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1. Introduction 

Previously we (T. K. KIRK and T. L. HIGHLEY, 1973) reported that three 
brown-rot fungi, Poria placenta, Lentinus lepideus, and Gloeophyllum 
trabeum, removed glucomannan faster than cellulose or xylan in coniferous 
wood decayed in laboratory tests. There was variation in xylan removed, but 
it usually was faster than cellulose. K. SEIFERT (1968)found that Coniophora 
cerebella, a brown-rot fungus belonging to the Coniophoraceae, depleted 
cellulose and pentosans (xylan) from pine approximately simultaneously. 
He did not assay for the major hemicellulose, glucomannan. Only E. B. 
COWLING (1961) has assayed for removal of mannan from a hardwood sub­
strate by a brown-rot fungus. He found that the mannan component was 
preferentially removed from sweetgum by P. placenta. Thus analysis of ad­
ditional wood/fungus combinations needs to be done before it can be estab­

* The author thanks MARILYN J. EFFLAND, Chemist a t  Forest Products Laboratory,
for chemical analysis of decayed wood. 

1 Maintained in cooperation with the University of Wisconsin. This article was 
written and prepared by U. S. Government employees on official time, and it is there­
fore in the public domain and not subject to copyright. 
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lished whether or not preferential removal of glucomannan is a valid 
generalization for brown-rot fungi in both hardwoods and softwoods. 

Wood analyzed by T. K. KIRK and T. L. HIGHLEY (1973) was decayed in lab­
oratory tests over a nutritious medium. The selective removal of cell wall 
components may be changed by nutritional factors that influence fungus 
physiology (R. A. BLANCHETTE et al., 1985). For example, BLANCHETTE et al. 
found that Ganoderma applanatum and Ishnoderma resinosum selectively 
delignified wood in nature, but in laboratory soil-block tests all cell wall 
components were removed. Also, low nitrogen enhanced lignin degradation 
in Phanerochaete chrysosporium (T. K. KIRK et al., 1978). 

It is important to establish preferential removal of cell wall components of 
wood because such information is useful in the development of new preser­
vative techniques. For example, if hemicellulose utilization is an essential 
early step in the decay process, blocking this step would stop the whole 
decay process. The specific purposes of obtaining these data were: (1) elabo­
rate on the changes in individual hemicellulose polymers during decay by 
two species in Coniophoraceae and two non-coniophoroid brown-rot fungi 
in both hardwoods and softwoods and (2) determine the effect of exogenous 
nutrients on removal of cell wall constituents. 

2. Materials and Methods 

2.1 W o o d  s a m p l e s  a n d  d e c a y - t e s t s  

Sapwood blocks 6.35 mm × 6.35 mm × 3.18 mm (1/4 × 1/4 × 1/8 in., the small dimen­
sion in the fiber direction) were cut from western white pine (Pinus monticola Dougl.) 
and hard maple (Acer rubrum L.). (Small test blocks were used rather than large 
blocks because there is likely to be more uniform decay throughout, particularly in 
early stages.) The blocks were numbered, conditioned to constant weight a t  27°C and 
70% relative humidity, and then weighed. These were decayed by the standard Amer­
ican Society for Testing and Materials soil-block method (ASTM, 1971) and an agar-
block method. The soil-block method involves contact of the test wood with soil, 
which provides a source of nutrients for the fungi, thus enhancing decay. The agar-
block tests used in this study were designed to provide favorable conditions for decay, 
but also to prevent contamination of the block by foreign nutrient material and leach­
ing of degradation products from blocks. With this method, the test fungi were grown 
on Whatman No. 1 filter paper strips placed over a nutrient-agarmedium (T. L. HIGH-
LEY, 1973). After the fungi covered the filter paper, the strips were removed and 
placed on triangular-shaped glass rods over 1.5% water agar in 8-oz French square 
bottles. In both soil-block and agar-block chambers, 20 blocks/bottles were decayed 
at  different lengths of time to obtain samples in various stages of decay. Following in­
cubation, the blocks were removed, reconditioned, weighed, and their weight losses 
calculated. Noninoculated blocks served as controls. 

