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A bstıact

Serpııla lacıyınans  (YVulfeıı:Fr.) S clıroe ter, the d ry  ro t fungus, is generally  
accepted  as oııe o f tlıe m ost ecoııom ically iıı ıp o rtan t w ood deg rad in g  fungi in som e 
te m p era te  regions of the vvorld. T his s tudy  eva lua ted  decay capac ity  o f one isolate 
o f S. lacrym ans  a t fou r d iffe ren t vvood species by the  two d iffe ren t decay tests by 
using vvood blocks and  stakes. Besides nıass Iosses in tlıe specim ens, stren g tlı losses 
and  oxalic acid (OA) pı oduction  in wood by tlıe fungus d u rin g  decay process vvere 
also m casured . H igher m ass losses vvere observed  in th e  wood blocks in soil block 
tests vvlıen com pared  to the stakes in a m odified soil bed tests. Losses in m odulus of 
ru p tu re  (M O R ) in bending  vvere n ıore d istinctive in the  stakes th a n  m ass losses. Iıı 
the specim ens sub jected  to decay tests, tlıere  was a good co rre la tio n  betvveen botlı 
n ıass losses and OA p ıo d u c tio n  and  M O R  losses and  O A  p ro d u ctio n . F u rtlıe r  
studies a re  in p rogress fo r trea ted  vvood specim ens to u n d ersta ııd  copper to le rance 
ab ility  ol'ıS’. lacrym ans  to copper-based  vvood p rese rva tives.

Iveyvvords: Serpııla lacrymans, oxalic acid, mass loss, M OR loss, decay

1. Intı oduction

D ecay caused by brovvn-rot fungi is the m ost prevalent and destnıctive type o f 
vvood deterioration because it can cause rapid structural faihıre. The dry rot fuııgus, 
Serpııla lacıyınans (W ulfen:Fr.) Sclıroeter is one o f  the m ost destructive and importaııl 
decay fungi in buildings in Northern and Central Europe and it may cause decay and
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strııclural dam age in botlı tim ber and masonry (Hastrup et al., 2006). Depolym erization 
o f cellulose in \vood by brown-rot fungi has been explained by different patlıvvays; by 
the oxidative radical reactions, such as tlıe Fenton reaction, initiated by the prodııction 
o f  extracellular hydrogen peroxide (Koeııigs, 1974; Higlıley, 1987; R itschkoff and 
Viikari, 1991) by one-electron oxidatioıı (Enoki et al., 1990, 1991) and by production o f 
oxahc acid (OA) (Schm idt et al., 1981; Beclı-Anderson, 1987; Green et a l ,  1991). 
Brow n-rot fungi contain at least two different OA prodııciııg enzymes, glyoxylate 
oxidase (delıydrogenase) and oxalate hydrolase, and the prodııction o f  OA is connected 
to the tricaıboxylic acid (TCA) cycle (Shimada et a l ,  1991). OA plays an important role 
in both bıovvıı and \vhite rot decay. İt is also assumed lo be a metabolic byprodııct o f 
incomplete glucose oxidation eitlıer via ma la te in the TCA cycle or glyoxylale in the 
glox cycle (Gadd, 1999; Mıınir et a l ,  2001). İt is secreted by the m ajority o f  bro\vıı-rot 
fungi, including S. laaym cıns , but only in limited amoıınts by \vhite-rot fungi becaııse o f  
the presence o f  the O A -degıading enzyme oxalate decarboxylase (Akaınatsu et a l ,  
1992).

There miglıt be no visible damage to the wood although brown rot decay fııngi 
initiate colonizatioıı and start to release enzymes and organic acids such as OA. During 
early decay, color or texture o f wood slightly changes, but decay may not be yet obvious 
(Clausen and Kartal, 2003; Clausen et a l ,  2001; Zabel and M orrell, 1992; Köse 2006). 
Hovvever, dııe to Chemical changes during inilial colonizatioıı, considerable losses in 
strengtlı before measurable mass losses can occur (Clausen and Kartal 2003; Kim et a l ,  
1996; Im am ura 1993, Schmidt et a l ,  1978; W ilcox 1978).

