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Short communication

Spruce tree fighting back — study of honey fungus infection
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Abstract

Buza, A. K., Divos, F., 2016. Spruce tree fighting back — study of honey fungus infection. Folia Oecologica,

42: 204-207.

Fungi infection is a common disease, problem for trees. Becoming fearful of the presence of fungi is obvious,
although the effects of the infection are variable widely. Honey fungus (4drmillaria mellea) is considered to
be dangerous species weakening the trees. A honey fungus attacked spruce could be measured repeatedly
for three years with acoustic tomography while pulling tests were performed as well. The research goes on,
although the results interestingly show us the tree “fighting back”. The safety and stability of the examined
spruce is very good, the conditions of the root system are — surprisingly — getting better.
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Introduction

Honey fungi including Armillaria mellea infect often
both forest and agricultural crops (CRUICKSHANK et
al., 2011), while the fungi are spread on all continents
except Antarctica (Westwoob et al., 2012; DELONG,
1995). These are “white rot” fungi, killing the root
system and often moving upward into the lower parts
of the trunk (GrLaEeser, 2008). The tree may answer
such a common infection with decline, extensive basal
decay or premature withdraw (LaBonTE et al., 2015;
WiLLIAMS et al., 1986). The attacked trees can become
very dangerous and hazardous.

Researches on how fungi attacks a living tree
are available numerous, for instance Bieker and
colleagues (2009) examined Trametes versicolor
infection on Fraxinus excelsior, DEFLORIO and his
team (2008) measured several tree-fungi combinations
to test different sonic tomography’s ability to catch
the infection, while CruicusHaNk and colleagues
(2011) studied non-lethal root infections associated
with Armillaria root disease. The mentioned tests
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were performed in laboratories, or at least somehow
disturbed condition, and focus of the measurement was
on the beginning of the infection.

Our research begins with a tree which has already
been decayed in about 63% of the cross section at 30 cm
height. (The date of the infection is unknown.) As well
the tree was left in its original position; no disturbance
was made except the measurements themselves.

Material and methods
The tested tree

A spruce (Picea albies) in the botanical garden of
the University of West Hungary was selected for the
measurements. Honey fungus (Armillaria mellea s.1.)
inflection was noticed on the tree, as the reason to start
the research. In 2013 at the beginning of the tests the
tree was 92 years old, with 20 m high, while the crown
area was 30.4 m?, the crown centre was at 12.7 m, and
the trunk had 1° incline. (Fig 1.)



Fig. 1. The measured tree is in the botanical garden of the
University of West Hungary (a) and the tree with the data
(height, crown area, height of crown center, b). The fruiting
bodies of honey fungus were seen in different years (c and d).

Acoustic tomography

Acoustic tomography for studying decays inside living
trees is a technique used for decades (WanNG, 2013).
Several tests proved the correlation of tomograms with
the trunks’ real conditions. (Divos and Szarai, 2003;
Divos et al., 2008; WaNG et al., 2009; L et al., 2011;
FENG et al., 2014; Liet al., 2014).

The basic idea of the measure is the change in
signal detection time in the presence of decay. As seen
in Fig. 2, in healthy tree, in non-decayed wood the
acoustic signal can travel directly through the trunk.
Decays change the path of the signal and increase the
time of the detection.

Fig. 2.
a) Acoustic or ultrasound time-of-flight (TOF) measurement
on a healthy trunk.
b) TOF measurement on a decayed trunk.
¢) The schematic image of a tomography with 8 receivers
with the measuring paths.

d) Tomography on a decayed trunk. The travelling paths
become longer. With the help of the collectable data a
tomogram of the trunk can be prepared, the decay can be
localized and safety estimations can be done.

(When the acoustic signal reaches the edge of
wood, the end of continuous material it slows down
during the penetration to the air. This is why the signal
“in a roundabout way” will be the first reaching the

detector. It also leads to one limit of this technique.
Using acoustic tomography the measured data have
information about only the healthy, the continuous part.
Acoustic tomography does not “see” inside the decay
(NicoroTTI et al., 2003)).

The size of the decay is another limiting factor for
this technique. Incipient decays like the beginning of a
fungi attack (2 months after artificial infection) cannot
be seen in tomograms (DerFLoORIO et al., 2008).

However in our case the decay could be seen,
measured and quantified clearly.

ArborSonic 3D Acoustic Tomograph was used for
the measurements and the program ArborSonic3D 5.2.
was used to estimate safety factors for the trunk’s levels.

Pulling test

The pulling or winching test is well-known method to
investigate the root-soil system, the root anchorage,
estimate safety of trees, and evaluate stem conditions,
while it can serve as calibration for measurements in
real wind situations as well (BeLL et al. 1991; WEssoLLY
1991; PeLToLA et al. 2000).

An inclino-type pulling test (measuring
inclinations and force) developed by the University of
West Hungary was used during the test, which is a tool
to get information about the roots’ condition. The wind
load is simulated by a cable. During the test the pulling
force and the inclination of the trunk at ground level are
measured. As seen on Fig 3.

