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Appendixes

Appendix A2: Chapter 2 Literature review

Table A2.1: Durability and permeability ratings for some structural hardwoods (Anon, 1991)

Timber species Country of origin Durability Permeability *
Balau (Shorea sp.) S E Asia D Extremely resistant
Red Balau (Shorea sp.) S E Asia MD Extremely resistant
Basralocus (Dicorynia guianensis) gf;gi? S F D Extremely resistant
Beech-European (Fagus sylvatica) Europe P Permeable
Belian (Eusideroxylon zwageri) S E Asia VD Resistant
l?mtangor wealyployibmt nurtisd, £ S E Asia MD Moderately resistant
inophyllum, C. retusum)
M utilis (Madhuca utilis, Palaquium SE Asia VD Moderately resistant
ridleyi)
Dahoma (Piptadeniastrum afrcanum) W, C & E Africa D Very resistant
Danta (Nesogordonia papaverifera) W Africa MD Resistant
Ekki (Lophira alata) W Africa VD Extremely resistant
Elm (Ulmus procera, U.hollandica) Europe ND Resistant
Greenheart (Ocotea rodiaer) Guyana VD Extremely resistant
Idigbo (Terminalia ivorensis) W Africa D/MD Extremely resistant
Iroko (Milicia excels, Chlorophora W Africa VD/D Extremely resistant
excelsa)
Jarrah Eucalyptus marginata) Australia VD Extremely resistant
Kapur (Dryobalanops sp.) SE Asia VD/D Extremely resistant
Karri (Eucalyptus diversicolor) Australia D Extremely resistant
Kempas (Koompassia malaccensis) S E Asia D Resistant
D. grandiflorus (Dipterocarpus sp.) S E Asia MD Resistant
Makoré (Tieghemella heckelii) W Africa VD Extremely resistant
Mengkulang (Heritiera sp.) S E Asia ND Resistant
Dark red meranti- (also includes dark red ; Vb Resistant/Extremely
;w0 S E Asia generally :
S. curtisii & dark red lauan) (Shorea sp.) ND/D resistant
Merbau (Infsia sp.) S E Asia D Extremely resistant
. . Very/Extremely
Missanda (Erythrophleum sp.) W Africa VD rasistant
Mora (Mora excels) C America VD Very/Extremely
resistant
Nargusta (Terminalia amazonia) C America VD Very resistant
Niangon (Heritiera utilis) W Africa MD Extremely resistant
gilif)uropean (Qeercns peiraen, O Europe D Extremely resistant
Okan (Cylicodiscus gabunensis) W Africa VD Extremely resistant
Opepe (Nauclea diderrichii) W Africa VD Moderately resistant
Padauk, African (Pterocarpus soyauxii) W Africa VD Motdenate y
’ resistant/Resistant
Purpleheart (Peltogyne sp.) S America D/MD Extremely resistant
Sepetir (Sindora sp.) S E Asia D Extremely resistant
Teak (Tectona grandis) SE Asia VD Extremely resistant

VD- Very durable, D-Durable, MD- Moderately Durable, P-Perishable, ND- Non Durable
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Table A2.2 Mean percent mass loss of some Malaysian timbers species due to termite attack against

Coptotermes curvignathus (Cc) and C. gestroi (Cg) for 30 days (Ngee et al, 2004)

Species Scientific name Cc Cg
Balau Shorea sp. 1.18 0.44
Angsana Pterocarpus indicus 2.79 0.74
C. scortechinii Cinnamomum sp. 5.82 1:37
Teak Tectona grandis 5.26 2.67
Merbau Intsia palembanica 5.63 3.38
White meranti Shorea sp. 1.69 3.83
Membatu Parinari sp. 8.15 4.42
Melunak Pentace sp. 1.52 7.91
Perah Elanteriospermum tapos 14.63 8.20
Jelutong Dyera costulata 72.99 21.23
Red meranti Shorea sp. 36.89 25.72
Terentang Campnosperma auriculata 80.49 46.02
Nyatoh Ganua sp. 20.69 15.75
H. brasiliensis Hevea brasiliensis 30.20 45.08
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Table A2.3 Mean percent mass loss of some Malaysian wood species due to decay against Coriolus
versicolor (CV), Tyromyces palustris (TP), Pycnoporus coccineus (PC) and Ganoderma lucidum