İt is o f great importance to be able to preveııt dam age by S. laaym cıns  since this 
fungus is able to caııse considerable failure in wooden structures. Since a relalionship 
betvveen copper tolerance and OA production has been implicated (Hastm p et a l ,  2005; 
Murplıy and Levy, 1983), it is benefıcial to know the resistance o f  S. laaym cıns  to \vood 
treated with copper-containing vvood preservatives. Hovvever, before tolerance tests, it is 
important to knovv the ability o f  the dry-vvood fungus, S. laaym cıns  to produce OA 
during its decay process coıısidering mass and strengtlı losses in ııntreated vvood. The 
aim o f this study vvas to evaluate OA production and decay capacity in untreated vvood 
blocks and stakes firom various softvvood and lıardvvood species exposed to the dry rot 
fungus, S. laaymcıns. In the study, vvood specim ens vvere subjected to the fungus in a 
soil block test and a modified soil-bed test and strengtlı and mass losses in the 
specimens- vvere determiııed after a 3, 6 and 12 vveeks incubation period togetlıer vvitlı 
pH and OA production.

2. Materials and Methods

2.1. Fungal cuiture

One isolate o f Serpula laaymcıns (W ulfen:Fr.) Schroeter (ATTC 36335) 
provided by the Çenter for Forest M ycology Research, Forest Products Laboratory, 
M adison, WI, USA vvas maintaiııed on 2% m alt extract agar.
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2.2. Decay test

Woocl blocks (19 x 19 x 19 mm) were prepared from  sapwood portions o f tvvo 
soft\vood (Pimts sylvestris L., A hi es bonımiilleriaııa  M attf.) and two haıdwood (Fagııs 
orieııta/is Lipsky, Popııhıs x eıınnnericcına I 214) logs. The blocks were free o f  kııots, 
and visible coııcentration o f  resiııs, and shovved no visible evidence o f  infection by mold, 
stain on \vood destroying fungi. Ali blocks \vere conditioned at room temperature prior 
to steam sterilizatioıı for 30 minutes. Blocks were then subjected to S. lacıynıans in soil 
block test (ASTM 1998). Test bottles vvere incubated at 27°C and 70% relative humidity 
(RTI) for 3, 6 and 12 vveeks. M ass loss in the blocks caused by fungus was then 
calculated from  the vveights before and after decay tests. Six replicate blocks for each 
\vood species and duration vvere used in the tests.

VVood stakes from the sapvvood portions o f  the four vvood species (250 mm (L) 
by 25 mm (T) by 10 mm (R) vvere exposed to S. lacıynıaııs in a modifıed cake pan test. 
One liter o f  a 1:1 soil and vermiculite mixtııre vvas placed in an aluminum cake pan. The 
surface o f the mixture vvas covered vvith rovvs o f  soııthem  pine feeders (42 m m  by 29 
mm by 3 mm). The moisture content o f  the soil/verm iculite mixture vvas adjusted to 
50% o f  the vvater-holding capacity, and tlıe test apparatus vvas autoclaved at 103 kPa 
and 121°C for 45 min. W hen the pans vvere cooled, the feeders vvere inoculated vvith the 
fungus by pipetting 100 ml/pan o f a ıııacerated 3-vveek-old liquid cultııre o f 5. 
lacrynıans evenly över the feeders. The test pans vvere sealed in a plastic bag to preveııt 
drying and incubated at 27°C and 70% RH for 3 vveeks until tlıe feeders vvere 
com pletely covered by fungal grovvtlı. Steam -sterilized test specim ens vvere tlıen placed 
on the top o f the feeders and the pans vvere incubated at 27°C and 70% RH for 3, 6 and 
12 vveeks. Mass loss in the stakes caıısed by fungus vvas then calculated from the 
vveights before and after decay tests. Six replicate stakes for each vvood species and 
duration vvere used in tlıe tests.

2.3. Determiııation of modulus of ruptııre (MOR)

Stakes vvere conditioned at 20°C and 65% RH prior to modulus o f ruptııre 
(MOR) in bending detemıinatioııs. M OR vvas conducted according to ASTM  D4761
(2005). W öod stakes vvere tested on a Losenlıaııseıı Universal Testing System equipped 
vvith a load celi vvith a capacity o f 10,000 N.

2.4. Determiııation of p il value aııcl oxalic acid production

The stakes approxim ately 25 mm-long by fiili cross-section vvere cut from the 
decay zoııe near the meclıanical failure o f  specimen. The pH o f  vvood vvas determined 
by an extraction method. W ood blocks and stakes sanıples vvere ground into savvdust. 
Savvdust o f  2.0 g vvas then imm ediately added to 50 mİ o fb o ilin g  de-ionized vvater and 
stirred for 5 min. in an Erleıımeyer flask vvith reflux. The mixtııre vvas standing in the 
closed flask for 30 minutes and vvas then rapidly cooled to room temperature. The
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extract vvas then fıltered and pH o f the solution vvas measured vvith a glass electrode. 
The experim ent vvas perform ed in three replicates.

