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Abstract

HorNTVEDT, R., CHRISTIANSEN, E., SOLHEIM, H. & WANG, S. 1983.
Artificial inoculation with Ips typographus-associated blue-stain fungi
can kill healthy Norway spruce trees. (Kunstig inokulering med blaved-
sopper som falger granbarkbillen kan drepe friske grantraer.) Medd. Nor.
inst. skogforsk. 38(4): 1—20. 5

An infection experiment was made to test the pathogenicity of two Cera-
tocystis species on Norway spruce trees. Water stress in inoculated and con-
trol trees was measured by means of xylem water potential, stomatal aper-
ture and transpiration stream velocity. Most trees inoculated with C. polo-
nica, alone or in combination with C. penicillata, became water-stressed. Ten
weeks after inoculation almost all sapwood of water-stressed trees was blue-
stained at the level of inoculation. Trees inoculated with C. penicillata alone
did not become water-stressed, and their sapwood was not blue-stained. The
results indicate that C. polonica is a highly qualified accomplice to Ips ty-
pographus in its killing of spruce trees.
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I. Introduction

Many bark beetles are known to be closely associated with blue-stain
fungi. In this mutualistic relationship, the fungus profits from being spread
to new hosts as beetles attack trees. The advantage for the beetles may be of
various kinds, one role of the fungus may be to render the phloem suitable as
a habitat or as food for the beetle progeny (LEACH 1940; GRAHAM 1967).

The pathogenicity of beetle-transmitted fungi to coniferous trees has been
a question of much speculation and some experimentation. CRAIGHEAD
(1928) suggested that the fungi play an important role in the rapid death of
Dendroctonus-infested trees. The mere girdling effect of the insects would
not cause the death of the trees within a few weeks, because mechanically
girdled trees may live on for months or years. As pointed out by Craighead,
the fungus seems to kill the trees by interrupting the ascending sap stream.
In pines, the tree-killing role of blue-stain fungi has been established expe-
rimentally. Several Ceratocystic species have been inoculated, some of them
producing a wilt which eventually lead to the death of the tree (NELSON &
BEAL 1929; NELsON 1934; CAIRD 1935; BRaAMBLE & HoLsT 1940;
MATHRE 1964a, b; BAsHAM 1970; HIMELICK 1982). On the other hand,
HETRICK (1949) claimed to have observed successful attack and brood de-
velopment of Dendroctonus frontalis Zimm., and also death of the trees,
without any blue-stain.

Among the Eurasian scolytids, the spruce bark beetle Ips typographus L.
ranks as the most active tree-killing species. During outbreaks, millions of
Norway spruce (Picea abies (L.) Karst.) may be killed. Death may occur
within a2 month of the beetle attack. Several Ceratocystis species, as well as
other fungi, have been isolated from the blue-stained sapwood of dead trees
(LAGERBERG, LUNDBERG & MELIN 1928; GROSMANN 193]; SIEMASZKO
1939; RENNERFELT 1950; MATHIESEN-KAARIK 1953; KAARIK 1975; SoL-
HEIM in prep.). An early attempt to inoculate spruce trees with Ceratocystis
spp. failed (MUNCH 1907—1908). The air content of the sapwood was
thought to be crucial for the establishment of the fungi.

To our knowledge, no other attempt has been made to mass-infect spruce
trees with beetle-associated blue stain fungi. The present study was designed
to show whether these fungi could infect and kill spruce trees after inocula-
tion into the cambial zone, without the participation of bark beetles. Two
fungus species were chosen, Ceratocystis penicillata (Grosm.) C. Moreau
and C. polonica (Siem.) C. Moreau, both frequently isolated near the advan-
cing front of blue-stain in beetle-attacked trees (SOLHEIM in prep.). Because
the fungi are thought to inhibit the water transport, we also measured water
stress in the trees.
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II. Material and methods

The study area was in As, 30 km south of Oslo, at an altitude of 100 m
(UTM grid reference 32VPM002177). Most of the experimental trees grew
in a sparsely stocked stand of Norway spruce intermingled with a few Scots
pines (Pinus sylvestris L.). The soil was a well-drained moraine. Two of the
trees (Nos. 21, 22) grew in a nearby dense plantation of Norway spruce on
a somewhat moister and more fertile soil.