(GL) for 12 weeks (Yamamoto and Hong, 1994)

Species Scientific name cv PC PC GL
Balau Shorea sp. 0.5 3.2 1.2 0.7
N. heimii Neobalanocarpus heimii 0.4 0 1.3 0
Giam Hopea sp. 1.3 1.3 1.9 0.8
D. kunstleri Dialum sp. 2.4 2.9 33 3.1
Merbau Intsia palembanica 34 0.2 3.5 1.3
C. lanceolatum Vatica sp. 1.3 7.6 1.6 1.4
Kapur Dryobalanops aromatica 5.9 4.4 1.9 1.7
Kempas Koompassia malaccensis 11.9 19.5 4.6 6.7
D. grandiflorus Dipterocarpus sp. 10.5 45.1 53 5.1
Mata ulat Kokoona sp. 25.5 39.0 114 7.2
Punah Tetramerista glabra 26.1 46.0 15.3 12.0
Rengas Anacardiaceae sp. 34 2.8 35 33
Bintangor Calophyllum sp. 31.0 27.8 16.3 3.1
Durian Durio sp. 22.8 47.7 6.2 1.1
Jelutong Dyera costulata 30.5 54.3 30.3 20.5
Meranti bakau Shorea rugosa 16.7 37.2 9.5 T:d
Dark red meranti ~ Shorea sp. 19.5 37.1 3.5 9.2
White meranti Shorea sp. 42.2 46.9 9.4 1.9
Yellow meranti Shorea sp. 27.5 44.7 25.7 17.9
Merawan Hopea sp. 3.1 3.7 0.5 1.0
Mersawa Anisoptera sp. 16.8 44.0 15.0 16.3
Perupok Lophopetalum sp. 53.7 48.7 251 35.7
Ramin Gonystylus sp. 37.3 57.4 33.2 324
H. brasiliensis Hevea brasiliensis 42.5 58.6 494 54.3
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Table A2.4 Subclassification within the terpenoids (Harborne, 1999)

Terpenoid class

Description

Monoterpenoids
Iridoids
Sesquiterpenoids
Sesquiterpene lactones
Ditrpenoids
Triterpenoid saponins
Steroid saponins
Cardenolides and bufadienolides
Phytosterols
Cucurbitacins
Nortriterpenoids

Other triterpenoids
Carotenoids

Volatile, essential oil constituents

Bitter tasting lactones, usually in glycosidic form
Higher boiling essential oil constituents
Characteristic of the family Compositae

Resin acids and gibberellins

Haemolytic glycosides

Haemolytic glycosides

Heart poisons and toxins

Membrane constituents

Bitter principles, especially of the Cucurbitaceae
Limonoids and quassinoids

Lupanes, hapanes, ursanes, etc.

Yellow to red pigments

Table A2.5 Classification of phenolic constituents (Harborne, 1999)

Subclass Description

Anthocyanins Red to blue flower pigments

Anthochlors Yellow flower pigments: chalcones and aurones
Benzofurans Occur in higher plants and in lichens
Chromones A small group of therapeutic importance
Coumarins Over 700 structure, widespread in plants

Minor flavonoids
Flavones and flavonols
Isoflavonoids

Lignans

Phenols and phenolic acids
Phenolic ketones
Penylpropanoids
Quinonoids
Stilbenoids

Tannins

Xanthones

Flavonones and dihydroflavonols

Many structures, especially in glycosidic combination
Characteristic of the Leguminosae, in the free state
Commonly present in wood and bark

Some acids are universal in plants

Notable occurances in hops and in ferns

Many structures, widespread

Benzoquinones, naphthoquinones and anthraquinones
Includes also dihydrophenanthrenes

Condensed and hydrolysable

Mainly in Gentianaceae and Guttiferae
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Table A2.6 Effect of extracts from different parts of plants/trees against termites (Verma et al, 2009)

