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Abstract: Wood is susceptible to photo-degradation in outdoor applications, and deformations 
occur on its surface such as micro or macro cracks, color changes etc. Especially, cracks make 
wood material more vulnerable to biotic attacks. In this study, decay resistance of natural and 
accelerated weathered beech samples was investigated by a brown (Coniophora puteana) and 
white rot (Coriolus versicolor) fungi attacks. For this purpose, beech samples exposed to natural 
weathering (NW) for 393 days, and accelerated weathering (AW) for 1512h, and then subjected 
to decay test in malt extract agar medium for 2 and 4 weeks.  After 2 weeks of decay testing, 

weight loss of samples by C. versicolor was found to be 24.30% for controls, 13.29% for AW 
samples and 24.38% for NW samples. In the case of C. puteana, it was found as 21.15%, 21.49% 
and 30.61% for controls, AW samples and NW samples, respectively. Weight loss of samples by 
C. versicolor was found to be 61.82% for controls, 30.72% for AW samples and 37.62% for NW 
samples, after 4 weeks of decay testing. The weight loss by 4 weeks exposure of C. puteana was 
found to be 21.43%, 28.44% and 37.67% for controls, AW samples and NW samples, 
respectively. Natural weathering caused more weight loss than accelerated weathering test for 
both fungi species. 
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Öz: Ahşap dış mekan uygulamalarında foto-degradasyona karşı hassas bir malzeme olup, 
yüzeyinde mikro veya makro çatlaklar ile renk değişiklikleri gibi deformasyonlar meydana 
gelmektedir. Özellikle çatlaklar, ahşap malzemeyi biyotik saldırılara karşı daha savunmasız hale 
getirmektedir. Bu çalışmada, doğal ve hızlandırılmış yaşlandırma testi uygulanmış kayın 
örneklerinin esmer (Coniophora puteana) ve beyaz çürüklük (Coriolus versicolor) mantar 

saldırılarına karşı dayanımı araştırılmıştır. Bu amaçla, 393 gün boyunca doğal dış ortam testi 
(NW) ve 1512 saat süreyle hızlandırılmış yaşlandırma testine (AW) maruz kalan kayın örnekleri, 
2 ve 4 hafta boyunca malt ekstrakt agar ortamında çürüklük testine tabi tutulmuştur. 2 hafta 
boyunca C. versicolor mantarının saldırısına bırakılan örneklerin ağırlık kaybı kontroller için 
%24,30, AW örnekleri için %13,29 ve NW örnekleri için %24,38 olarak bulunmuştur. C. 
puteana’ya maruz bırakılan kontrol, AW örnekleri ve NW örnekleri için ise ağırlık kaybı sırasıyla 
%21,15, %21,49 ve %30,61 olarak bulunmuştur. 4 hafta boyunca C. versicolor’a maruz bırakılan 
örneklerin ağırlık kaybı kontroller için %61,82, AW örnekleri için %30,72 ve NW örnekleri için 

%37,62 olarak bulunmuştur. C. puteana’ya 4 hafta boyunca maruz bırakılan örneklerin ağırlık 
kaybı kontroller, AW örnekleri ve NW örnekleri için sırasıyla %21,43, %28,44 ve %37,67 olarak 
bulunmuştur. Doğal dış ortam testi, her iki mantar türü için hızlandırılmış yaşlandırma testinden 
daha fazla ağırlık kaybına neden olmuştur. 
 
Anahtar kelimeler: Beyaz çürüklük, esmer çürüklük, doğal dış ortam testi, hızlandırılmış yaşlandırma testi, 

kayın. 
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INTRODUCTION 

 

During outdoor exposure, wood may undergo 

serious changes of its physical and structural properties due 

to the combined effect of sunlight (UV), oxygen, moisture, 

atmospheric pollutants and microorganisms. The 

combination of oxygen and UV rapidly causes the 

oxidation of lignin and hemicellulose, and 

depolymerization of cellulose. Most of the reaction 

products are water soluble, so they are easily removed from 

the wood surface by rain, resulting in weight loss, 

roughness and color changes (Xie et al., 2005; George et 

al., 2005; Evans, 2008; Lionetto et al., 2012). Weathering 

studies of wood can be both performed in laboratory and 

real outdoor conditions. Laboratory weathering test also 

known as artificial weathering test includes ultraviolet light 

and moisture cycles, and this procedure is generally 

accepted as a simulation of outdoor conditions. However, 

in reality there are many other degradation factors in 

outdoor such as colonization of microorganisms, aerosols, 

mechanical effects of wind, human, etc. Therefore, both 

experiments in laboratories and outdoor exposure tests in 

ground and above ground situations are essential for 

service life assessment of wood (Brischke and Meyer-

Veltrup, 2015; Metsa-Kortelainen and Viitanen, 2017; 

Tomak et al., 2018). 