The trees and the treatments they received are described in Table 1. The
trees appeared to be healthy, all having green foliage and showing no signi-
ficant foliage depletion. They had no stem wounds or signs of earlier beetle
attacks. The five semi-mature trees had a higher breast height age than
expected, due to a dense core of narrow annual rings. However, these trees
had deeper crowns, better growth and a larger proportion of sapwood than
the five mature trees.

Air temperature and relative humidity were recorded at 2 m above
ground level in a clear-cut area close to the experimental trees. Vapour pres-
sure deficit (VPD) was calculated and used as a criterion correlated to eva-
potranspiration. June and July of 1981 were wet and cool, August was dry
and warm.

Two types of fungus inocula were used: 1) spruce sapwood chips permea-
ted by C. polonica mycelium and 2) malt agar with mycelia of C. polonica
or C. penicillata. The wood chips (2X2X50 mm) were made of fresh sap-
wood, autoclaved at 120 C, and placed in bundles end down on young cul-
tures of C. polonica on malt agar for 2 weeks at room temperature. Malt
agar and chips without fungi, but otherwise treated as above, served as con-
trol inocula.

The wood chips were forced upwards into the cambial area through slits
in the bark made with a small chisel. In this way, 1-—2 cm of the chips were
in contact with the bark under variable air access conditions. When inocula-
ting with agar, a horizontal hole was cut through the bark with a 5 mm cork
borer, and the bark plug removed. A small piecce of mycelium and/or agar
was then inserted and the bark plug put back into the hole.

The inocula were placed 2 cm apart along rings encircling the stem. Four
trees were given six rings of fungal inocula, spaced 15—20 cm apart between
0.8 and 1.65 m above stump height, avoiding branch whorls. Chips were used
either in the first and fourth ring from below, or in the third and sixth.
Inocula of the two fungi on agar were given in random order to each of the
two remaining pairs of rings below, between or above the rings with chips.
Four control trees were given similar treatments, but with sterile inocula.
Another four trees were inoculated with only one fungus each. These trees
were given four rings of inocula on agar, spaced 10—15 cm apart between
0.8 and 1.4 m above stump height. Two trees were left untreated.

Adjacent to three of the mature trees (Nos. 6, 9, 10) and three of the
semi-mature (Nos. 2, 3, 4), permanent platforms were erected at 15 and 9 m,
respectively, to facilitate sampling of twigs. The other trees had to be climbed
and were hence sampled less frequently.
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The water potential in the tree crowns was measured by the pressure
bomb technique (SCHOLANDER et al. 1965). On each occasion two twigs
were cut at the second to fourth internode (depending on shoot length) from
the mid-region of the crown. The twigs were kept for maximum 10 minutes
in closed and shaded polyethylene bags until measurement. Pilot studies had
shown that the water potential of twigs stored in this way did not change
significantly in the course of 30 minutes.

Stomatal aperture of the needles was estimated by infiltrating them in a
solution of methyl violet. Having tested various solvents (SLAVIK 1974), we
found the method recommended by MICHAEL (1969) to be best. Second
year shoots were submerged, tip down, for two minutes in a saturated solu-
tion of methyl violet in equal amounts of butane-2-ol and diethylether, then
quickly rinsed in butane-2-ol, and finally sprayed thoroughly with water.
Infiltration was estimated visually on the following scale, slightly modified
from MICHAEL (1969):

O = no infiltration, only wax plugs coloured

= infiltration of some guard cells

up to 50 per cent of the guard cells and some larger spots infiltrated

50—90 per cent of the guard cells infiltrated. Larger spots more fre-

quent; but still isolated

4 = 90—100 per cent of the guard cells infiltrated. Larger spots frequent
and partly coalescing

5 = large infiltration spots all over the needle

1
2
3

The transpiration stream velocity in the stems was measured by injecting
a gamma ray emittor, 82Br, into the stem and following its movement by
means of a scintillation counter (WANG in prep.). At 0.5, 2, and at 9 or 15
m above ground a longitudinally halved polyethylene test tube, 1 X8 cm, was
glued onto the bark. The tube was filled with water, a horizontal hole, 2 mm
wide, was drilled through the tube close to the lower end, and 1.5 cm into the
wood. The hole in the tube was then sealed before all the water escaped. 3 ml
of NH4¥2Br solution (4.5 uCi/ml) was added to the tube and the radiocacti-
vity measured at 10 cm intervals above the hole every half hour. Additional
NH,482Br solution was given when needed. To reduce background radiation,
the head of the detector was covered by a lead cap with a narrow slit in the
front.

