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Within-Tree Variations In Decay Resistance, Basic Density and Fibre Length In Acacia 
mangium Willd. Wood 

Rita Andreas 

Plant Resource Science And Management 

Faculty of Resource Science and Technology 


University Malaysia Sarawak 


ABSTRACT 

Both heartwood and sapwood ofAcacia mangium sampled at 25% height (about 147.5 em high) and 75% height 
(about 442.5 em high) were subjected to attack by white rot (Pycnoporus coccineus) and soft rot (Chaetomium 
g/obosum) fungi. Heartwood showed lower percentage of mass losses relative to sapwood. Sapwood has low 
decay resistance, with overall mean percentage of mass losses (8.5%) due to both white rot and soft rot. The 
highest mean percentage of mass loss (17.0%) occurred at 75% height of tree stem in sapwood and was due to 
white rot. The lowest mean percentage of mass loss recorded was 0.8%, which occurred at 25% and 75% height 
of tree stem in inner heartwood, middle heartwood and outer heartwood and was due to soft rot infection. The 
mean basic density in Acacia mangium has increase constantly from inner heartwood at 4.42 em from pith (0.463 
g em-3

) to middle heartwood at 6.62 em from pith (0.531 g cm-3
) and outer heartwood at 8.68 em from pith 

(0.600 g cm-3
). However the mean basic density has decreased in sapwood at 10.64 em from pith (0.548 g cm-3

). 

This pattern of basic density was consistent for both 25% and 75% height of the tree stem. The mean basic 
density of bottom tree is higher (0.577 g cm-3

) than the upper height (0.493 g cm-3
). There was little variation for 

fibre length in axial and radial variation with overall mean fibre length (1.05 mm) at 25% height and 1.06 mm at 
75% height. There is significant correlation between percentage mass losses and percentage basic density loss 
due to white rot. There is no relationship between fibre length and basic density, also no relationship between 
basic density and mas loss due to each fungus. There is also no correlation between basic density and mass loss 
due to each fungus in Acacia mangium. 

Key words: axial variation, radial variation, basic density, fibre length, Acacia mangium wood 

ABSTRAK 

Kedua- dua teras kayu dalam dan sap kayu Acacia mangium diambil daripada 25% ketinggian (kira-kira 147.5 
em tinggi) dan 75% ketinggian (kira-kira 442.5 cm tinggi) telah dijangkitkan dengan kulat pereputan putih, 
(Pycnoporus coccineus) dan kulat pereputan lembut (Chaetomium globosum). Teras kayu dalam menunjukkan 
peratus kehilangan j isim yang rendah berbanding sap kayu. Sap kayu kurang resistant dengan peratus purata 
kehilangan jisim (8_5%) disebabkan fungi pereputan putih dan fungi pereputan lembut. Peratus purata 
kehi/angan jisim tertinggi (17.0%) berlaku pada 75% ketinggian pokok pada sap kayu dan disebabkan oleh 
kulal pereputan putih. Purata peratus kehilangan jisim terendah berlaku pada 25% dan 75% ketinggian pokok 
patio teras kayu dalam, teras tengah dan teras luar disebabkan oleh kulat pereputan lembut iaitu masing
masing (0.8%). Purata ketumpatan asas kayu Acacia mangium menaik dan teras kayu paling dalam pada 4.43 
em dDri empulur (0.463 g cm-') ke teras kayu tengah pada 6.62 cm dari empulur (0.531 g cm-3

) dan kayu teras 
Juor pada 8.68 cm dari empulur (0.600 g cm-3

). Walaubagaimanapun, purata ketumpatan asas menurun pada 
bahogian sap kayu 10.64 cm dari empulur (0.548 g cm-} Corak ketumpatan asas ini adalah seragam bagi 
kedua-dua ketinggian pokok. Purata ketumpatan asas pada bahagian bawah pokok adalah tinggi (0.577 g cm-3) 
dDripada bahagian atas pokok (0.493 g cm-3