Fig. 3. The schematic picture of a pulling test. A cable is
on the measured tree as close to the crown center as it is
possible. The height of the cable is L.

For pulling tests which evaluates safety, the cable
should be as close to the crown centre as it can be.
While the inclinometer should be as close to the ground
as it is possible. The anchorage should bear the force
(NeLp and Woob, 1999; PeLroLa et al., 2000).

During the measurement the inclination of the
measured tree was under 0.2°. The force and the
inclination were measured continuously with 1 data
sect. The used program was PullingCollect which
calculated safety factors for the root system as well
(BruDI and WASSENAER, 2002).
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Results

Acoustic measurements were performed during the
springs of 2013, 2014 and 2015. Pulling tests were
achieved in 2013 and 2015 spring.

Tomograms were made in three levels, at 30, 100
and 170 cm above ground level. (Fig 4.)

Fig. 4. Acoustic tomograms (white color refers to healthy
wood while grey and black refer to decayed areas).

The measurements showed the spruce was
“fighting” against the infection. The tree grew in each
year, the change in circumference was between 3 and 7
cm, while the diameter widened with 0.5 to 2 cm.

At 30 cm height the decay decreased and the safety
increased during the years. (The stem growth was
faster than the extent of the decay). At 100 cm height
the change in the decay was small while the safety
factor rose. At 170 cm height the decay spread and
the safety dropped off. The data of the measurements
are summarized in Table 1. The tree is still in good
conditions. (Safety factors are calculated for 120 km h!
wind gusts. Usually 150% safety factor is accepted for
a tree to be safe).

High produce of resin could also be observed on
the tree.

Discussion

Three years are long time — even in the life of a tree —
while three years do not let us make final conclusions.
The examined tree “defends” itself against the infection;
compartmentalization of decay could be observed
(SH1GO, 1984). The change seems to be slow at 30 cm
while the decay doubled at 170 cm height.
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As honey fungus usually attacks from the soil and
the roots (GLAESER, 2008), it is not surprising that the
lowest level lost the most material while the defense
worked for more time. The defense may be so effective
in the living tissues to stop the infection in radial
direction. The observed situation might be a balance
but there were not enough measurements to decide it.

The longitudinal direction forecasts are not very
encouraging. The infection could grow faster than
the trunk. The safety decreased. The tree is in good
condition at the moment but a break at this level or even
higher may happen in a few years.

The measure will continue, the conditions will be
monitored. The practical advice in this situation is to
measure more often, in every half or quarter year.

Table 1. The measured decays and the calculated safety fac-
tors (SF) with their change to the data from 2013. The decay
decreased and the safety increased at 30 cm high. The decay
increased a little while the safety increased also at 100 cm
high. At 170 cm the decay increase was followed by decrease
in safety. For the root system the pulling test showed increas-
ing safety. Note: the growth of the trunk’s diameter was 0.5-2
cm year?,

2013 2014 2015
Acoustic tomography
30 cm
Decayed area (%) 63 61.00 61.00
Change from 2013 (%) 0 -3.17 -3.17
SF for trunk level (%) 586  616.00 617.00
Change from 2013 (%) 0 5.12 5.29
100 cm
Decayed area (%) 52 55.00 53.00
Change from 2013 (%) 0 5.77 192
SF for trunk level (%) 392  483.00 501.00
Change from 2013 (%) 0 23.21 27.81
170 cm
Decayed area (%) 23 42.00 46.00
Change from 2013 (%) 0 82.61 100.00
SF for trunk level (%) 488  475.00 411.00
Change from 2013 (%) 0 —2.66 -15.78
Pulling test
SF for root system (%) 302 347.00
Change from 2013 (%) 0 14.90

Conclusion

A honey fungus infected spruce was examined for
three years. Even as the fungus is considered to be a



dangerous one the tree is still in fair condition both for
trunk breaking and tipping.

Acoustic tomography and pulling tests were done
in the springs of 2013, 2014 and 2015. The acoustic
tomogram shows 5-30% change in the decay at 30 and
100 cm from ground while the decayed area doubled at
170 cm height.

The pulling test showed the root system to stay in
good condition, the safety increased.

The tree is in good condition to let it stay at the
botanical garden. The measure will go on for more
years with more often examinations.

References

BEeLL, H.J., Dawson, A.R., BAKER, C.J., WRIGHT, C.J.,
1991. Tree stability. In HopGg, S.J (ed.). Research
for Practical Arboriculture. Forestry Commission
bulletin, 97. London, University of York: HMSO,
p. 94-101.

BIEKER, D., KEHR, R., WEBER, G., RusT, S., 2009. Non-
destructive monitoring of early stages of white
rot by Trametes versicolor in Fraxinus excelsior.
Annals of Forest Science, 67: 210p1-p7.

Brupl, E., VAN WASSENAER, P.J., 2002. Trees and statics:
nondestructive failure analysis. In Tree structure and
mechanics conference proceedings: how trees stand
up and fall down. Savannah, Georgia, U.S., October
2001. Champaign, Illinois, USA: International
Society of Arboriculture, p. 53-70.