At the end of the experiment, all trees except the untreated controls were
felled. Disks 5 cm thick were cut at the inoculation rings and at about 0.2,
0.5, 1.9, 2.2, and at 9 or 15 m above stump height for determination of water
content and reisolation. At each level and additional disk, 0.5 cm thick, was
cut for delineation and area calculation of sapwood, blue stain and other
discolourations. Wood blocks, 2X2 cm, were split from the 5 ¢cm disk along
a N-S diameter, The positions of these blocks were also marked on the ad-
joining 0.5 cm disk. The blocks were weighed fresh, then dried at 105 C to
constant weight and reweighed. Water content was calculated as percentage
of dry weight.

The trees were inoculated during 15—17 June 1981. Measurement of
water potential and stomatal aperture of the trees accessible from platforms
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started before inoculation and continued at one-week intervals until harves-
ting, except for a three-week pause in July. The measurements were done at
least twice daily, at noon and either in the evening after sunset or in the
morning before sunrise («night values»). The trees which were not accessible
from platforms, were measured only once or twice just prior to harvesting.
Transpiration stream velocity was measured on the day of harvesting, which
took place on 21—29 August.

III. Results

A. Water potential and stomatal aperture

Water potential and stomatal aperture for three of the test trees a day
before inoculation are shown in Fig. 1. A rainy night was followed by a bright
day with a maximum temperature of 21.6 C and 10.6 h of sunshine. The
vapour pressure deficit (VPD) of the air increased rapidly until 1 p.m., then
more slowly until 5.30 p.m. The water potential followed the increase in VPD
until noon, then levelled off as the stomata gradually closed. Between 6 and
10 p.m. the rapid decrease in VPD caused a parallel fall in the water poten-
tial. With a constant low level of VPD during the night and with the stomata
partly closed, the trees were able to slowly reduce their water potential until
next morning. The stomata movements during the night were unexpected by
us, but have been observed in succulents (e.g. EHRLER 1971).
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Fig. 1. Water potential and stomatal aperture of three trees before inoculation, together with
vapour pressure deficit of the air.
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Values for 5—6 August, six weeks after inoculation, are shown in Fig. 2.
The weather of 5 August was calm and cloudy before noon, followed by a
period of slight breeze and some sunshine from 1 to 4 p.m., then cloudy
again. The stomata of the two.inoculated trees opened much less than those
of the controls. The water potential reached about the same maximum level
by noon in all the measured trees, then in the two inoculated trees it decrea-
sed very slowly or not at all. :

O aMwe-en
T— T T

Stomatal aperture

VPD / 12
VPD 7

Vapor pressure delicit (mm Hg)

- wl 56—~
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Fig. 2. Water potential and stomatal aperture six weeks after inoculation. Values for two trees
inoculated with both fungi (Nos. 2 and 6) and mean values with confidence limits of two
control and two untreated trees (stippled lines).

Fig. 3 shows the time development of water potential at night and sto-
matal aperture at mid-day, for the trees measured most frequently. The
water potential of control trees apparently increased during the summer.
This may in part reflect increasing water stress during the summer months,
especially in August. The water potential of the two inoculated trees remai-
ned at the same level as that of the control trees until early July, when at
least one tree (No. 6) started to change pattern. The stomatal aperture sho-
wed similar changes with time as did the water potential. Tree No. 6 reacted
first, then No. 2.
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Fig. 3. Water potential at night and stomatal aperture at mid-day during summer 1981. Values
for two trees inoculated with both fungi (whole lines) and mean values with confidence
limits for control and untreated trees (stippled lines).

Values for all trees by late August are given in Table 2. Neither water
potential nor stomatal aperture of trees with sterile inocula deviated signifi-
cantly from those of untreated trees. The same applies to trees inoculated
with C. penicillata only. Most of the trees inoculated with either C. polonica
alone or with both fungi, showed increased water potential by night, and/or
reduced stomatal aperture by noon. Only one tree in this group (No. 16)
exhibited no signs of water stress. In this tree, fungal penetration into the
sapwood, as judged from blue-stain, was much less extensive than in the
other trees.

