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EFFECTS OF Laetiporus sulphureus (Bull. ex Fr.) Murrill
FUNGUS ON THE BENDING STRENGTH
OF SESSILE OAK WOOD
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Abstract: Testing samples were collected from the heartwood of healthy oak trees in Eastern
Serbia. Over the periods of two, four and six months, the wood samples were exposed to
the mycelia of the fungus that causes cubical brown rot on oak - Laetiporus sulphureus (Bull.
ex Fr.) Murrill (Sulphur Polypore).The contribution of Laetiporus sulphureus (Bull. ex
Fr.) Murrill to the decrease in the bending strength of Q. petraea wood was investigated.
After two, four and six months of being under the effect of L. sulphureus, the static bend-
ing strength of oak wood substantially decreased compared to the initial value (100%) and
amounted to 91.73, 75.17 and 63.25%. The regression line obtained through data processing
opened up the possibility to predict the changes of wood properties in certain time periods
of the fungus effect under the unchanged environmental conditions.
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YTULIA] [JbUIBE Laetiporus sulphureus (BULL. EX FR.) MURRILL HA YBPCTORY
HA CABUJAILE IPBETA XPACTA KUTHHAKA

M3Bop: Y3opiy 3a NCOUTHBAMe IPUKYIJbEHNU CY U3 CpUMKe 37[paBOr CTabma XpacTa y
Vicrounoj Cp6uju. TokoM neprofia MCIIUTHBAbA Off 2, 4 11 6 Mecel y30pILi ipBeTa OVn
CY M3TIOKEHM YTUIIAjy MULIENNje T/bUBE KOja y3pPOKYyje MPKY IPU3MAaTUIHY TPY/IEX XpacTa
Laetiporus sulphureus (Bull. ex Fr.) Murrill (cymmopmaya). Viciiutas je yTuiaj yTuaj risuse
Laetiporus sulphureus (Bull. ex Fr.) Murrill Ha cmameme uBpcTohe Ha caBujame fgpBeTa Q.
petraea. TTocne 2, 4 1 6 Mecelu 1OK fiejcTBOM I/bMBe L. sulphureus crarudka yBpcToha Ha
caBMjame XpacTOBOT JIpBETa 3HAUajHO Ce CMamIIa y mopebemy ca mouetHOM BpemHOUIIhY
(100%) n usnocuna je 91,73, 75,17 u 63,25%. Perpecnona nHuja fobujeHa o6pagoM mo-
JlaTaka OTBOPWJIA je MOTyRHOCT IIPOTHO3Mparba IPOMeHa CBOjCTaBa IpBeTa y ofpehennm
BPEMEHCKMM IePUOJIMA JIejCTBA I/bMBE I10f] HEITPOMEIbeHUM YCTIOBMMA CIIOJ/bHE CPeJMHE.

Kibyune peun: uspcroha Ha caBujarbe, XpacT KUTHAK

1. INTRODUCTION

The development of the wood processing industry is causing a growing de-
mand for high-quality wood raw materials (Miric, M., Schmidt, O., 1992;
Miric, M. et al, 2012; Popovic, V. et al., 2020). According to several authors
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(Karadzic, D., 2006; Karadzic, D.,, 2010; Miric, M., 1993; Schmidt, O., 1994,
Karadzic, D. et al., 2020), this demand calls for the preservation and improve-
ment of wood durability, which is directly related to the preservation of physical,
chemical, mechanical, aesthetical and other properties. The percentage of the main
structural constituents of wood (cellulose, hemicellulose and lignin) varies with
species and parts of trees. There is thus more cellulose in softwood than in hard-
wood tree species, in bolewood more than in branchwood, in earlywood more
than in latewood, as discussed by Miric, M., Popovic, Z.V. (1993).

As a host, oak is colonized by a large number of microorganisms, with the
focus being on the research of the impact of fungi, particularly those attacking the
heartwood as the most valuable tree part (Brown, M.A. et al.,, 2002; Darrel,
D.N., 1985; David, O.M. et al., 2012). Through its enzyme system, the epixy-
lous fungi break down the constituents of wood cell walls, change the percentage
of their participation, and thus directly modify wood properties (Chu, K. K. W.
et al., 2002; Karadzic, D., Andjelic, M., 2002; Lee, S. et al, 2008). The
agents of brown rot (to which the researched fungus L. sulphureus belongs) disin-
tegrate primarily cellulose, while the disintegration of lignin occurs to a far smaller
extent.

This paper presents the course of change (decrease) in the content of lignin
and cellulose in the cell wall, reflected in the decreased bending strength of Q. pet-
raea under the influence of L. sulphureus after two, four and six-month incubation
(Vucetic, J., 1998; Rayner A.D.M. & Boddy, L., 1998; Miric, M., 2005).