Soluble OA vvas measured in the same savvdust samples for p il determinations. 
Savvdust samples vvere extracted in 3.0 mİ 0.1 M phosphate buffer, pH 7.0, for 2 h vvith 
shaking. For each extracted sample, OA vvas determ ined by mieroassay vvith a
diagııostic kit (Trinity Biotech Plc Ida Business Park Bray, Co., Wicklovv, Iıeland).
Am oıınt o f  OA vvas expressed as mieromoles OA per gram  o f  final dry vveight o f  vvood. 
The eıızymatic reactions involved in the assay procedure are as follovvs:

0 2
HOOC-COOFI --------------------------- ► 2 C 0 2 + H20 2

Oxalate oxidase

Peroxidase
H20 2 -t- M BTH -t- DMAB --------------------------->  Indamiııe dye + H20

Oxalate is oxidized to carbon dioxide and hydrogen peroxide by oxalate oxidase. 
The hydrogen peroxide reacts vvith 3-m ethyl-2-benzothiazolinone hydrazone (MBTH) 
and 3-(dim ethylamino) benzoic acid (DM AB) in the presence o f peroxidase to yield an 
indamine dye vvlıich has an absorbance maximıım at 590 nm. The inteıısity o f the color 
produced is directly proportional to the concentration o f  oxalate in the sample.

3. Results and Discussion

M ass losses in vvood blocks exposed to S. laaym cıns for 3, 6 and 12 vveeks are 
given in Figüre 1. Average mass losses in the vvood blocks ranged from 40%  to 60% for 
12 vveek incubation period. Iiighest mass loss vvas seen in P. cııramericana specimens 
vvhilst the study revealed mass loss hierarchies o f P. euramericancı > P. sylvestris > A. 
bornmülleriana > F. orientalis. Hastrup et al. (2006) tested Southern yellovv piııe vvood 
blocks (1-0 x 10 x 10 mm) against various strains o f  S. laaym cıns  and the strain ATTC 
36335 in soil bloclc tests for 10 vveeks. In their study, mass losses ranged from 28% and 
53%.
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Figüre 1. Mass losses occurred in the \vood blocks.
Şekil 1. Odun bloklarında meydana gelen ağırlık kayıpları.

Relationship bet\veen mass losses and OA production in \vood blocks exposed to 
S. lacıynıans for 3, 6 and 12 weeks are given in Figüre 2. The highest am ount o f OA 
vvas measured in P. sylvestris vvood blocks; hovvever, vvhen com pared to 6-vveek results, 
am ount o f OA decreased after 12-vveek-exposure period. Even though higher mass 
losses occurred in P. eııramericana  vvood blocks than the other vvood species, less OA 
production vvas seen in tlıose blocks. The OA coııcentration and the percentage mass 
loss increased in blocks from vveek 3 to vveek 6. In F. orientalis and P. eııramericana 
vvood blocks, amount o f  OA increased from vveek 6 to vveek 12; hovvever, no increases 
vvere seen in P. sylvestris and A. bornmülleriana  blocks. S. lacrynıans contiııued 
produciııg mass losses in P. sylvestris and A. bornmülleriana  blocks even though tlıose 
blocks shovved 110 more OA production by the fungus.

Relationship betvveen pFI and oxalic acid accumulatioıı in the vvood blocks is 
given in Figüre 3. Tlıere vvas a clear relatioıı betvveen pH and OA production in the 
blocks prepared from F. orientalis. In tlıose blocks, as am ount o f  OA increased, pH o f 
vvood decreased as expected. Some flııctuations vvere observed in P. eııramericana  and 
A. bornmülleriana  blocks, even though OA production by the fungus contiııued. In P. 
sylvestris vvood blocks, after 12 vveek exposure period, pFI decreased vvhen com pared to 
vveek 6; hovvever, OA production also decreased in tlıe respective vvood blocks for tlıe 
saıne exposure periods.
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Figüre 2. Relationship betvveen mass loss and oxalic acid accum ulation in tlıe wood 
blocks.
Şekil 2. Odıın bloklarında oksalik asit üretimi ile ağırlık kaybı arasındaki ilişki.