). Terdapat sedikit variasi untuk panjang fiber pada variasi 
btinggian dan radial dengan keseluruhan purata panjang fiber (1.05 mm) pada 25% tinggi pokok dan (1.06 mm) 
pada 75% tinggi pokok. Terdapat korelasi di an/ara peratus kehilangan jisim dan kehilangan ketumpatan asas 
sel,pas dijangkitkan dengan kulat pereputan putih.. Tidak terdapat sebarang hubungan di antara panjangfiber 
dan ketumpatan asas dan juga tiada hubungan antara panjang jiber dan kehilangan jisim disebabkan setiap 
far;' Begilu juga, tiada kore/asi di antara ketumpatan asas dan kehilangan jisim yang disebabkan oleh setiap 

pada pokok Acacia mangium .. 

KDID ,. variasi ketinggian, variasi radial, ketumpatan asas, panjangjiber dan kayu Acacia mangium 

IX 
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CHAPTER ONE 


INTRODUCTION 


1.1.1 General 

Wood IS umque and preferable to synthetic man-made material. It has multi 

characteristic properties; wood is cellular in structure, anisotropic, hygroscopic, 

biodegradable, combustible, remarkably inert to the action of most chemicals, durable and of 

fibrous structure (Panshin and de Zeeuw 1980). 

Woods are renewable sources, which it is well known as an important regenerating material 

and also to satisfy the basic need of a growing population worldwide. Generally wood is 

nowadays used for timber construction other than for fuel wood, following primary 

conversion, for construction such as building houses, bridges and ships and also for forest 

crops (Soerianegara and Lemmens 1994). 

A tree can be defined as a woody plant that grows to about 4 to 6m or more in height. There 

are two categories of wood hardwoods and softwoods. A coniferous tree is generally called as 

softwoods while broadleaves are hardwoods. Wood properties have wide variations because 

of the physiology of the trees and the external factors, which affect its growth. Therefore we 

may find the variation in wood characteristics either in different parts within the same tree 

species or between tree species (Haygreen and Bowyer 1996). It is important to understand 

anatomical, physical and chemical properties of wood in order to appreciate such 

in the wood. Knowledge based on these properties is useful in a way to select the 
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right tree species m relation to produce the desired wood products, especially m tree 

plantation. 

1.I.l Wood properties within Acacia mangium 

Acacia mangium Willd. is one of the fast growing plantation tree species in Malaysia 

belonging to Family Leguminosae. It is indigenous to Northeastern Australia, Papua New 

Guinea and Eastern Indonesia (Moluccas and Irian Jaya). In Malaysia, common names are 

mangium and kayu SAFODA. It is categorised as a light hardwood. The main altitudinal 

range is from just above the sea level that is about 100 to 780 m. The distribution of this 

species is strongly influenced by rainfall patterns and soil drainage. Acacia mangium always 

occurs behind mangroves, in seasonal swamps, along streams, and well-drained flats, low 

rnges, and mountain foothills. Adult tree of Acacia mangium generally grows to a height of 

25 to 35 m and diameter breast height can be over 60 cm (Awang and Taylor 1993). 

Acacia mangium has now become a major plantation species in humid tropical lowlands of 

Asia for production of pulpwood. The success of the plantation is due to its superior growth 

rates, tolerance of acidic and low nutrient soils (Chuan and Tangau 1991; Ali et al. 1997). 

Since 1997, Borneo Tree Seeds and Seedlings Supplies Sdn. Bhd. has planted Acacia 

mangium and 30 other selected tree species ofdifferent origins in about 2,000 acres ofland in 

Similajau Bintulu, Sarawak where they also conduct tree improvement and genetic research 

about Acacia mangium and other tree species due to the large demand for planting materials 

the forest plantation in Sarawak. 
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Sawlog and pulpwood can be obtained from Acacia mangium from their rotation cycles; 12

15 years for sawlog and 5-7 years for pulpwood. These raw materials are suitable for the 

manufacture of furniture and cabinets, door frames, window parts, sliced veneer and paper 

(Chuan and Tangau 1991). 