B. Transpiration stream velocity

The ascent of the injected radio-isotope at three heights in six trees is
shown in Fig. 4. Often, the ascent was faster during the first hour after
injection than later. This initial «leap» (stippled line) is regarded by WANG
(In prep.) to be due to a release of the tension in the water columns of the
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Table 2. Water potential at night, stomatal aperture at mid-day, blue-stained fraection of sap-
wood, and maximum vertical distance of blue-stain from the inoculation rings by late

August
Blue-stained Vertical

ﬁrce Treatment Date pgj l‘:fil;ll Stomatal | fraction of growth (_)f

0. (bar) aperture sapwood blue-stain

(%) (cm)
2 C.penicillata
& C. polonica  18.8. 19.6 0 97 67

17 » » 12.4 1.0 100 61

6 » » 22.1 0 86 70
16 » » 6.9 3.0 37 37
21 C. polonica 27.8. 250 0 100 67
19 » » 21.0 0.5 100 70
22 C. peniciliata » 12.6 3.5 0 0
20 » » 8.0 3.0 0 0

3 Sterile inocula 18.8. 8.7 4.0 0 0
18 » » 8.9 4.0 0 0

9 » » 9.3 35 0 0
15 » » 9.6 4.0 0 0

4  Untreated 18.8. 11.6 4.5
10 » » 11.9 4.5

4 » 27.8. 0.4 3.5
10 » » 12.1 4.0

xylem, and does net reflect the real transpiration stream velocity. In the
hours following, the slope of the lines is about the same at all heights for the
two untreated trees, as well as the two treated with sterile inocula. For these
four trees, a regression model describing the ascent during this period is:
(ascent height in cm) = 7.11 + 0.65 (time from injection in min) + 2.90
(injection height in m). This model explains 86 % of the variation in ascent
height. Both regression coefficients, but not the constant term, are signifi-
cantly different from zero. There is no interaction of time and injection
height. The average transpiration stream velocity of the measured trees wi-
thout fungal inocula was thus 0.65X60 = 39 cm h'! on this particular day.

In the two trees inoculated with both fungi, the transpiration stream had
almost stopped at the levels below and just above the inoculation rings. Only
at the highest level of one of the trees, d slight transpiration stream could still
be recorded.

C. Blue-stain and water content of the wood

The trees inoculated with blue-stain fungi exhibited a much richer resin
flow on the bark surface than did those treated with sterile inocula (Fig. 5 A,
B). The wounds of the latter were sealed off from the surrounding tissue by
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Fig. 4. The ascent of 82Br solution in two infected (inoculated with both fungi), two control and
two untreated trees, at the injection levels (m) indicated. Date: 20—21 August. Wea-
ther: Calm, partly cloudy, maximum temperature 18—19 C.

a narrow resinous zone (Fig. 5 C), and no visible infection could be detected.
Both fungi were able to infect the phloem and produced elliptical areas of
brownish, partly resin-infiltrated necroses around the inocula (Fig. 5 D). As
judged from the occurence of blue stain, only C. polonica was able alone to
infect the sapwood. In most cases it had completely penetrated the sapwood
at the level of the inoculation rings (Fig. 5 F). C. penicillata did not appa-
rently grow into the sapwood of trees where this species alone had been
inoculated. Here, wedge-shaped resinous zones could be seen in the sapwood
adjacent to the inocula (Fig. 5 E).