1600 n

1200 -

o  
•1 800

400"-

t .

F. oricntalis

/

P.eııraınericaııa

A

Şj $
vo

Z = 2 p H

-9— Oxalic acid

A. bonımiilleriana

i

Ün »

Çj ÇJ
PH VC <N

P. svlvestris

- 3

2 E Cl

Figüre 3. Relationship between pH and oxalic acid accum ulation in the vvood blocks. 
Şekil 3. Odun bloklarında oksalik asit üretimi ile pH arasındaki ilişki.

M
as

s 
los

s 
(%

)



Evaluation o f  Decay, Oxalic Acid Production . 21

Hastrup et al. (2006) stııdied corrclations between the am ount o f  soluble OA and 
the degree o f  \vood decay in untreated Southern yellovv piııe \vood blocks. Tlıey found 
that OA levels declined in iıeavily degraded wood vvhere average weight redııction o f 
about 45-50%  occurred. Tlıey stated that the amount o f  soluble OA vvere almost 
undetectable in vvood blocks that vvere lıiglıly to com pletely degraded (Espejo and 
Agosin 1991; Itakura et al. 1994). In a study by Green III and Clausen (2003), tvvo 
different S. lacrynıans strains vvere tested to evaluate decay capacities and OA 
production in vvood blocks. One strain caused mass loss o f  about 53% vvith OA 
production o f about 169 mM; hovvever, the other strain resulted in mass loss o f 15% 
vvith OA production o f 27 mM in Southern yellovv pine blocks. Tlıey state that OA 
production and a rapid lovvering o f  pH by decay fungi are im portant in the iııitial stages 
o f brovvıı rot (Beclı-Andersen, 1987; Green et al., 1991; Shim ada et al., 1994). Micales 
and Higlıley (1988) state that OA production is not alvvays directly related to the ability 
o f  fungi to decay vvood.

Figüre 4 illustrates M OR loss in the stakes exposed to S. lacıynıans for 3, 6 and 
12 vveeks. Higher M OR losses vvere occurred in P. eııramericana, A. bornnilleriana, and 
F. orientalis stakes vvhen com pared to P. sylvestris. A fter 12-vveek exposure, M OR 
losses in the vvood stakes in F. orientalis, P. eııramericana, and A. bornmülleriana  
reached ııearly 90%; hovvever, P. sylvestris vvood stakes had M OR losses o f about 60%. 
In P. eııramericana, A. bornnilleriana, and F. orientalis stakes, M OR losses after 6 
vveeks vvere as higlı as tlıose after 12 vveeks. M OR losses in F. orientalis, A. 
bornmülleriana, and P. sylvestris vvood stakes after 3-vveek-decay tests vvere around 
40% vvhile P. eııramericana  vvood stakes shovved M OR losses o f nearly 70% in the 
same exposııre period.

□  3 vveek

Figüre 4. M O R loss in the stakes after decay tests.
Şekil 4. Çürüklük testleri sonrasında meydana gelen eğilme direnci kayıpları.
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Figüre 5 slıovvs relationship amoııg MOR, mass loss, and oxalic acid 
accum ulation in the stakes after decay tests. The mass losses in \vood blocks were t\vo 
times greater tlıan wood stakes. M easuring mass loss in the stakes in the modifıed cake 
pan method might be an inaccurate method compared soil block test m ethod where 
considerably higher mass losses occurred. The size, shape, and greater volüme o f stakes 
might have slo\ved the progression o f fungal colonization (Clausen and Kartal, 2003). In 
the study, M OR was reduced 72% to 93% by the time mass losses o f 10% to 33% 
occurred. In general, OA production was correlated directly vvith decreases in pH o f the 
substrates. S. laaym cıns  rapidly lovvered the pH to 2.9 after 3 to 12-\veek decay process 
in P. sylvestris, A. bormiilleriana, and P. euramericana  vvood stakes. Highest OA 
production vvas observed in the stakes from P. euramericana  vvhere highest M OR and 
mass losses occurred. F. orientalis and A. borıımiilleriana  stakes also shovved MOR 
losses rnore than 80%; hovvever, lovver OA and mass losses vvere found in the respective 
stakes in com parison vvith P. euramericana  vvood stakes.