Different species of wood may vary in appearance, physical and chemical properties. In terms 

ofphysical properties within tree stem, we may find there are variations in basic density and 

fibre length in radial and axial positions. It is shown that in other timber species wood quality 

varies within a tree stem for example, hardwood timber species such as Tectona grandis L., 

the trends in basic density decreases for the lower part of the stem and then show trends of 

increase in the top. Meanwhile for the radial positions, among the hardwoods species there is 

an almost even division between reported increases and decreases in basic density from pith 

to bark. Such variation also happens to fibre length, which occurs in the axial positions within 

tree stem of Eucalyptus regnan. It has been shown that the fibre lengths at the base of the 

trees are between 1.00 and 1.10 mm; at 50-foot height in the tree stem the fibre lengths have 

increased to a maximum of 1.35 mm and the fibre lengths decrease rapidly until they are less 

than 0.80 mm at the top of the tree. Meanwhile for hardwoods species, there are almost no 

ariation in fibre length within radial position (Panshin and de Zeeuw 1980). It is therefore 

desirable to determine such variations of physical properties in Acacia mangium wood. 
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To determine the axial and radial variation ofdecay resistance to soft-rot and white rot 


fungi, basic density and fibre length in Acacia mangium wood. 


To determine the correlation of wood density, mass loss, basic density loss and fibre 


length within a tree stem ofAcacia mangium. 
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Bowyer 1996). 

CHAPTER TWO 


LITERATURE REVIEW 


2.1.1 Variation in wood density within a tree species 

Basic density is defined as mass of wood after oven dried at 105°C per unit volume of wood. 

It is also defined as the amount of cell wall material relative to the size of the cell wall 

cavities. Specific gravity is the other mass-volume relationship of wood, which is related to 

basic density. However it is commonly used in North America wood science studies. 

According to Wong et at. (1983; 1984) reported that basic density of wood could be 

determined by water displacement method. This method is used to obtain the volume ofwood 

sample that is irregular in shape such as a tree cross section or wood chip (Haygreen and 

Basic density in wood is depends on the size of the cells, thickness of the cell walls, and the 

interrelationship between the number of cells of various kinds in terms of size of cells and the 

thickness ofthe oell walls. Higher basic density may also be influenced by the thick-walled of 

the fibres with small cell lumina and the total air space is relatively small. On the other hand, 

basic density in the wood may have thin-walled or wide lumina, or both. Low basic 

density is also caused by high vessel volume in the wood. In addition, amount of extractives 

also may influence the total material in the wood, where the extractives in the cell wall and in 

cell lumen may al 0 increase the weight of the wood (Panshin and de Zeeuw 1980). 
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There are some factors, which win give a different density variation within any species. The 

factors are include the location in a tree, location within a range of the species, site condition 

(soi~ water and slopes) and genetic source (Haygreen and Bowyer 1996). According to Ali et 

al. (1997) reported that the basic density in two different species ofAcacia which are Acacia 

mangium and Acacia auriculiformis grown in the same place, in Zanzibar at the same age (6 

years old) had given different values ofdensity that is 570 kgm-3 and 617 kgm-3
, respectively. 

According to Bodig and Jayne (1993) there are four general patterns of density variation 

within the tree stem associated with the radial direction, which is identified in four types of 

species groups. The density ofwood may vary from pith to bark within the tree in one of these 

four general patterns: (1) the density ofwood may increases from pith to bark; or (2) the wood 

density may high at the pith and decreases outward for the first few years, and fmally 

increases to a maximum at the bark; (2) wood density increases near the pith, then remains 

quite constant, (3) sometimes even decrease in the last-formed increments next to the bark and 

(4) density ofwood may decrease from pith to bark. 