Species Part Active component Termite species Activity/
Effect
Adina racemosa Miq. Bark Benzoic acid - Toxic
Phellodendron - - Reticulitermes Antifeedant
amurense speratus Kolbe
Pinus resinosa, P. Bark - - Toxic
strobes, Carya ovata
Mill., Quercus rubra
and Acer rubrum
Neem oil, Azadirachta - - R. speratus Kolbe  Antifeedant
indica, A. Juss.
Aframomum meleguata Seed Gingerol [S-hydroxy-L-(4- R. speratus Kolbe Antifeedant
hydroxy-3-
methoxyphenyl)decan-3-
one] and shogaol [1-(4-
hydroxy-3-
methoxyphenyl)dec-5-en-
3-one]
Detarium Leaves Clerodane diterpenes, R. speratus Kolbe  Antifeedant
microcarpum 3,13E-clerodien-15-ioc
acid, 4(18),13E-clerodien-
15-ioc acid, 18-0x0-3,
13 E-clerodien-15-ioc acid
Xylopia aethiopica Fruitsand  Diterpenes and amides R. speratus Kolbe  Antifeedant
seeds
Azadiratcha excelsa Seed - Microtermes sp., -
and Piper guineense Macrotermes
Schum and Thonn bellicosus
Smeathman and
M. subhyalinus
Rambur
Azadiratcha excelsa Leaves, - Coptotermes Antifeedant
bark curvignathus and
extractives inhibitory
and timber
Moneses uniflora Aerial Naphthoquinones, 2,7- C. formosanus Toxic
parts dimethyl-1, 4- Shiraki
naphthoquinone and 3-
hydroxy-2,7-dimethyl-1,4-
naphthoquinone
Tarbush (Flourensia Leaves Monoterpenes and Reticulitermes sp.  Toxic
cernua) sesquiterpenes
Calotropis procera Leaves - Odontotermes
obesus
C. gigantean Leaves - -
Musa paradisiacal Leaves - -
Diospyros sylvatica Root 2-methyl-anthraquinone, O. obesus
plumbagin, diosindigo,
isodiospyrin and
microphyllone (quinones)
Picea glehnii (Sieb. Et Bark Stilbine glucosides and R. speratus Kolbe
Zucc) isorhapontin (3’-methoxy-
3,4’°,5-trihydroxystilbene-
3-B-p-glucoside)
Lantana camara var. Leaves Triterpenoid, 22 - O. obesus Toxic

aculeate

acetoxylantic acid
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Table A2.6 (continued)
Species Part Active component Termite species Activity/
Effect
Withania somnifera, Seed and - Microtermes Toxic
Croton tiglium and leaf obesi
Hygrophila auriculata
Echinops ritro L., E. - Thiophenes, 2,2’:5°-(3- C. formosanus Toxic
spinossissimus Turra buten-1-ynyl)-2,2’- Shiraki
subsp. Spinosissimus, bithiophene
E. albicaulis Kar., Kir.
and E. transiliensis
Golosh
Piper nigrum Seed Guineensine C. formosanus Toxic
Shiraki
Sophora flavescens - Alkaloids, matrine and C. formosanus Antifeedant
Aiton oxymatrine Shiraki and acute
residual
toxicity
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Table A2.7 Some of termiticides and fungicides compounds and their resources

Compounds Functions Source

Cedrol Fungicides Chang (2003)

Stilbenes Fungicides Hart and Shrimpton (1979)

a~cadinol and a-cedrol, hinokiol and sugiol Fungicides Chang et al (1999a)

Ferruginol Fungicides Rudman (1965a)

a-cadinol and cedrol Fungicides Chang (2003)

Cadinane skeletal sesquiterpenoids Fungicides Kondo and Imamura (1986)

t-muurolol, t-cadinol, azulene, Fungicides Gao et al (2008)

hexadecadienoic acid

Napthoquinone Fungicides Thulasidas and Bhat (2007)

Chamaecynone and isochamaecynone Termiticides  Saeki (1973)

Nootkatone Termiticides  Zhu et a/ (2001a), Maistrello et al
(2001a)

Cedrol and alpha-cadinol Termiticides  Chang et a/ (2001a)