2. MATERIAL AND METHODS

The sample used in the research was taken from a 110-year-old healthy sessile
oak Q. petraea agg. tree, 19 m in height and 35 cm in diameter at breast height.
The tree had been cut in Eastern Serbia, in the Quercetum montanum association
(Tomic, D., 1992) at the altitude of 550 m, with a southern aspect. The analy-
ses were conducted on a log 3.5 m in length (from the stem base to the first live
branch). It was cut into tubes following the relevant pattern of the standard pre-
scribed dimensions 2x2x32 cm. Given the small dimensions of the sample used for
practical purposes, the cut surface of the tubes was treated with an antiseptic coat-
ing to prevent penetration of hyphae from that direction. Since hyphae achieve the
most rapid growth through the cross-section, if we don"t prevent their penetration
through the cross-section, small samples would quickly rot and the relevant results
would not be obtained.

The tubes were dried in a classic wood drying chamber at the temperature
of 103+1 °C and measured with an accuracy of 0.01 g. The control tubes (sound
wood) had the bending strength measured using a universal machine for testing
wood properties (SRPS ISO 3129:2020; SRPS D.A1.058). The tubes exposed to
mycelia were conditioned at approximately 12% moisture content. Mycelia of L.
sulphureus were resown into plastic Petri dishes containing malt-agar growing
medium of the standard concentration. The experiment used sterilized plastic con-
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tainers with lids to store Petri dishes with fully developed mycelia of L. sulphureus.
Petri dishes served as glass carriers (dimensions 9x22x35cm) to prevent excessive
soaking of moisture from the growing medium, onto which sessile oak wood spec-
imens were placed. In order to ensure high relative air humidity, Petri dishes with
5% boric acid solution were placed on top of the stack.

Bending strength is defined as the resistance of wood to the effect of con-
centrated, evenly distributed or combined forces that tend to bend or distort it.
Therefore, the bending stress is complex stress consisting of the compressive stress
in the part of the girder closer to the point of attack and the tensile stress on the
opposite side. Between these two zones, there is a neutral axis that, under a load,
moves to the side of the tensile stress. (Soskic, B., 1994). Since the calculation of
the bending strength involves the cross-section at the point of force, before meas-
uring the strength, all test tubes were cross-measured using a micrometer, with
an accuracy of 0.01 mm. The distance between the calipers was 280 mm, and the
tubes were exposed to a concentrated force that acted at half the distance between
the calipers. All obtained data were processed using standard statistical methods;
the results of destruction were compared using a one-way analysis of variance and
the test of the least significant differences for the control group, at the time of fun-
gal action (2, 4 and 6 months). Statistical data processing used absolute amounts
- N/mm?, and correlation analysis was performed to determine the correlation
between the time of fungal action as an independent variable and the change in
the bending strength as a dependent variable.

3. RESULTS AND DISCUSSION

While growing, epixylous fungi, which feed on the basic constituents of wood,
change not only its chemical composition but also its whole inner structure. They
change or reduce its mechanical, physical, aesthetic and other properties. The
agents of brown rot cause chemical changes similar to the changes that occur dur-
ing the hydrolysis of wood with mild acids (Rayner, A.D.M., Boddy, L., 1998).
Through their metabolic processes, fungi modify nutrients into molecules that
support their life processes.

The study of the changes in wood properties caused by epixylous fungi should
include a brief description of the nutritional requirements of the fungus, chemical
composition of wood, and the changes that occur in the chemical composition and
structure of the affected wood. All wood-rotting fungi can use final products such
as free sugars, lipids, peptides and other primary metabolites. These substances
have a crucial impact in the initial stage of wood infestation. Carbohydrates are
the most important source of carbon in the nutrition of epixylous fungi. A rich
source of carbon is found in the basic structural elements of the wood cell walls
(hemicellulose, cellulose and lignin). Cellulose, as the most abundant element on
earth, builds the skeletal substance of the cell wall and represents the most impor-
tant constituent of wood (Knezevic, M., 1975; Markovic, M. et al., 2011a). The
disintegration of cellulose does not occur evenly throughout the affected wood
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because hyphae are not organized and act individually. At first, only a few cells
are attacked, but their number gradually rises (Markovic, M. et al., 2011b). As a
matter of fact, the disintegration of cellulose is rapid in the initial stages, but then
it slows down. The fungus first destroys the free cellulose in the middle layer of the
secondary wall because it is the least lignified layer. As soon as the fungus enters
the parts of the cellular membrane with a higher content of lignin, disintegration
slows down. The disintegration of cellulose in the primary wall is the slowest as
this part contains the largest portion of the total lignin (Jankovsky, L., 2002).
Changes in the wood structure are manifested primarily in the bending strength,
with the process being roughly two to three times faster when initiated by brown
rot agents. Basic parameters of the bending strength of Q. petraea samples that
were exposed to the effect of L. sulphureus for two, four and six months compared
to the control group are presented in Table 1 and expressed in absolute values.