L   I Oxa!ic acid

Figüre 5. Relationship amoııg MOR, mass loss, and oxaIic acid accum ulation in the 
stakes after decay tests.
Şekil 5. Çürüklük testleri sonrasında eğilme direnci örneklerinde direnç kaybı, ağırlık 
kaybı ve oksalik asit üretimi arasındaki ilişki.



Evalııation o f  Decay, Oxalic Acid Productioıı 23

In a stııdy by Claıısen and Kartal (2003) M OR shovved tlıe m ost rapid decline o f 
mechanical properties tesled in cake pan method ıısing w ood stakes. In their study, 
stakes showed a 6:1 ratio o f  strength loss to \veight loss after 4 weeks incubation and 
M OR was reduced 19% by the time 3% \veight loss had occurred. Iıı a stııdy by Curling 
et al. (2001), the effect o f  hem icellulose degradation on strength properties o f \vood was 
stııdied by exposing Southern yelloıv piııe stakes to GloaophyUıun (rabeıım. Their results 
shovved a ratio o f  strength to \veight loss o f  approxim ately 40:1.

Figures 6, 7 and 8 represent relationships betıveen mass loss and oxalic acid 
accum ulation, M OR and mass loss, and M OR loss and oxalic acid accum ulation in the 
stakes after decay tests. Iıı general good correlations were observed betıveen mass loss 
and oxalic acid accum ulation and M OR and mass losses in the stakes. Hovvever vveaker 
corıelation \vas foııııd for M OR loss and oxalic acid prodııction.

Oxalic acid (gmol/g)

Figüre 6. Relationship betvveen mass loss and oxalic acid accum ulation in the stakes 
after decay tests.
Şekil 6. Çürüklük testleri sonrasında eğilme direnci örneklerinde ağırlık kaybı ve 
oksalik asit üretimi arasındaki ilişki.
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Figüre 7. Relationship between lylOR and mass loss in the stakes after decay tests.
Şekil 7. Çürüklük testleri sonrasında eğilme direnci örneklerinde direnç ve ağırlık 
kayıpları arasındaki ilişki.
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Figüre 8. Relationship between M OR and oxalic acid accum ulation in the stakes al'ı 
decay tests. •
Şekil 8. Çürüklük testleri sonrasında eğilme direnci örenklerinde direnç kayıpları w 
oksalik asit üretimi arasındaki ilişki.
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5. Conclusions

This study evaluated decay capacity o f  the dry wood fungus, S. ktcıymcıns in 
various wood species m easuring mass losses, OA production and strengtlı losses in 
vvood specim ens. In the study, untreated vvood specimens vvere exposed to the fungus in 
both soil block tests and modified soil bed tests. In the soil block tests, more mass losses 
in the vvood blocks vvere observed in the stakes subjected to soil bed tests. A m ount o f 
OA production by the fungus över the vvood blocks vvas greater than the stakes. M OR 
losses in the stakes vvere mııch more apparent than mass losses to determine initial steps 
o f  tlıe decay by the fungus. Further studies are in progress to evaluate copper tolerance 
o f  S. laaym cıns  considering OA production and different vvood species treated vvith 
copper-containing vvood preservatives.
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Özet

Kuru çürüklük mantarı Serpula laaym cıns  (W ulfen:Fr.) Schroeter, dünyanın 
ılıman bölgelerinde önemli ekonom ik kayıplara neden olan odun tahripçisi mantarlardan 
biri olarak kabul edilmektedir. Bu çalışma, dört farklı ağaç odunlarından 2 farklı boyutta 
hazırlanan örneklerde uygulanan 2 farklı çürüklük testinde S. la a y m a n s 'm  bir 
izolasyonunun oluşturduğu çürüklük kapasitesini incelemektedir. Çürüklük sürecinde S. 
laaym cıns  tarafından örneklerde oluşturulan ağırlık kayıplarının yanı sıra, direnç 
kayıpları ve oluşan oksalik asit miktarı da belirlenm iştir. M odifıye edilmiş toprak yatak 
(soil bed) denemeleriyle karşılaştırıldığında, toprak blok (soil block) denemelerinde 
odun örneklerinde daha yüksek ağırlık kayıpları m eydana geldiği görülmiişütiir. Eğilme 
direnci deneme örneklerinde meydana gelen direnç kayıpları, ağırlık kayıplarına gore 
çok daha ayırt edicidir. Çürüklük denem elerinde kullanılan örneklerde hem  ağırlık kaybı 
ile oksalik asit üretimi hem  de eğilme direnci kaybı ile oksalik asit üretimi arasında iyi 
bir ilişki olduğu belirlenmiştir. Bakır esaslı em prenye m addelerine karşı S. laaymcıns 
mantarının emprenyeli odun örneklerinde bakır toleransı kapasitesinin belirlenmesine 
yönelik çalışm alar sürdürülmektedir.