7-methyljunglone, isodiospyrin Termiticides  Carter ef a/ (1978)

Terpene Termiticides  Sharma et al (1994)

Aphtthalene Termiticides Henderson and Jian (1998)

2-phenoxyethanol Termiticides Laine et al (1998)

a-terpineol and three sesquiterpene alcohols Termiticides McDaniel et a/ (1989), Chang et al

T-cadinol, torreyol (8-cadinol), and a-cadinol (2000), Liu (2004)

Sesquiterpenoids, T-cadinol and T-muurolol Termiticides Chang ef al (2000)

B - thujaplicin and y-thujaplicin Termiticides  Soung et a/ (2000), Yen et al (2007)

terpenoids Termiticides Fang et a/ (1985)

Stilbenols and hydroxylated stilbenes Termiticides  Kindl (1985)

Ferruginol, helioxanthin, savinin, taiwanin and Termiticides Chang et al (1999b)

hinokiol

Loganin, scopoletin and nimbolin A Termiticides Yaga (1977), Yaga and Kinjo (1985;
1986)

Cedrol and isoeugenol Termiticides Yaga (1980)

Saponins and terpenoids Termiticides Watanabe et al (1966),
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Appendix A3. Chapter 3 Moisture content and wood density variation

The average moisture content of twelve Malaysian wood species based on air-dry
samples is presented in Figure A3.1 below. The details of the result are presented in Table
A3.3.

Moisture content from air-dry samples of twelve selected Malaysian wood species
were extremely high in all of the species tested where all of the woods contain more than
12% of moisture content. Its also vary considerably between the species even though the
variations is not in bigger range. The highest moisture content was observed in C.
scortechinii (19.01% at basal and top 28.97%) and H. brasiliensis (25.30% at middle).
The lowest was in F. fragrans (14.00% at basal), D. grandiflorus (19.28%) and C.
lanceolatum (21.85%). The wood species that had high moisture content at the basal are
not necessary had higher moisture content at middle and top portion. Conversely, the
species that had lower moisture content at basal, also not necessary had lower moisture
content at the middle and top portion. However, all of the wood species showed that
moisture content increased from the basal to top portion.

Analysis of variance (ANOVA) (Table A3.1) showed that within the species, all
the wood species showed highly significantly variation at P<0.001with the variation
ranging from 72.3% to 89.7%. The highest variation of the samples for moisture content
determination was found in N. heimii (* = 89.7). H. brasiliensis showed the lowest
variation among its samples (* = 72.3). The ANOVA table is presented in the Table
A3.4.

Analysis of variance was conducted to show the difference in moisture content
among the species tested (Table A3.2). A pairwise comparison showed that there was no
single wood species that are totally different with others in moisture content either in basal
or middle portion of the tree. However, at top portion, only a comparison of C.
lanceolatum with other wood species showed significantly differences to the other wood
species at P<0.05. The other species were not significantly different. The ANOVA table
is presented in Appendix Tables A3.5 to A3.7.
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Figure A3.1 Moisture content at different height of twelve Malaysian wood species

Table A3.1 ANOVA results showing the proportion of total variation in moisture content accounted for
samples within wood species

2

Species r
N. heimii 64.6%**
C. lanceolatum T1.TH**
M. utilis 86.0***
P. pinnata 89, 7x*H
D. grandiflorus 80.9%**
D. kunstleri 79.0%**
K. ivorensis 79,1 kxk
F. fragrans 73. 1%
S. curtisii 69 7r*
A. angustifolia 77 4%**
C. scortechinii W
H. brasiliensis T2 3%A*

* P<0.05, **P<0.01, *** P<0.001, ns — not significant.
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Table A3.2 ANOVA results showing the proportion of total variation in moisture content accounted for
samples between species for each portion

Wood species Basal Middle Top

A. angustifolia 17.61% 23.16° 25.03°
C. lanceolatum 14.66° 19.53f 21.85°
C. scortechinii 19.01° 25.29% 28.97°
D. grandiflorus 16.76% 19.28f 23.21°
D. kunstleri 18.06® 21.79° 23.89°
F. fragrans 14.00° 20.53% 24.22°
H. brasiliensis 17.89° 25.30° 27.94°
K. ivorensis 17.64° 21.89° 24 37°
M. utilis 15.91¢ 21.00¢ 24.32°
N. heimii 15.81% 21.69% 23.20°
P. pinnata 14.66° 20.11% 24.56
S. curtisii 16.84° 22.40 24.71°