Table 1 Bending strength reduction (%) under the influence of the L. sulphureus
Tab6ema 1. Cmameme uBpcTohe Ha caBujame (%) nop yrunajem rpuse L. sulphureus

0 months / 2 months / 4 months / 6 months /
0 meceru 2 Mecelja 4 Mecena 6 Mecenu
Number of -measurements / 30 30 30 30
bpoj mepema
Minimum value / 109.74 75.87 34.24 16.42
MI/IHI/IMaTIHI/I MN3HOC
Maximum value / 205.98 206.97 179.49 156.79
MaxkcumanaHu U3HOC
Arithmetic mean / 156.12 143.21 117.35 98.75
ApuTMETHYKA CpeilMHa
Crasgaphua Aesujaumja 28.65 29.34 40.62 36.32
Standard deviation
Coefficient of variation / 18.35 20.49 34.62 36.78
Bapujauyonu KoedurjenT

Table 1 shows that the data are least scattered, i.e., the coefficient of variation
is the lowest in the control group of samples (18.35), while it is the highest after
two and six months of exposure to L. sulphureus (20.49 and 36.78), which results
from the inhomogeneous wood structure and uneven colonization of wood by the
fungus. The average bending strength is 156.12 in the control group of samples,
143.21 after two months of exposure to L. sulphureus, 117.35 after four months,
and 98.75 N/mm?” after six months of exposure.

Thus, the greatest reduction in the bending strength of Q. petraea agg. wood
exposed to L. sulphureus occurs in the first two months, after which the process
slows down. According to Rayner, A.D.M. & Boddy, L. (1998), changes in the
properties of wood under the influence of most brown rot agents are reflected pri-
marily in the changes in bending strength. They occur immediately after the first
signs of decay have occurred, which is particularly evident in this case. Based on
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the results of the T-test, shown in Table 2, it is clear that significant differences oc-
cur in the first two months of exposure to L. sulphureus and apply to all examined
groups of samples, except in the period between two and four months of action.

Table 2 Bending strength reduction under the influence of L. sulphureus (T test)
Ta6ena 2. Cmamerbe yBpcTohe Ha caBujaibe 1Of yTuijajeM rpuse L. sulphureus
(T Tect)

0 months / 2 months / 4 months / 6 months /
0 Mecerut 2 Mecena 4 mecena 6 Mecenn
0 months / _ 12.9138 38.7752 57.3717
0 meceru
2 months / R 25.8614 44.4579
2 Mecelja
4 months / - 18.5965
4 mecerja
6 months / -
6 Mecelu

I:I - Significant difference at the level of 0.05/ 3Hauajna pasnuka Ha Husoy 0,05

This means that during this period there is no significant reduction in the bending
strength. The differences stem from the large variability of data, not from the exposure
to the action of the fungus. The analysis of fractures of the sessile oak tubes exposed to
L. sulphureus conducted during the bending strength measurement determined that, in
the first two months, many specimens have long-fiber fractures besides the smooth ones.
Krzusik, E. (1974) states that the wood with high bending strength has long-fiber fractures,
while the wood with the medium bending strength has short-fiber fractures and the wood
with low bending strength smooth fractures.

Table 3 Correlation analysis of exposure time to fungus L. sulphureus and wood
properties
Tab6ena 3. Kopenaijona ananmsa gy>KuHe fiejctBa I/buse L. sulphureus 1 cBojcTBa IpBeTa

Correlation
Tested property / Model type / coefficient / Regression equation /
: Kopenanmonn .
VcniutmBaHO CBOjCTBO Tum mopmena . Perpecnona jegnaunna
KoepuIujeHT
(x)
Bending strength / Square function /
Yspcroha Ha caBujae | JInHeapHM Mopen +0.992802 o=151.514 + 30.657 ﬁ
(0) (x) L

The obtained results lead to the conclusion that after six months of exposure to
the fungus the process of wood destruction, although highly advanced, is probably
not completed, meaning that there is a possibility that the cell membrane layers
may still contain a sufficient quantity of cellulose that provides bending strength.
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Correlation analysis was performed in order to establish a correlation between the
tested wood properties depending on the time of exposure to the fungus (Table 3).