On the other hand there are three variations of basic density with height (axial) within the tree 

in bardwoods which may follows one of three general patterns; (1) wood density may 

decrease from base to top of stem; (2) it may decrease in the lower part of the stem and 

UlCRISe in the upper stem or (3) the density of wood may increase in the stem from base to 

top (panshin and de Zeeuw 1980). According to Perstorper et ai. , (1995), in several woods, 

the basic density is greater at bottom part of tree height , compared to the upper locations. 

density is important, especially to fmd out the wood strength, durability and its 

'pollOlllty,. These assessments may help defme the quality of the wood. 
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2.1.2 Variation in fibre length within a tree species 

Libriform fibres and fibre tracheids are cell types in hardwood species. In hardwoods, fibres 

contribute 30 to 70% of wood volume and it is providing mechanical support and strength 

(llvessalo 1995). However, fibres tracheid can be found both in hardwoods and softwoods 

species. In commercially important timber species, fibres in hardwoods and the latewood 

tracheids in softwoods are the main strengthening tissues. The length and the thickness of 

their cell walls imparts tensile strength to wood, and that lignin as a chemical component in 

wood cell wall has contributes to compressive strength and certainly contributes to stiffuess 

(Eaton and Hale 1993). 

Fibres are an important component in making paper. The characteristics of paper are strength, 

density, porosity and surface quality. Pulp characteristics are depending on the properties of 

the individual fibres include fibre density, fibre length and fibre strength (Panshin and de 

Zeeuw 1980). Fibre length has to be important for paper strength properties such as tensile, 

bursting, tearing and fo lding (Herman et al. 1998). 

2. Variation in fungal decay resistance within a tree species 

Fungi is one of the biotic agents that causing destruction in wood. Decay is the major type of 

damage to wood and it is a result of wood digestion by fungi. Fungi have an ability to break 

carbohydrate and lignin in wood into simple sugarlike compounds using the secretion of 

_YIDl~through its hyphae (mycelium). Thus simple sugarlike compound will be mobilized 

: lIIIIlt..1D by fungi as their energy (Haygreen and Bowyer 1996). 
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There are various groups of fungi including white rot (basidiomycetes), brown rot 

(basidiomycetes), soft rot (ascomycetes and Fungi Imperfecti), fungi causing heartrot, 

sapstain and mould fungi (Hong and Wong 1993). The stated fungi above could attack wood 

in different ways, such as soft rot, Chaetomium globosum selectively attack the S2 portion of 

the cell wall with gradually degrade wood from the surface inward while the white rot, such 

as Pycnoporus coccineus have the ability to degrade both the lignin and cellulosic component 

from the cell lumen by decomposing successive layers of the cell wall (Haygreen and Bowyer 

1996). 

Decaydevelopment may easily occur in wood under some conditions such as the presence of 

t\mgal reproductive parts, low natural durability wood, inadequate temperatures, enough 

supply oxygen or air, sufficient amount of nutrients and water moisture (Hong and Wong 

1993). Decay rates are influenced by some factors including the moisture content, nutrient 

ailability, and accompanying fungal decay capability (Anagnost and Smith 1997). 

Low natural durability ofwood was referred to as low resistance of wood to fungal attacked. 

The resistant to decay in wood were influenced by the presence of extractives compound 

inShin and de Zeeuw 1980). Wong et at. (1983) reported that decay resistance was 

cantly correlated with basic density and was also strongly correlated with level of 

_rlK:tiV'es in Eucalyptus delegatensis. It was also reported that the basic density (unextracted 

IUd extracted) and content of methanol soluble extractives increased significantly from inner 

uta' heartwood. The weight losses were also significantly greater in inner than in middle 

or outer heartwood caused by three types 0 f fungi. 
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atural durability in different heights within a tree stem was varied and inconclusive. Studies 

on the durability of western redcedar have shown that durability decreases with increasing 

distance from base of the tree. Meanwhile studies on white oak showed that the durability in 

heartwood of the upper part tree stem is higher than in the lower part (Panshin and de Zeeuw 

1980). 