Mean (+ SD) of 5 replicates for each species. Means within each column followed by the same letter is not
significantly different at the 5% level of ANOVA test.
3.4.1 Variation of moisture content between species

Results of moisture content from this study showed that the differences of
moisture content between wood species are so pronounced. Table A3.2 showed that the
variation of basal is 5.01%, middle 6.02% and top; 7.12%. The moisture content tends to
have a larger variation with the increasing of height level.

Larger variation of specific gravity and moisture content of the wood is probably
due to genetic variation (Roeder, 1981). The variation also depends on the tree location,
age of the tree, season of harvest and also tree size. In fact, the proportion of cells (cell
wall thickness, fibre lengths, cell diameters, cellulose-lignin ratios or percentage of cell
types) may vary widely between species and genera which contributed to the variation of
moisture content (Panshin et al, 1964; Bowyer et al, 2003).

Early studies by Kollmann and Co6té (1968) and Preston (1974) found that the
variation in cellulose, hemicelluloses and lignin may give some impact to the variations in
moisture content between timber species as well as within trees. On the other hand, Hillis
(1984) found that the variations of these three major components not only occurred
between species but also in the same species/tree. Hill et al (2009) further explained that
these three components together with pectic component and that which related with cell
wall macromolecules are responsible to the atmospheric moisture absorption due to
presence of hydroxyl (OH) groups.

Meanwhile studies by Fengel (1971) and Kerr and Goring (1975; 1977) reported
that the the lamellae of pectic component which are not continuous around the cell wall

showed a moisture content variation either between or within timber species. They also
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found that the amount of water in a stem/trunk varies from the cambium to the pith as well

as along the stem/trunk.

3.4.2 Variation of moisture content for samples within trees

Table A3.3 showed that all of wood species had more than 70% of total variation
within trees samples. Simpson and TenWolde (1999) reported that a variability of
moisture content exists not only between wood species, trees from the same species but
also within the individual board that was obtained from the same tree. Zobel and Van
Buijtenen (1989) added that the moisture content not only varies greatly from juvenile to
mature woods but also with height of the tree. The variations arise from the anatomical
structure and an associated physical property as wood is heterogeneous in structure and
distribution within the cell walls to cell cavity (Panshin et al, 1964; Fengel and Wegener,
1989).

In addition, Bowyer et al (2003) found that, the differences portion between
sapwood and heartwood also contributed to variation in moisture content. When the
formation (changes from sapwood to heartwood) and secondary maturation occured, the
amount of moisture in cell wall decreases due to the deposition of extractives within the
cell wall increases. It tends to replace water molecules that are associated with cellulose
and hemicellulose. The same situation also happened between the basal, middle and upper
portion of the trees. Thus make the density of basal/heartwood is often slightly higher than
of middle/sapwood because of the higher concentrations of these materials. He also add
that the variations of moisture content were also influenced by factors such as growth rate,

site conditions and probably other growth factors as yet not fully investigated.

343 Conclusions
1. Moisture content was found between the ranges of 14.00 % to 28.97%.
2. F. fragrans had the lowest moisture content (14.00%) at basal, D. grandiflorus

(19.28%) at middle and C. lanceolatum (21.85%) at top portions. The highest
was found in C. scortechinii (basal; 19.01% and top; 28.97%) and D.
grandiflorus (middle; 25.30%).
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Table A3.3 Moisture content of twelve Malaysian wood species (%) at different height level