This is of practical importance in the implementation of protection measures
and usability of wood. According to literature sources (Miric, M. et al., 2012;
Rayner, A.D.M.,Boddy, L., 1998; Petrovic, M., 1980), the examined property
represents the fastest and clearest indicator of destruction under the influence of
epixylous fungi. In that sense, future chemical analyzes of the wood exposed to
fungi could give a clearer definition from both qualitative and quantitative aspects,
enabling a comprehensive insight into the course and effects of the growth of fungi
on wood.

4. CONCLUSIONS

After two, four and six months of L. sulphureus action, the bending strength
of oak wood decreased significantly compared to the initial value (100%) and
amounted to 91.73%, 75.71% and 63.25% of the initial value. In the period be-
tween two and four months, the destruction process slowed down and the loss was
only 16.02%. In the period between four and six months, the destruction increased
slightly, and the bending strength decreased by another 39.46%.

Correlation analysis showed a strong correlation between changes (reduc-
tions) in the examined property of Q. petraea agg. wood relative to the time of
action of L. sulphureus. This finding opens up the possibility to use the regression
equation to predict changes in wood properties, depending on the time of their
exposure to fungi, under unchanged environmental conditions.

If similar experiments are performed in future research dealing with the most
important tree species against the most abundant and dangerous wood-destroying
fungi in a larger number of monitoring periods, the obtained results could serve as
a basis for the development of relevant tables (standards). By crossing the obtained
data and analyzing them statistically, we would come to the closest approximate
values that could be entered into the relevant tables and applied in practice.
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YTULIA] IJbVIBE Laetiporus sulphureus (BULL. EX FR.) MURRILL HA YBPCTORY HA
CABUJAE IPBETA XPACTA KUTHHAKA