Blocks were decayed by two brown-rot species of the family Coniophoraceae, Con­
iophora puteana (Schum.: Fr.) Karst. and Leucogyrophana arizonica Ginns, and two 
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brown-rot species not of the Coniophoraceae, P. placenta (Fr.) Cke. and G. trabeum 
(Pers.)Murr. 

2.2 A n a l y t i c a l  t e c h n i q u e s  

Sound and decayed wood blocks were ground to pass a 0.50-mm (40-mesh) screen, 
and the meal dried thoroughly at 45°C under high vacuum. The samples were 
analyzed for Klason lignin using previously described methods (M. J. EFFLAND, 1977). 
Relative amounts of glucose, xylose, and mannose in acid hydrolysates were deter­
mined using high-pressure liquid chromatography as described by R. C. PETTERSEN et 
al. (1984). From these values the glucan, xylan, and mannan, and the losses of each 
during decay were calculated (E. L. SPRINGER, 1966). 

The principal components of conifer wood are cellulose (~ 41%), hemicelluloses 
(~ 26%), and lignin (~ 29%). There are two principal hemicelluloses: (1) a galacto­
glucomannan (~ 16%), which is about 70% mannan, and (2) an arabino-4-0­
methylglucuronoxylan (~ 10%) of which about 65% is xylan (T. TIMELL, 1967). Thus, 
the measured amount of glucan is an estimate of cellulose content with a small error 
due to glucomannan; the amount of mannan is an estimate of the major hemicellulose, 
and the amount of xylan an estimate of the minor hemicellulose. 

In angiosperm wood, the major hemicellulose (~ 25%) is of the 0-acetyl-0­
methylglucuronoxylan type of which about 75 % is xylan. There is a minor amount of 
the glucomannan type (~ 3%) of which about 65% is mannan. 

3. Results and Discussion 

The analytical values for the decayed woods are illustrated graphically in 
Figs. 1 and 2 as loss in lignin, glucan, mannan, and xylan, with results ex­
pressed as a percent of the original amounts of each. 

The removal of cell wall components by the coniophoroid brown rotters, 
C. puteana and L. arizonica, was similar to the nonconiophoroid brown rot­
ters, G. trabeum and P. placenta. A few variations are seen in the relative 
rates of removal of the components, but overall it is clear that all the brown-
rot fungi have similar effects on both hardwood and softwood substrates. 

Typical of brown-rot decay, the polysaccharides were utilized by all the 
fungi before the lignin. The values for lignin removal were irregular, but 
generally the brown-rot fungi caused a slight depletion of lignin. This was 
particularly evident at the lower weight losses. Some surprisingly high 
values in lignin removal were observed, reaching around 20% in a few cases 
but only at the higher weight losses. For example, G. trabeum removed 22 % 
of the lignin in maple at 58% weight loss over the soil medium. However, 
there was not a consistent relationship between type of wood or nutrient 
medium in the amount of lignin removed by the brown-rot fungi. 

The lignin analysis is based on the acid insolubles in the samples following 
acid hydrolysis (M. J. EFFLAND, 1977). Therefore, in measuring lignin by the 
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Fig. 1. Progressive loss of major structural components in pine and maple decayed by 
four brown-rot fungi by the soil-block method. Fifteen to twenty blocks of similar 
weight loss were combined for analysis. These data are based on a single determina­
tion of each component in the combined blocks and are expressed on the basis of the 
original amount of each component in the sound wood. The analytical methods have 

proven to give reproducible values (W. E. MOORE and D. B. JOHNSON, 1967). 

sulfuric acid method, we have not determined the actual extent of lignin de­
gradation. Both chemical analysis (T. K. KIRK and E. ALDER, 1970; T. K. 
KIRK, 1975)and ultrastructural studies (T. L. HIGHLEY et al., 1985)show that 
lignin remaining in brown-rotted wood is degraded. Thus the lignin analysis 
does not account for the acid-soluble, degraded lignin, but it is reproducible 
(T. K. KIRK and T. L. HIGHLEY, 1973). 