Species Portion Mean moisture content Range
N. heimii Basal 15.81 (1.06)° 13.10-17.93
Middle 21.70 (1.81)* 17.68-26.65
Top 23.20 (0.62)* 18.82-29.14
C. lanceolatum Basal 14.66 (1.39)° 13.19-17.35
Middle 19.53 (1.07)° 16.49-20.68
Top 21.85 (0.85)" 19.69-25.06
M. utilis Basal 15.91 (0.92)° 13.39-17.13
Middle 21.00 (0.58)° 19.09-23.42
Top 24.32 (1.01)* 21.44-29.32
P. pinnata Basal 14.66 (1.24)° 12.36-16.40
Middle 20.11 (0.70)° 18.18-22.27
Top 24.56 (0.91) 21.11-26.85
D. grandiflorus Basal 16.76 (1.16)° 15.65-19.51
Middle 19.28 (0.69)° 17.30-22.01
Top 23.21 (1.18)" 20.48-25.68
D. kunstleri Basal 18.06 (1.28)° 15.62-19.35
Middle 21.79 (0.68)° 20.07-24.67
Top 23.89 (0.60)° 22.83-25.27
K. ivorensis Basal 17.64 (1.02)° 16.31-19.62
Middle 21.89 (0.56)° 20.31-26.24
Top 24.37 (0.37)° 20.56-26.82
F. fragrans Basal 14.00 (0.93)° 13.08-16.51
Middle 20.53 (0.44)" 14.92-24.86
Top 24.22 (1.43) 20.53-31.81
S. curtisii Basal 16.84 (0.72)° 15.18-17.75
Middle 22.40 (1.39)° 19.28-26.35
Top 24.71 (0.86)" 20.57-30.43
A. angustifolia Basal 17.61 (0.96)° 16.07-19.07
Middle 23.16 (0.64)° 21.02-26.05
Top 25.03 (0.79)" 21.58-27.36
C. scortechinii Basal 19.01 (1.35)° 16.86-21.26
Middle 25.29 (1.15)° 20.19-33.12
Top 28.97 (1.01) 26.80-30.50
H. brasiliensis Basal 17.55 (0.77)° 16.34-20.63
Middle 25.30 (0.89)° 21.16-28.78
Top 27.94 (0.78)a 23.17-33.97

Mean (+ SD) of 5 replicates for each species. Means within each column followed by the same letter is not

significantly different at the 5% level of ANOVA test.
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Table A3.4 Analysis of variance (ANOVA) table for sample within species of moisture content of twelve
Malaysian wood species

Species Source DF SS MS F P

N. heimii Replicates 1 408.68 408.68 78.57 0.000
Error 43 223.66 5.20
Total 44 632.33

C. lanceolatum  Replicates 1 387.38 387.38 150.00 0.000
Error 43 111.05 2.58
Total 44 498.42

M. utilis Replicates 1 530.24 530.24 263.96 0.000
Error 43 86.38 2.01
Total 44 616.62

P. pinnata Replicates 1 735.71 735.71 374.52 0.000
Error 43 84.47 1.96
Total 44 820.18

D. kunstleri Replicates 1 255.24 255.24 161.31 0.000
Error 43 68.04 1.58
Total 44 323.28

D. grandiflorus  Replicates 1 312.49 312.49 182.14 0.000
Error 43 73.97 1.72
Total 44 386.26

K. ivorensis Replicates 1 338.93 338.93 162.90 0.000
Error 43 89.47 2.08
Total 44 428.39

F. fragrans Replicates 1 782.51 782.51 116.68 0.000
Error 43 288.37 6.71
Total 44 1070.88

S. curtisii Replicates 1 464.19 464.19 98.93 0.000
Error 43 201.76 4.69
Total 44 665.96

A. angustifolia  Replicates 1 412.44 412.44 147.14 0.000
Error 43 120.53 2.80
Total 44 532.97

C. scortechinii ~ Replicates 1 745.08 745.08 133.61 0.000
Error 43 239.79 5.58
Total 44 984.88

H. brasiliensis ~ Replicates 1 756.51 756.51 112.08 0.000
Error 43 290.25 6.75
Total 44 1046.76
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Table A3.5 Analysis of variance (ANOVA) table for sample between species of moisture content of twelve
Malaysian wood species (basal)

Species Source DF SS MS F P
N. heimii vs C. Species 1 3.314 3314 11.32 0.010
lanceolatum Error 8 2.342 0.293

Total 9 5.656
N. heimii vs M. Species 1 0.023 0.023 0.06 0.811
utilis Error 8 2.961 0.370