CRUICKSHANK, M.G., MORRISON, D.J., LALUMIERE, A.,
2011. Site, plot, and individual tree yield reduction
of interior Douglas-fir associated with non-lethal
infection by Armillaria root disease in southern
British Columbia. Forest Ecology and Management,
261: 297-307.

DEerLoRIO, G., FINK, S., ScHwarRzE, FW.M.R., 2008.
Detection of incipient decay in tree stems with sonic
tomography after wounding and fungal inoculation.
Wood Science and Technology, 42: 117-132.

DeLonG, D.L., 1995. Geographic distribution of
Armillaria species. Research summary (Nelson
Forest Region (B.C.)), RS-015.; Microlog, 106-
05490. Nelson, B. C.: Forest Service, British
Columbia [cit. 2015-09-30]. http://www.for.gov.
bc.ca/hfd/pubs/RSI/FSP/Nelson/RSN015/RSNO15.
htm

Divos, F., Divos, P, Divos, G., 2007. Acoustic
techniques: from seedling to wood structures.
In Ross, R.J. (ed.). Proceedings of the 15th
International symposium on nondestructive testing
of wood, Sept. 10—12, 2007. Madison, Wisconsin:
Forest Products Society, p. 3-12.

Divos, F., Szarar, L., 2002. Tree evaluation by acoustic
tomography. In BeaLL, F.C. (ed.). Proceedings of
the 13th International symposium on nondestructive
testing of wood. University of California, Berkeley
Campus, Berkeley, California, USA, August 19-20,
2002. Madison, Wisconsin: Forest Products Society,
p. 251-256.

Feng, H,, L1, G, Fu, S., WaNG, X., 2014. Tomographic
image reconstruction using an interpolation method
for tree decay detection. BioResources, 9 (2): 3248—
3263.

GLAESER, J.A.M., 2007. Wood decay and discoloration.
In Ross, R.J. (ed.). Proceedings of the 15th
International symposium on nondestructive testing
of wood, Sept. 10—12, 2007. Madison, Wisconsin:
Forest Products Society, p. 59-63.

LABONTE, R.N., OstRY, M.E., ROss-Davis, A., WOESTE
K.E., 2015. Estimating heritability of disease
resistance and factors that contribute to long-term
survival in butternut (Juglans cinerea L.). Tree
Genetics and Genomes, 11: 63, 12 p. DOI 10.1007/
511295-015-0884-8.

L1, G., WANG, X., FENG, H., WIEDENBECK J., Ross, R.J.,
2014. Analysis of wave velocity patterns in black
cherry trees and its effect on internal decay detection.
Computers and Electronics in Agriculture, 104: 32—
39.

Li, L., WanG, X., WaNG, L., ALLison, R.B., 2011.
Acoustic tomography in relation to 2D ultrasonic
velocity and hardness mappings. Wood Science and
Technology, 46 551-561.

NEILD, S. A., Woob, C. J., 1999. Estimation stem and
root-anchorage flexibility in trees. Tree Physiology,
19: 141-151.

NicoLotTl, G., Socco, L.V., MARTINIS, R., GobIO, A.,
SAMBUELLI, L., 2003. Application and comparison
of three tomographic techniques for detection of
decay in trees. Journal of Arboriculture, 29: 66—78.

Perrora, H., KEeLromaki, S., HASSINEN, A.,
GRANANDER, M., 2000. Mechanical stability of
Scots pine, Norway spruce and birch: an analysis of
tree-pulling experiments in Finland. Forest Ecology
and Management, 135 (1-3): 143-153.

SuiGo, A.L., 1984. Compartmentalization: a con-
ceptual framework for understanding how trees
grow and defend themselves. Annual Review of
Phytopathology, 22: 189-214.

Wang, X., 2013. Acoustic measurements on trees and
logs: a review and analysis. Wood Science and
Technology, 47: 965-975.

WanG, X., WIEDENBECK, J., LIANG, S., 2009. Acoustic
tomography for decay detection in black cherry
trees. Wood and Fiber Science, 41 (2): 127-137.

WessoLLy, L., 1991. Verfahren zur Bestimmung der
Stand- und Bruchsicherheit von Baumen. Holz als
Roh- und Werkstoff, 49: 99-104.

WEestwooDp, A.R., Conciarori, F., Tarpir, J.C,
K~vowLes, K., 2012. Effects of Armillaria root
disease on the growth of Picea mariana trees in the
boreal plains of central Canada. Forest Ecology and
Management, 266: 1-10.

WiLLiams, R.E., Smaw III, C.G.,WArRGO, P.M.,
Sites, W.H., 1986. Armillaria root disease. U.S.
Department of Agriculture Forest Service, Forest
Insect and Disease Leaflet 78 [cit. 2015-09-26].
http://www.na.fs.fed.us/spfo/pubs/fidls/armillaria/
armillaria.htm

Received October 21, 2015
Accepted December 10, 2015

207