The four brown-rot fungi were similar in the relative rates of removal of 
glucan and mannan in maple and pine - mannan was removed at a substan­
tially faster rate than glucan in all cases. There was variation in xylan re­
moval by the fungi, but it was usually depleted faster than the glucan. Re­
moval of the carbohydrate constituents was similar when decayed by the 
soil-block method or the low-nutrient agar-block test. Thus it can be con-
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Fig. 2. Progressive loss of major structural components in pine and maple decayed by 
four brown-rot fungi by the agar-block method. See Fig. 1 for explanation of data. 

cluded that with respect to the lignin, glucan, mannan, and xylan removal 
neither the wood species, nutrient medium, or fungus appear to markedly 
influence the pattern of decay. 

Differences in ability of brown-rot fungi to utilize hemicelluloses in soft­
woods and hardwoods has been suggested as a significant factor for the pre­
ference of brown-rot fungi for softwoods (G. KEILICH et al., 1970). In nature, 
brown-rot fungi usually occur on softwoods, but under laboratory condi­
tions such as in this study these fungi will decay both hardwoods and soft­
woods. The results of this study show that all the brown-rot fungi preferen­
tially remove mannan, and to a lesser extent xylan, from both hardwood and 
softwoods. Softwoods contain considerably more mannan than hardwoods. 
It is possible, therefore, that the high mannan content of softwoods enables 
brown-rot fungi to compete better than other types of wood-decaying fungi 
in softwood substrates in nature. 

Hemicelluloses form an encrusting envelope around the cellulose micro-
fibrils, and this protects them against cellulolytic attack. Our results 
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strongly suggest that further degradation and removal of depolymerized cel­
lulose may depend on prior removal of the hemicelluloses, particularly 
glucomannan. Thus, hemicellulose utilization may be a critical initial step in 
establishment of brown-rot fungi in wood; and if methods could be found to 
inhibit this step, the decay process should be inhibited. 

4. Summary 

Miniature blocks of-pine and maple wood were decayed by four brown-rot fungi: 
Coniophora puteana, Leucogyrophana arizonica, Poria placenta, and Gloeophyllum 
trabeum. The blocks were decayed over a soil medium and a low-nutrient agar 
medium. Quantitative changes in lignin, glucan, mannan, and xylan during decay 
were determined. Removal of cell wall components by the fungi was similar in both 
pine and maple and by both decay tests. The fungi removed the polysaccharides but 
only slightly depleted the lignin. The mannan was removed substantially faster than 
glucan or xylan. Xylan was usually depleted faster than glucan. 

Zusammenfassung 

Veränderungen der chemischen Bestandteile von Laub- und 
Nadelhölzern durch Braunfäulepilze 

Miniaturklötzchen aus Kiefer und Ahorn wurden durch 4 Braunfäulepilze abge­
baut: Coniophora puteana, Leucogyrophana arizonica, Poria placenta und Glo­
eophyllum trabeum und zwar nach der Erde-Klötzchen und der Agar-Klötzchen-
Methode (mit geringem Nährstoffgehalt). Die quantitativen Veränderungen des 
Lignin-, Glucan-, Mannan- und Xylan-Gehaltes während des Pilzangriffs wurden 
bestimmt. In beiden Holzarten und in beiden Verfahren verlief. der Abbau der Zell­
wandbestandteile ähnlich. Die Pilze bauten die Polysaccharide ab, nutzten das Lignin 
jedoch nur in sehr geringem Maße. Mannan wurde erheblich schneller abgebaut als 
Glucan oder Xylan. Xylan wurde im allgemeinen schneller abgebaut als Glucan. 

Résumé 

Modifications des éléments chimiques constitutifs des essences résineux 
et feuillues par champignons de pourriture brune 

Des blochets miniatures en pin et érable ont été degrades par 4 champignons de 
pourriture brune: Coniophora puteana, Leucogyrophana arizonica, Poria placenta et 
Gloeophyllum trabeum selon la methode en terre et celle sur agar (avec une quantité 
minimale d’éléments nutritifs). Les variations quantitatives en teneur de lignine, glu­
cane, mannane et xylane ont été mesurées. Dans les deux essences et selon les deux 
méthodes la dégradation des parois cellulaires s’est effectuée de même manière. Les 
champignons dégradaient les polysaccharides, n’utilisaient toutefois qu’en faible 
quantité la lignine. Les mannanes furent détruits relativement plus rapidement que 
les glucanes et les xylanes. Les xylanes, en général, étaient plus rapidement détruits 
que les glucanes. 
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