Total 9 2.983
N. heimii vs P. Species 1 3.343 3.343 5.66 0.045
pinnata Error 8 4.724 0.591

Total 9 8.067
N. heimii vs D. Species 1 2.218 2.218 4.39 0.069
grandiflorus Error 8 4.041 0.505

Total 9 6.260
N. heimii vs D. Species 1 12.587 12.587 20.96 0.002
kunstleri Error 8 4.804 0.600

Total 9 17.390
N. heimii vs K. Species 1 8.380 8.380 17.90 0.003
ivorensis Error 8 3.745 0.468

Total 9 12.124
N. heimii vs F. Species 1 8.186 8.186 22.01 0.002
fragrans Error 8 2.976 0.372

Total 9 11.162
N. heimii vs S. Species 1 2.648 2.648 11.25 0.010
curtisii Error 8 1.884 0.235

Total 9 4.532
N. heimii vs A. Species 1 8.071 8.071 16.96 0.003
angustifolia Error 8 3.808 0.476

Total 9 11.879
N. heimii vs C. Species 1 25.485 25.485 42.60 0.000
scortechinii Error 8 4.785 0.598

Total 9 30.270
N. heimii vs H. Species 1 10.818 10.818 19.80 0.002
brasiliensis Error 8 4.371 0.546

Total 9 15.190
C. lanceolatum vs Species 1 3.884 3.884 12.24 0.008
M. utilis Error 8 2.539 0.317

Total 9 6.423
C. lanceolatum vs Species 1 0.000 0.000 0.00 0.992
P. pinnata Error 8 4.303 0.538

Total 9 4.303
C. lanceolatum vs Species 1 10.956 10.956 24.21 0.001
D. grandiflorus Error 8 3.620 0.453

Total 9 14.576
C. lanceolatum vs Species 1 28.818 28.818 52.61 0.000
D. kunstleri Error 8 4.382 0.548

Total 9 33.200
C. lanceolatum vs Species 1 22.234 22.234 53.52 0.000
K. ivorensis Error 8 3.324 0.415

Total 9 25.557
C. lanceolatum vs Species 1 1.082 1.082 3.39 0.103
F. fragrans Error 8 2.556 0.319

Total 9 3.638
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Table A3.5 (Continued)

Species Source DF SS MS E P
C. lanceolatum vs Species 1 11.890 11.890 65.02 0.000
S. curtisii Error 8 1.463 0.183
Total 9 13.353
C. lanceolatum vs Species 1 21.730 21.730 51.32 0.000
A.angustifolia Error 8 3.387 0.423
Total 9 25.117
C. lanceolatum vs Species 1 47.180 47.180 86.48 0.000
C. scortechinii Error 8 4.365 0.546
Total 9 51.545
C. lanceolatum vs Species 1 26.108 26.108 52.87 0.000
H. brasiliensis Error 8 3.951 0.494
Total 9 30.059
M. utilis vs P. Species 1 3.915 3.915 6.36 0.036
pinnata Error 8 4.922 0.615
Total 9 8.837
M. utilis vs D. Species 1 1.793 1.793 3.38 0.103
grandiflorus Error 8 4.239 0.530
Total 9 6.033
M. utilis vs D. Species 1 11.543 11.543 18.46 0.003
kunstleri Error 8 5.001 0.625
Total 9 16.545
M. utilis vs K. Species 1 7.533 7.533 15.28 0.004
ivorensis Error 8 3.943 0.493
Total 9 11.477
M. utilis vs F. Species 1 9.068 9.068 22.86 0.001
fragrans Error 8 3.174 0.397
; Total 9 12.242
M. utilis vs S. Species 1 2.182 2.182 8.39 0.020
curtisii Error 8 2.082 0.260
Total 9 4.263
M. utilis vs Species 1 7.240 7.240 14.47 0.005
A.angustifolia Error 8 4.004 0.500
Total 9 11.243
M. utilis vs C. Species 1 23.993 23.993 38.51 0.000
scortechinii Error 8 4.984 0.623
Total 9 28.977
M. utilis vs H. Species 1 9.854 9.854 17.25 0.003
brasiliensis Error 8 4.570 0.571
Total 9 14.425
P. pinnata vs Species 1 11.008 11.008 14.67 0.005
D. grandiflorus Error 8 6.003 0.750
Total 9 17.011
P. pinnata vs D. Species 1 28.903 28.903 34.18 0.000
kunstleri Error 8 6.765 0.846
Total 9 35.669
P. pinnata vs K. Species 1 22.308 22.308 31.28 0.001
ivorensis Error 8 5.706 0.713
Total 9 28.014
P. pinnata vs Species 1 1.066 1.066 1.73 0.225
F. fragrans Error 8 4.937 0.617
Total 9 6.004
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Table A3.5 (Continued)

