,
1971 b).

A downward course of microbes without
discoloration of the wood was most frequent
in R wounds. 84 9% of the R wounds of

July —September showed microbes below
the injury although no discoloration was
noticeable. From wounds made by in-
crement boring at breast height (T2) in
July —September, microbes began to grow
almost as often upward (42 9%) as down-
ward (41 %), without producing discolora-
tion.

Apparently the discoloration in the wood
above the wounds, especially in the sapwood
of dominant trees, is caused by a host res-
ponse at the furthest point of the discolora-
tion (Smain 1971). According to the result
obtained, it is evident that discoloration
visible to the naked eye produced by wounds
in growing spruce trees does not reliably
reveal the presence of wood-decomposing
microbes (SHico 1965, LUuNDEBERG 1972).
On the basis of the material studied, the
chances that a discoloration does or does
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not contain wood —decomposing microbes
are almost equal, regardless of whether the
trees involved are dominant or suppressed
and whether the discoloration is above or
below the wound. In the heartwood the
host response cannot cause discoloration.
This probably explains the rich microbial
flora without discoloration found in T2
wounds. The even greater incidence found
in connection with root wounds, from the
site of damage towards the root apex, may
be due to microbes, especially bacteria,
infecting the injured root from the soil
(cf. KarLrio 1971 a, LuNDEBERG 1972).

5. Advance of discoloration from the
wounds

51. Rate of advance

Table 4 gives the mean values of the rate
at which the discoloration advanced in all
types of the wounds.

The furthest point of discoloration without
microbes advanced upward in trees damaged
in January —March more than twice as
fast as in trees damaged in April—June.
In October —December the advance was
distinctly slower than in January—March.
In the winter (November —April) advance
was about 20 cm faster than during the
summer (May—October). The downward
advance was much slower than the upward.
According to the mean for the whole year,
upward discoloration (39 cm) advanced
almost twice as fast as downward (23 cm).
This difference was highly significant with
a risk of less than 0.1 9%.

Above the wounds, the advance of the
furthest point of discoloration with microbes
was usually slower than that of discoloration
withough microbes. An exception was made
by the trees wounded in July—September,
in which discoloration with microbes showed
a slightly faster upward advance than that
without microbes. The downward advance
of microbes in trees wounded in April—

-September was faster than the upward.
In January —June microbes travelled slightly
faster upward than downward. Taken as
a mean for the whole year, the advance of
the farthest point of discoloration caused

by microbes was equally fast upward as
downward.

On the average, the rates of advance
of the discoloration were very similar to
the values recorded by Swedish authors
(NiLsson and HyppeL 1967, LUNDEBERG
1972).

52. Correlations between rate of advance and
the type of wound, and between rate of
advance and erown class

The only statistically highly significant
positive correlation, with a risk of less than
0.1 9%, was between the various types of
wounds (R, S, T1 and T2) and the rate of
upward advance of discoloration without
microbes. This coefficient of correlation
was highly significant for wounds made in
January —March and October —December,
and during the whole year. For wounds
made in April —September the correlation
coefficient was significant (with a risk of
less than 1 %). In October —December
there was a significant negative correlation
(with a risk of less than 1 %) between the
crown class and the advance of discoloration
without microbes. The same correlation,
with a risk of less than 5 9,, was also valid
for all wounds made throughout the year.

The correlations reveal that the type and
location of the wound are of greater impor-
tance to the rate of advance of discoloration
than e.g. the date of infection. Crown class
was seen to play a part in the advance of
the discoloration but its effect on the rate
of advance was less than that of the location

~and type of wound.

'53. Dependence of the advance on various

factors

531. Discoloration advancing without

microbes

In the dominant trees the discoloration
advanced upward from all wounds at an
average rate of about 50 cm/year. The
figure for suppressed trees was about 30 cm/
year. The difference is significant, with
a risk of less than 1 9;,. The mean down-
ward advance of discoloration in the domi-
nant trees was 27 cm/year and in the
suppressed trees about 20 cm/year. Even