In three of four trees inoculated with both fungi, the sapwood inside the
inoculation rings was almost completely blue-stained (Table 2). The stained
zones originating from the individual inocula had usually joined up, both in
the horizontal and vertical direction. Equally large fractions of the sapwood
were stained inside C. penicillata and C. polonica rings, and there was ap-
parently no difference in efficiency between chips and agar as inoculum me-
dia. One tree (No. 16) was considerably more resistent than the others to
infection (Table 2). Here, an apparently protective response by the resin-
infiltrated zones of the sapwood could be seen (Fig. 5 G). This occurred with
both fungi.
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Fig. 5. Reactions of phloem and sapwood to inoculation with blue-stain fungi A. Heavy resin
flow on the bark surface of a tree inoculated with both fungi. B. Slight resin flow on a
tree with sterile inocula. C. No necroses or discolourations in the phloem surrounding
sterile inocula. D. Elliptical necroses, discolourations and resin infiltration of the phloem
around inocula with C. penicillata (left) and C. polonica (right). Secondary death of all
phloem between the C. polonica zones. E. Resin infiltration, but no penetration of C.
penicillata into the sapwood. F. Complete penetration of sapwood by C. polonica. G.
Partial penetration of the sapwood in a tree inoculated with both fungi. Heavy resin
infiltration has apparently inhibited fungal growth at some inocula. H. Discs well below
and above the inoculation rings. The fungi seem to avoid the outer annual rings.

Below and above the inoculation rings the continuous blue-stain split into
individual bodies, wedge-shaped in cross section and gradually tailing off
from the outer annual rings (Fig. 5 H). Blue-stain could be detected about
60 cm up and down from the highest and lowest rings, respectively (Table 2).
This is equivalent to a growth rate of 25 cm per month in the longitudinal
direction. A total penetration of the sapwood in the radial direction during
the experimental period is equivalent to a radial growth rate of at least 2 cm
per month.

Reisolation from trees inoculated with both fungi indicated that only the
two inoculated fungi were present at the advancing zone of blue-stain (Table
3, positions 1 and 2). Here, C. polonica was most frequently found. In older
parts of blue-stain (positions 3 and 4) both fungi occurred, often intermin-
gled.

A summary of stem wood water contents is given in Table 4. Trees ino-
culated with C. penicillata only, are not included in this analysis. The sap-
wood of infected trees, including both blue-stained and healthy, had about



Artificial inoculation of spruce with blue-stain fungi 15

Table 3. Results of reisolation from trees inoculated with both fungi. pol = C. polonica, pen
= C. penicillata, p/p = both pen and pol, + = other fungi, 0 = no growth, — =

no isolation
Tree Vertical position e nalpesiuons
No. (m) 1 2 3 4
2 0.95 (pen-ring) 0 pol pen p/p
2 1.10 (pol-ring) 0 pol p/p p/p
2 1.80 (25 cm above pol-ring) 0 pol — —
6 1.05 (pol-ring) 0 pol pol 11743
6 1.20 (pen-ring) 0 pen P/P p/p
6 1.90 (30 cm above pol-ring) 0 pol — —
16 0.50 (35 cm below pen-ring) pol pol — —
16 1.25 (pol-ring) pol pol pen +
16 1.40 (pen-ring) pol pol p/p p/p
17 1.05 (pen-ring) pen pen pen/+ p/p
17 1.20 (pol-ring) 0 pol pol pol/+
17 1.90 (25 cm above pol-ring) pol pol — —

D] = 0—5 mm ahead of visible blue-stain
2 = just inside visible blue-stain
3 = in the middle of visible blue-stain
4 = near the inoculum

half the water content of control trees. In control trees, the water content of
the stem decreased from 150—200 per cent in the outer sapwood to 30—40
per cent in the heartwood. In trees inoculated with both fungi, or with C.
polonica only, the sapwood water content at the level of the inoculation rings
approached that of heartwood. It was also significantly reduced above and
below the rings. In Fig. 6 two typical examples are illustrated. In trees ino-
culated with C. penicillata only, the water content of the outer two centi-
meters of the sapwood, at the levels of inoculation, was intermediate between
that of control and infected trees. Elsewhere in these trees the sapwood had
normal water content.

Table 4. Water content of stem wood

Water content (% of d.w.)
Wood type
25-percentile | Median | 75-percentile
Heartwood — all trees 32.7 34.1 37.3
Sapwood — infected trees? 37.4 73.3 115.5
Sapwood — control trees? 130.9 154.1 170.2

D Trees inoculated with both fungi or with C. polonica alone
2 Trees with sterile inocula
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Fig. 6. Water content of stem discs from one tree with sterile inocula (No. 9) and one tree
infected with both fungi. The sapwood — heartwood borderline, blue stain {(shaded) and
resin infiltrations (black) are indicated.
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IV. Discussion

The present experiment clearly demonstrates that when adequately ino-
culated, at least one of the blue-stain fungi normally associated with Ips
typographus may kill healthy Norway spruce trees. Hence, the tree killing
capacity of the beetles may be contingent on the participation of these fungi.