In outdoors, wood undergoes biological decay by 

white, brown and soft rot fungi. Basidiomycetes are 

responsible for the most of wood decay in constructions 

(Bari et al., 2015). During exposure to fungal attack, 

significant changes occur in wood chemical composition, 

resulting in significant weight loss, mechanical strength 

loss and aesthetical defects. Weathering tests prior to decay 

tests can accelerate wood degradations, and can help the 

simulating of outdoor degradations in shorter time. The 

combination of the weathering tests and decay tests may 

become a new strategy to test wood preservatives in future. 

Studies on decay test of wood and/or wood-based 

composites after weathering tests showed that weathering 

affected decay process. Catto et al. (2016) investigated the 

effect of natural weathering and decay test by Trametes 

villosa, Trametes versicolor, Pycnoporus sanguineus and 

Fuscoporia ferrea. The results showed that natural 

weathering accelerated fungal degradation by influencing 

fungal growth. Decay resistance of weathered albizzia and 

sugi wood samples was studied by Sudiyanni et al. (1996). 

They found that weathered samples had higher weight loss 

than control samples. In another study, oak wood was 

naturally and artificially aged, and then, were inoculated 

with brown and white rot fungi. In that study, brown-rot 

fungi caused greater change in weight-loss in naturally 

aged samples than white-rot fungi did (Chow and Bajwa, 

1998). Reinprecht and Grznárik (2015) reported that the 

artificial ageing decreased the decay resistance of the 

modified or the modified and painted pine sapwood. Decay 

test of weathered beech samples showed that samples had 

darker color than that of controls due to the weight loss 

after C. puteana attack (Reinprecht and Hulla, 2015). 

In this study, decay resistance of natural and 

accelerated weathered beech samples was investigated by 

a brown (Coniophora puteana) and white rot (Coriolus 

versicolor) fungi. Samples were exposed to natural 

weathering (NW) for 393 days, and accelerated weathering 

(AW) for 1512h, and then were subjected to decay test in 

malt extract agar medium for 2 and 4 weeks.  Weight loss 

of samples was compared with un-weathered samples 

(controls). 

 

MATERIALS AND METHODS 

 

Materials: Beech samples were obtained from 

Sulekler Forest Industry, Bursa, Turkey. The samples were 

produced industrially. Samples with dimensions of 2 mm 

(radial) x 75 mm (tangential) x 150 mm (longitudinal) were 

prepared for artificial and natural weathering tests. After 

weathering tests, the samples were cut into 2 mm (radial) 

× 5 mm (tangential) × 30 mm (longitudinal) for the decay 

test. Samples without any visible defects such as cracks, 

strain and knots were selected prior the experiments, and 

then oven-dried. Malt extract agar sourced from Merck 

(Darmstadt, Germany). 

Method 

Artificial weathering: Artificial weathering was 

carried out in the Atlas UV Test machine (Illinois, USA) 

according to ASTM G154 (2016) standard. The weathering 

cycle consisting of a continuous UV (340 nm, 0.89 W/m2) 

for 8 h at 60°C followed by a condensation for 4 h at 50°C 

was applied for 1512 h. 

Natural weathering: Samples were exposed to 

outdoor conditions in south at an angle of 45° to the 

horizontal in Bursa Technical University campus with an 

altitude of 162 m in Bursa, Turkey for the period from 

November 2018 to November 2019 according to principles 

of ASTM G7 (2013) and EN 927-3 (2003) standards. 