Mupocnasa Mapkosuh
Penatia Iniuh Cepgap
Mapuja Munocasmesuh

Pesnme

Ysopum 3a MCIUTHUBambe NPUKYIUbEHM Cy U3 CPUMKe 3[;paBOr CTabma XpacTa y UCTOIHO]
Cp6uju. TokoMm mepyozia MCIUTHBAA OFf 2, 4 11 6 Mecely, y30pIiy ApBeTa OUIIV Cy U3/I0KEHN YTH-
I1ajy MuIIe/je I/bUBe KOja y3pOKyje MpKy NPU3MATHUHY Tpynex Xpacta Laetiporus sulphureus (Bull.
ex Fr.) Murrill (cymnopmaua). AHanusa je BpllieHa Ha IIPBOM TPYIILLY Of IIPU/JaHKa 10 IIPBE XXIBE
rpase (3,4 m gy>xuHe). VI3 Tpymia cy uspesaHe 4 LieHTpajHe IacKe, Koje Cy IIOTOM CEe4eHe Ha CeK-
Luje. JeqHa Jacka je mpeacTaB/bajia KOHTPOITY, a OCTajle Cy M3J/IaraHe JIejCTBY I/bMBE Y KOHTPOJIICA-
HUM yC/1oBUMA. Vicnuras je ytunaj rsuse Laetiporus sulphureus (Bull. ex Fr.) Murrill Ha cmameme
uyBpcTohe Ha caBujame pseta Q. petraea. ITomTo ce caBojHa YBpCTONA M3padyHaBa y OFHOCY Ha
IIOTIPEYHY MpeceK ApBeTa Ha MeCTY JiejCTBa CUJIe, Ipe Mepera YBpcTohe, enmpyseTe cy Ha cpefu-
HU YHAaKpCT U3MepeHe MUKPOMeTpoM, ca TauHouthy 0,01mm. Pasmak ocnonana 61o je 280mm, a
erpyBeTe Cy O1Ie U3/I0XKEHe JIejCTBY jefjHe KOHIIEHTPHCaHe CIIe KOja je JlejCTBOBasIa Ha IIO/IOBUHMA
pasMaka oc/ioHara. Mepeme caBojHe YBpcTohe M3BPIIEHO je Ha YHUBEP3aTHOj MAIIVHIY 33 VICTIUTH-
Barbe MEXaHMYKIUX CBOjCTaBa IpBeTa KOJ KOje je MOTUCKMBAY 3a IPEHOC CIIe 3a00/beH, ca panujy-
coM 15mm. bp3nHa fiejcTBa custe O6ua je paBHOMEpPHA U IeHO YKYITHO TpPajambe M3HOCUIIO je OKO
2min. CBu ;quMjeHM oIy Cy obpabheHn cTaHAAPAHMM CTATUCTUYKUIM MeTOfaMa 1 M3pavyHaTa
je apuTMeTHYKa CpefiiHa, TPEeNIKa apUTMETNIKE CPefjiHe, CTaH/JapJHa JieByjalija 1 BapujaliOHn
koeduiujent. Takobe je ypaheno mopebeme pesynrara gecrpykumje momohy jegHodaxTopujanHe
aHanuse BapujaHce (F-Tecra), Ha OCHOBY Kora je ypaheH TecT HajMamuX CUTHUGMKAHTHUX pas/nKa
(LSD - T-tect) nsmely KkoHTpOIIE U 2 Mecella, KOHTpOIe 1 4 Mecelia, KOHTpoJIe 1 6 Mecely, 2 1 4
Mecelja Kao 1 4 1 6 Mecellu JiejcTBa I/bMBe. Pajiu JoKasyuBamwa MocTojama Bese n3Mehy Bpemena
TejCTBa T/bMBE KaO HE3aBJICHO IIPOMEH/bIBE BeMIMIIHE ¥ TIPOMeHe MeXaHIYKOT CBOjCTBA ApBeTa
Kao 3aBJICHO ITPOMEH/bIBE BeIMUNHE, U3BPIIEHA je KOpeaIoHa aHam3a. Ha ocHoBy o6paze oc-
HOBHIX IIapaMeTapa, KOHCTaTOBaHO je Jia je KOJj caBojHe YBpcTohe JIOIIO 1O BEMKOT pacuIlamba
nosiaraka. Pacunarme je HajMarme Y KOHTPOJIHOj TPYIN y30paka - KoeuumjeHT Bapujalje n3HOCK
18,35, a moehasa ce y rpymama y3opaka Koju €y 2, 4 1 6 Mecely OMIu U3JI0KEeHN [ejCTBY I/bUBe
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L. sulphureus. Tako y rpymu y3opaka Koju cy 2 Mecelia Oy U3/I0XKeH! JiejcTBY rbuse L. sulphureus,
koeduiyjeHT Bapujanuje usHocu 20,49, y rpymnm usnoxeHoj 4 Mecena - 34,62, a y rpynu U3I0XeHoj
6 Mecery - 36,78. To 3Ha4M Jja ce pacumame nojaraka nosehasa ca [y)X1MHOM [iejCTBA I7bUBE, HITO
je BepoBaTHO IOC/IENIIA HEPABHOMEPHOT KOJIOHU3MPaba ApBeTa off CTpaHe I/byBe. VIcTpaxkuBama
Cy BpIlIeHa Ha allCOMTYyTHO CYBOM JIPBETY, a CaBOjHA YBpcTONA UPEKTHO 3aBVCH Off KOJIYIHE BJIare
y apBery 1 Hajseha je pu Basu o 4-6%, a Ha Mawoj u Behoj BakxHOCTH onazia. PesynraTu ncrpa-
JKMBamba Cy TMOKa3ajM Ja je CaBOjHa YBpCcToha ApBeTa KUTHAKa IPOCeYHO nsHocwa 143,1N/mm?
mocre 2 Mecenia, 117,35N/mm? nocre 4 mecena 1 98,75N/mm? HaKOH 6 Mecel! [iejcTBa I7/bUBE, LITO
y mpoueHTuMa usHocu 91,73; 75,17 u 63,25%. KonctaroBaHo je fa je Hajsehe cMamerme caBojHe
yBpcTohe HacTymmo y nepuony usmeby 2 n 4 Mecena - capojHa uBpcToha omazia 3a 16,56%, 11to je
JBOCTPYKO BUIIIe Off CMam-erba y IIpBa 2 Mecenja. Vamehy 4 n 6 Mecenn - caBojHa uBpcToha omazia 3a
11,92%. VicnuTuBama Cy oKasasa /ja HAKOH 6 MeCeIy IejCTBa ITbUBe IPOIiec AeCTPYKIuje Hije 3aB-
PpIeH 1 1a HajBepoBaTHMje y criojeBuMa henmmjcke MeMOpaHe ITOCTOj1 TOBO/BHA KONIMYNHA LIETyI03¢e
Koja My 06e36ehyje mocrojame caBojHe uBpcTohe. Perpecnona munuja fo6ujeHa 06paoM mogaTaxa
OTBOPMIIA je MOTYNHOCT MPOrHO3Vpaba IIPOMeHe CBOjCTaBa IpBeTa y ofpeheHrM BpeMeHCKIM Iie-
pMOZIMIMA JIejCTBA I/bIBE, TI0J, HEIIPOMEH-eHIM YCTIOBJMMA CIIO/bHE CPeVIHe.
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