During an attack, the boring activity of bark beetles influences the con-
ditions for both the fungus and the host tree. A single beetle probably carries
a smaller dose of inoculum than we used at each point. However, the beetles’
gallery construction is an effective way of spreading the spores over a larger
area, hence increasing the inoculum potential. Furthermore, the opening up
of the bark will cause an initial desiccation and aeration which may facilitate
fungal establishment (REID, WHITNEY & WATSON 1967). Recent studies
(RAFFA & BERRYMAN in prep.) suggest that trees will survive a higher
density of artificial inoculations by the cork borer method than of natural
beetle attacks.

The present experiment with a radioactive bromine solution confirms ear-
lier evidence from dye experiments (NELSON 1934; CAIRD 1935; BRAMBLE
&HoLST 1940; MATHRE 1964a, b; BASHAM 1970) that blue-stain stops
water conduction through the infected sapwood.

Our measurements of water potential and stomatal aperture suggest that
a fairly large part of the sapwood cross section must be infected before the
water transport is notably inhibited. A similar conclusion was reached by
NELSON (1934). It is an open question whether this would be true for a
longer period of time or during a prolonged drought.

Instead of applying relatively laborious water status measurements, we
might just have observed the discolouration of the foliage of dying trees. In
our experience, however, severely water-stressed trees are often invaded by
other bark beetles long before their needles become discoloured. Polygraphus
poligraphus L., in particular, seems capable of detecting such trees. In case
of such an attack, it would be difficult to prove that the primary reason for
the death of the trees was the artificially inoculated blue-stain fungi.

In trees where the blue-stain had penetrated the whole sapwood, the
latter became almost as dry as the heartwood. Similar moisture changes have
been observed in beetle-attacked lodgepole pine (REID 1961). The blue-stain
fungi grow mainly in the ray parenchyma cells but are also present in the
tracheids (BasHAM 1970; WoNG & BERRYMAN 1977, among others). The
death of infected parenchyma eventually leads to the aspiration of the bor-
dered pits between tracheids, i.e. the tori become deflected to the sides of the
pits (NELSON 1934; BAsHAaM 1970). The aspirated pits are less permeable
than normal pits. By the transpiration pull, water is removed from the infec-
ted region without sufficient replacement, and the wood gradually becomes
dehydrated. Embolism by air and possibly other substances finally causes the
irreversible stop of the water conducting capacity.

BasHAM (1970) found that loblolly pine seedlings (2 yr) were more
susceptible than saplings (13 yr) to infection with blue-stain fungi. Saplings
that were suppressed or of small stem diameter were more susceptible than
more vigorous saplings. Although Ips typographus can kill both young and
old trees, it is by far most harmful to mature or over-mature stands. Our
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results do not support a hypothesis that virtually mature trees are more
susceptible to infection by blue-stain fungi than are physiologically younger
trees. Ips typographus mainly kills mature trees, this may probably be due
to other factors, such as initial attraction, amounts of resin, or microclimatic
conditions.

When attacking a living conifer tree, bark beetles have to cope with more
or less abundant amounts of resin, originating from one or twe sources (BER-
RYMAN 1972). In some tree species, such as pines and spruces, primary resin
is immediately released from resin channels which are severed by the boring
beetles. Later, secondary resinosis may occur in reaction zones surrounding
the attack points of the beetles and their associated fungi (REID et al. 1967,
BERRYMAN 1969).

Copious amounts of resin is a serious obstacle to normal development of
eggs and larvae, and in the bark of trees which resist a beetle attack, resin
may continue to be produced for a long period of time. When, however, the
blue-stain fungi penetrate the sapwood, kill the living cells, and stop the
water transportation the desiccated tree is no longer capable of resinosis.

Of the two fungus species used in our experiment, Ceratocystis polonica
was the most aggressive, and penetrated the sapwood of the trees. Further-
more, in trees inoculated with both fungus species, C. polonica was most
frequently found close to the advancing zone of blue-stain in the sapwood.
Further experiments are in progress to test the pathogenicity of a larger
number of fungi associated with Ips typographus.