In other timber species such as rubberwood (Hevea brasiliensis), which has no distinction 

between sapwood and heartwood, appeared to have low decay resistance due to the high 

content of food reserves in parenchyma cells and a lack of extractives compound (Hong and 

Un 1999). Besides the extractives compound, other factors such as anatomical (the shape and 

dimension ofcells and the abundance and stucture of pits) and chemical nature (the structural 

materials cellulose, hemicellulose and lignin) may have influenced the rates of decay in wood 

ODS and Wilkes 1988). 
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CHAPTER THREE 


MATERIALS AND METHODS 


.0 Materials 

1.1 Wood 

ood material was obtained from Sarawak Forestry Corporation's (SFC) Wood Timber 

Processing Complex. The wood was part of the collection meant for other uses by SFC, and 

ODe residual log was generously donated to my supervisor (Dr Wong) for the study. Data of 

ood is shown below; 

urce ofthe Acacia mangium wood: Sampadi Forest Reserve, Lundu. 

Uection date: 21 May 2002 

m (A) of log diameter is 25.5cm 
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The locations of each axial and radial position are shown below: 

Axial position Radial position Distance from pith 
(cm) 

% Distance from 
pith 

Inner Heartwood 4.27 33.62% 

25% height Middle Heartwood 6.55 51.57% 
(147.5 cm) 

Outer Heartwood 8.67 68.27% 

I 

Sapwood 10.7 84.25% 

I Inner Heartwood 4.57 I 41.55% 

75% height Middle Heartwood 6.68 60.73% , 

(442.5 em) 
Outer Heartwood 8.68 78.90% 

I Sapwood 10.58 96.18% 

Each wood block is labeled as shown below; 

Labelin nameWood material 

A 

D 

U Fungi used for decay test 

Jl\ingi were obtained from Professor Madya Dr. Sepiah Muid- (Pc) and Professor Madya 

ADdrew Wong Han Hoy- (Cg). These fungi were isolated from degraded wood. 

white rot Pc 

soft rot 
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12.0 Methods 

.2.1 Preparation of Wood Blocks 

Three discs at 25% and 75% heights of Acacia mangium were obtained. Each disc, 4 cm 

thick, were marked on the surfaces prior to conversion into 20 x lOx 20 mm wood blocks size 

1Bing the band saw. Discs were further converted into wood blocks by sanding it down to the 

required block size. Half of the numbers of wood blocks were used for the measurement of 

the fibre length and the balance used for the decay test. 

.2.2 Determine Soil Water Holding Capacity for decay test. 

Soil block test method was adapted from Leutritz in 1946, which is a modification ofthe agar 

block method (Rayner and Boddy 1988). The garden soil obtained from a nursery was used 

r decay test, and filled in the buchner funnel prior to setting up the contents suspended on 

beaker of water. The water will absorb into the soil to wet it and leave overnight to soak 

soil with absorbed water. Vacuum was applied to the soil for 15 minutes before determine 

moisture content of the soil. Then, addition of water is required to form 130% Water 

lding Capacity (WHC), using this formula: 

Amount ofwater to add 


=(130xWHC-B)xD 


100+B 
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WHC= Water Holding Capacity 

B= MC air dry soil 

Dc Mean of200m1air dry soil 

The amount ofwater to add for the soil block test is about 50 mI. 

( ee appendix for mean moisture content of soil Water Holding Capacity, moisture content of 

air.my soil and weight of 200m I air-dry soil) 

.13 Preparation of materials before inoculation of fungi. 

000 samples were steam-sterilized in autoclave ALP Model AG-23 for one hour at 100°C 

aad repeated steaming them after 24 hours. 200ml soil filled each container and 50 ml of 

distilled water added. Filter paper were soaked in 1% malt extract and put on the soil surface. 

actual size of netIon mesh were cut down and placed on the top of filter paper. Thus 

CIOIllIiIleI'S were then autoclaved for 20 minutes. 

Inoculation of fungi 

1I!!!!Il1WI1IIL." 11lS of fungi were done in the laminar flow hood at mycology laboratory. 70% of 

were applied on outside surface of the container before and after the inoculation were 

Thus containers were then placed at the modified incubator for one week before 

"~lCIlltg the wood blocks. The entire containers were placed inside a large polyethylene 

wred with corrugated cardboard box sited on a bench at room temperatures 28° ±2°C. 

~GIfICIIV test was run for 8 weeks. 
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