Anahtar Kelimeler: Serpula laaym cıns , oksalik asit, ağırlık kaybı, eğilme direnci 
kaybı, çürüklük

Y ay ın  K o m isy o n ıı'ııa  s u n u ld u ğ u  ta r ih :  11.04.2008 
Y ay ın a  k a b u l ed ild iğ i ta r ih :  05.06.2008

mailto:ckose@istanbul.edu.tr


Evaluation o f  Decay, Oxalic  Acid Production . 27

Reler en ces

A k am atsu , Y., M . T akalıaslıi and  M . S lıim ada, 1992. Cell-free extraction and assay 
o f  oxaloacetase from the brown-rot fungus Tyromyces palustri. Jo ım ıa l o f  the 
Japan IVood Research Society. 38: 495-500.

A STM , 1998. Standard test m ethod for wood preservatives by Iaboratory soil-block 
cultures. D 1413-76. Annual Book o f  Standards, Vol 4.10. W ood. American 
Society for Testing and M aterials, W est Consholıocken, PA. 206-212.

A STM , 2005. Standard test method for M echanical propeıties o f  Lumber and vvood- 
base Structııral M aterial. D4761.

B eelı-A ndersen, J ., 1987. Production, function and neutralization o f oxalic acid 
produced by the dry rot fungus and other brovvn rot fungi. Docımıent IRG/IVP 
1330. International Research Group on W ood Protection, Stockholm, Swedeıı.

C lausen , A .C . and  S.N. K a rta l, 2003. A cceleıated detection o f brown-rot decay: 
Comparisoıı o f  soil block test, Chemical analysis, m echanical properties, and 
immunodetectioıı. Forest Products Journal. 53 (11-12): 90-94.

C lausen , A .C ., R .J . Ross, J .W . F o rsm an  and  J.D . Balachovvsld, 2001. Condition 
assessm ent o f  ıo o f  tmsses o f Quincy M ine Balcksm ith Shop in Keweenaw 
National Historical Park. Res. Note FPL-RN-0281.USDA Forest Serv, Forest 
Prod. Lab., Madisoıı, VVI.

C urlin g , S.F., A .C. C lausen  and  J .E . W inaııdy , 2001. The effect o f hemicellulose 
degradation on the mechanical properties o f  vvood during browıı-rot decay. 
Docımıent IRG/W P  01-20219. International Research Group on W ood Protection, 
Stockholm, Svveden.

E u ro p e an  C om ıııittee for S tan d a rd iza tio n  1993. EN 310: Deternıination o f bending 
strength and modııls o f  elasticity.

E noki, A., S. Y oshioka, II. T a ııak a  and  G. Fııse, 1990. Extracellular H20 2-produciııg 
and one electron oxidation system  o f brovvn rot fungi. Docımıent IRG/IVP  1445. 
International Research Group on W ood Protection, Stockholm, Svveden.

E nok i, A., S.G . Fuse and H . T an a k a  1991. Extracellular H 20 2-producing and II20 2- 
reducing compouııds o f  vvood decay fungi. Docımıent IRG/IVP 1516. 
International Research Group on Wood Protection, Stockholm, Svveden.

E spejo , E . and  E. Agosiıı, 1991. Production and degradation o f oxalic acid by brovvn 
rot fungi. Applied and Enviroıunental M icrohiology. 57 (7): 1980-1986.

G ad d , G .M ., 1999. Fııngal production o f  citric and oxalic acid: im portance iıı metal 
speciation, physiology and biogeochem ical processes. Advances in Microbial. 
Physiology. 41: 47-92.

G reen  I II , F. and  A .C . C lausen , 2003. Copper tolerance o f  brovvn-rot fungi: time 
course o f  oxalic acid production, International Biodeterioration & 
Biodegradation. 51: 145-149.

G reen  III , F., M .J . L arsen , J .E . W inandy  and  T .L . H ighley , 1991. Role o f oxalic 
acid in incipient brovvn-rot decay. M aterial und Organisman. 26-3: 191-213.