Decay test: The decay test was performed 

according to EN 113 (1997) principles, with some changes 

in sample size and kolle flasks. 6 replicates were used for 

each group. Malt extract agar solution of 4.8% 

concentration, and the samples were sterilized in an 

autoclave (Tomy SX700, Japan) at a pressure of about 0.1 

MPa at 120°C for 25 min. Fungi cultures of the brown rot 

fungus Coniophora puteana (Schumach.) P. Karst. (Mad-

515) and white rot fungus, Coriolus versicolor (Linnaeus) 

Quelet (1030) were inoculated to sterile malt extract agar 

medium in the petri dishes. Samples were incubated at 

20°C and 70% RH for 2 and 4 weeks. After the test, oven 
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dry weights of samples were determined. The weight loss 

was calculated by the following equation:  

 

Weight loss (%) = (Mint-Mend/ Mint) × 100                 (1) 

 

 Where, 

 M is the weight of the samples and the subscripts 

“int” and “end” refer to the oven-dry weight at 103°C 

before and after the decay test, respectively. 

 

RESULTS AND DISCUSSION 
 

The weight loss of the samples is illustrated in Fig. 

1 for C. versicolor, and Fig. 2 for C. puteana attack. The 

weight loss of control samples showed that the decay test 

was valid, and the test conditions were suitable for growth 

of the fungi. Test fungi showed suitable growth and 

colonization of the mycelium on all samples.  

 

 
Figure 1. Weight loss of samples caused by C. versicolor attack. 

 

After 2 weeks, natural weathering and control 

samples degraded almost similarly around 24% by C. 

versicolor attack. Fungal degradation was found to be less 

in the artificial weathering samples (13.29%) than in the 

others. This may be explained by the rapid degradation of 

the chemical components of wood (especially lignin) due 

to artificial degradation. Samples thickness was around 

2mm, and this could accelerate the photo-degradation. At 

the end of the 4 weeks, the weight loss of beech samples 

was 61.82, 30.72 and 37.62% for control, artificial 

weathering and natural weathering samples, respectively 

(Figure 1). Panek et al. (2014) stated that artificial 

weathered beech samples exhibited less weight loss than 

the untreated control samples. 

Artificial weathering and control samples 

degraded almost similarly after 2 weeks of C. puteana 

exposure. At the end of the 4 weeks, the weight loss of 

beech samples was 21.43, 28.44 and 37.67% for control, 

artificial weathering and natural weathering samples, 

respectively. Natural weathering samples degraded more 

than artificial weathering samples for both decay fungi. 

Cracks and voids in the natural weathered samples could 

cause an entrance for fungi mycelium, and cause an 

increase in the moisture uptake during the decay test, and 

therefore may create more suitable conditions for fungal 

growth. Furthermore, different degradation rates of wood 

components between the weathering methods could also 

have an important role on the weight losses by fungi 

attacks. 

 

 
Figure 2. Weight loss of samples caused by C. puteana attack. 

 

In Fig. 1, control samples showed higher weight 

loss than weathered samples however in Fig. 2, weathered 

samples had higher weight loss than controls. The decay 

mechanism of C. versicolor and C. puteana might be the 

main reason for this finding. Brown rotter’s primarily 

attack the cell-wall carbohydrates, leaving a modified 

lignin at the end of the decay process. Simultaneous white-

rotter’s attack all cell-wall constituents (Zabel and Morell, 

1992). Weathering also causes a decrease in lignin 

component. In fact, weathering is a surface phenomenon. 

But in this study the thickness of the samples is quite small, 

and therefore the degradation could be deeper inside the 

sample. It may be concluded that the chemical components 

in the control samples are higher than the weathering 

samples, and thus may create a more suitable medium for 

C. versicolor growth than weathered samples. In the decay 

process of C. puteana, wood carbohydrates were degraded, 

and lignin was previously degraded in weathered samples. 

However, only carbohydrate degradations occurred during 

C. puteana attack in controls. This could cause a less 

weight loss in controls than weathered samples after C. 

puteana attack. 
 

CONCLUSION 

 

This study aimed to investigate the decay 

resistance of natural and accelerated weathered beech 

samples against C. puteana and C. versicolor attacks. The 

results showed that fungi species and weathering methods 

affected the decay resistance of samples. Natural 

weathering samples degraded more than artificial 

weathering samples after both decay fungi exposure. 

Different degradation rates of wood components between 
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the weathering methods probably played an important role 

on the weight losses by fungi attacks. Control samples 

showed higher weight loss than weathered samples after C. 

versicolor exposure, however, they had lower weight loss 

than weathered samples after C. puteana exposure 

probably related with the decay mechanism of white and 

brown rot fungi. 4 weeks of exposure to C. versicolor 

caused more weight loss than C. puteana for all samples 

since white rots in hardwoods are generally more severe. 

More studies are needed for better understanding in decay 

mechanism of weathered wood. 
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