V. Summary

Two Ceratocystis species, frequently isolated from biue-stained sapwood
in trees killed by Ips typographus, were used in an infection experiment.
Eight trees were inoculated in mid-June with C. penicil/lata and C. polonica,
alone or in combination. Four trees received sterile inocula. Inocula were
placed in small holes in the bark, 2 cm apart, in 4—6 rings encircling the
stems at 0.8—1.65 m above stump height. Water stress in the trees was
measured during the summer until they were harvested in late August.

C. polonica infected both bark and sapwood. C. penicillata could infect
sapwood together with C. polonica, but alone it apparently only infected the
bark. Within the experimental period of 70 days, the sapwood inside the
inoculation rings could become almost completely blue-stained, equivalent to
a radial growth rate of at least 2 cm per month.

Signs of water stress, i.e. high water potential in the crowns at night and
low stomatal aperture at daytime, were evident in late July in some trees
inoculated with both species, and progressed during August. Transpiration
stream velocities by late August were zero in the measured inoculated trees
and about 40 cm per hour in control and untreated trees. The water content
of extensively blue-stained sapwood approached that of heartwood
(30—40 % of d.w.), in contrast to a median water content of 150 % of d.w.
in sapwood of control trees.

The results indicate that C. polonica is a highly qualified accomplice to
Ips typographus in its killing of spruce trees.
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Kunstig inokulering med blavedsopper som folger
granbarkbillen kan drepe friske grantreer

Granbarkbillen (Ips typographus) og de fleste andre barkbiller som an-
griper levende trer, forer med seg bldvedsopper. Mange av disse herer til
slekten Ceratocystis. Spiller disse noen rolle i billenes kamp for & ta livet av
trerne? Det arbeid som rapporteres her, tok sikte pd & underseke om visse
blavedsopper, nar de er inokulert (innpodet) pi en liknende méte som den
barkbillene benytter, er i stand til & drepe friske grantr&r. Dette kunne skje
ved at en eller flere blivedsopper har evne til & vokse inn i yteveden, og
derved forarsake at vanntransporten i stammen stopper opp og treet torker.

To Ceratocystis-arter som ofte er isolert fra trar drept av granbarkbillen,
ble brukt i et infeksjonsforsek. Atte trer ble inokulert i midten av juni med
C. penicillata og C. polonica, alene eller i kombinasjon (tabell 1). Fire trer
fikk sterile inokula. Inokula ble plassert i smd hull 1 barken, med 2 cm
avstand langs 4—6 ringer rundt stammen, 0,8—1,65 m over stubbehoyde.
Traernes vannstatus ble malt ved flere metoder i lopet av sommeren inntil de
ble felt 1 slutten av august.

C. polonica infiserte bidde bark og yteved (fig. 5). C. penicillata kunne
infisere yteved nér den var inokulert sammen med C. polonica, men alene
infiserte den tilsynelatende bare barken. I lapet av forseksperioden pd 70
dager kunne yteveden innenfor inokuleringsringene bli nesten fullstendig
gjennomvokst av blivedsopper (tabell 2). Dette tilsvarer en radial veksthas-
tighet p4 minst 2 cm pr. méned.

Tegn til terkestress, dvs. hgyt vannsug i kronen om natten og helt eller
delvis lukkete spaltedpninger om dagen, var tydelig fra og med slutten av juli
hos enkelte trer inokulert med begge sopper (fig. 1, 2 og 3, tabell 2). Tran-
spirasjonsstremshastigheten i stammen var i slutten av august null i de malte
soppinokulerte trerne, mot ca. 40 cm pr. time i tr&r med sterile inokula og
ubechandlete trer (fig. 4). Vanninnholdet i bla yteved var nesten like lavt som
i kjerneved (tabell 4, fig. 6).

Resultatene indikerer at blavedsoppen C. polonica er en meget kvalitisert
medhjelper til granbarkbillen nér den dreper grantr@rne. Ved at bldvedsop-
per gjennomvokser yteveden og treet tarker, mister det evnen til & skille ut
kvae, hvilket sannsynligvis er nedvendig for utviklingen av billenes egg og
larver.
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