I la s tru p ,  A .C .S., F . G reen  III , C.A. C lausen  and B. Jen sen , 2005. Tolerance o f 
Serpula lacrynıans to copper-based vvood preservatives, International 
Biodeterioration  c£ Biodegradation. 56: 173-177.



28 Coşkun Köse

Hastrup, A .C .S., F ., B. Jensen, C.A. Clauseıı and F. Greeıı I II , 2006. The effect o f 
GaCl2 on grovvth rate, vvood decay and oxalic acid accum ulation in Serpııla 
lacıyınans and related brown-rot fungi. H olzforschung, 60: 339-345.

H iglıley, T.L., 1987. Change in chaemical com ponents o f  hardvvood and softvvood by 
bro\vn-rot fungi. M aterial ııııd Orgaııisman. 22 (1): 36-45.

Im anıura, Y., 1993. Estim ation o f the fungal resistance o f  vvood composites for 
structuıal tise. Ctırr. Japonese Mater. Res. 11:75-S4.

Itakura, S., T. H iraııo, H. Tanaka and A. Enoki, 1994. Relationship betvveen 
degradatioıı o f  vvood, cellulose or ligniıı-related com pounds and production o f  
hydroxyl radical or accumulation o f  oxalic acid in cultuıes o f brovvn-rot fungi. 
D ocum ent IRGAVP 94-10062. International Research Group 011 \V00d Protection, 
Stockholm, Svveden.

Kim , G., W . Jee and J. Ra, 1996. Reduction in m echanical properties o f radiate pine 
vvood associated vvith incipieııt brovvn-rot decay. Afokchac Koııghak. 24( 1 ):81 -86.

Ivoeııigs J.W ., 1974. Hydrogen peroxide an iron: A proposed system for decom position 
o f  vvood by brovvn-rot basidiomycetes. Wood and Fiber. 6: 66-80.

K öse, C., 2006. Esmer Çürüklükte Oksalik A sidin Önemi. Doktora Tezi. İ.Ü. Fen 
Bilimleri Enstitüsü (in Turkislı)

M icales, J.A . and T.L. Higlıley, 1988. Some plıysiological clıaracteristics o f a 
nondegradative strain o f Postia(=Poria) placenta. Docum ent IRGAVP 1341. 
International Research Group on W ood Protection, Stockholm, Svveden.

M ıınir, E., J.J. Yoon, T. Tokim atsu, T. Hattori and M. Shim ada, 2001. A 
plıysiological role for oxalic acid biosyntlıesis in tlıe vvood-rotling basidiomycete 
Fomitopsis palustris. Proceedings o f  the National Acadenıy o f  Science. 
98:11126-11130.

M ıırplıy, R.J. and J.F. Levy, 1983. Production o f  copper oxalate by some copper 
tolerant fungi. Transactioııs o f  the Biritish M ycology Society, 81: 165-16S.

RitsclıkolT, A.C.S. and L. Viikari, 1991. The production o f  extıacellular lıydrogen- 
peroxide by brovvn-rot fungi. M aterial utul Orgaııisman. 26:157-167.

S clım idt, E.L., DAV. Frendi, R. Gertjejansen, J. Ilerm an and II. Hail, 1978. 
Strength redııctions in particleboard caused by fungi. Forest Products Journal 2S 
(2): 26-31.

Sclım idt, C.J., B.K. W lıitteııden and D.D. N iclıolas, 1981. Apropose role for oxalic 
acid in non-enzymatic vvood decay by Brovvn-rot fungi. Proc American Wood 
Pres. Assoc., 77: 157-164.

Shim ada, M., Y. Akam atsu, A. Otta and M. Takalıaslıi, 1991. Biochemical 
relationships betvveen biodegradation o f  cellulose and formation o f oxalic acid in 
brovvn-rot decay. Document JRG/IVP 1472. International Research Group on 
W ood Protection, Stockholm, Svveden.

Shim ada, M ., D.A. Ma, Y. Akamatsu and T. H attori, 1994. A proposed role o f oxalic 
acid in vvood decay systems o f  vvood-rotting Basidiom ycetes. FEM S M icrobiolgy 
Re\'ie\\’s. 13: 285-296.

W ilcox, W .W ., 1978. Revievv o f  literatüre on the effects o f  early stages o f decay on 
vvood strength. Wood Fiber. 9: 252-257.

Zabel, R.A. and M orrel J.J., 1992. W ood M icrobiology, Decay and Its Prevantion. 
Academ ic Press, Inc., San Diego, Califorııia.