Species Source DF SS MS F P
P. pinnata vs S. Species 1 11.944 11.944 24.85 0.001
curtisii Error 8 3.845 0.481

Total 9 15.790
P. pinnata vs Species 1 21.803 21.803 30.23 0.001
A.angustifolia Error 8 5.769 0.721

Total 9 27.573
P. pinnata vs C. Species 1 47.289 47.289 56.07 0.000
scortechinii Error 8 6.747 0.843

Total 9 54.036
P. pinnata vs H. Species 1 26.189 26.189 33.08 0.000
brasiliensis Error 8 6.333 0.792

Total 9 32.522
D. grandiflorus vs Species 1 4.237 4.237 5.57 0.046
D. kunstleri Error 8 6.082 0.760

Total 9 10.319
D. grandiflorus vs Species 1 1.975 1.975 3.15 0.114
K. ivorensis Error 8 5.023 0.628

Total 9 6.998
D. grandiflorus vs Species 1 18.926 18.926 35.58 0.000
F. fragrans Error 8 4.255 0.532

Total 9 23.181
D. grandiflorus vs Species 1 0.019 0.019 0.05 0.832
S. curtisii Error 8 3.162 0.395

Total 9 3.182
D. grandiflorus vs Species 1 1.827 1.827 2.87 0.129
A.angustifolia Error 8 5.087 0.636

Total 9 6.913
D. grandiflorus vs Species 1 12.665 12.665 16.71 0.003
C. scortechinii Error 8 6.064 0.758

Total 9 18.729
D. grandiflorus vs Species 1 3.239 3.239 4.59 0.065
H. brasiliensis Error 8 5.650 0.706

Total 9 8.889
D. kunstleri vs Species 1 0.426 0.426 0.59 0.465
K. ivorensis Error 8 5.787 0.723

Total 9 6.213
D. kunstleri vs F. Species 1 41.073 41.073 65.50 0.000
Jfragrans Error 8 5.017 0.627

Total 9 46.090
D. kunstleri vs S. Species 1 3.688 3.688 7.52 0.025
curtisii Error 8 3.925 0.491

Total 9 7.613
D. kunstleri vs . Species 1 0.500 0.500 0.68 0.432
A.angustifolia Error 8 5.847 0.731

Total 9 6.347
D. kunstleri vs C. Species 1 2252 2252 2.644 0.143
scortechinii Error 8 6.827 0.853

Total 9 9.079
D. kunstleri vs H. Species 1 0.067 0.067 0.08 0.780
brasiliensis Error 8 6.413 0.802

Total 9 6.480
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Table A3.5 (Continued)

Species Source DF SS MS F P
K. ivorensis vs F. Species 1 33.128 33.128 66.95 0.000
fragrans Error 8 3.958 0.495

Total 9 37.086
K. ivorensis vs S. Species 1 1.606 1.606 4.48 0.067
curtisii Error 8 2.866 0.358

Total 9 4471
K. ivorensis vs A. Species 1 0.003 0.003 0.00 0.946
angustifolia Error 8 4.790 0.599

Total 9 4.793
K. ivorensis vs C. Species 1 4.638 4.638 6.43 0.035
scortechinii Error 8 5.767 0.721

Total 9 10.405
K. ivorensis vs H. Species 1 0.156 0.156 0.23 0.643
brasiliensis Error 8 5.353 0.669

Total 9 5.509
F. fragrans vs S. Species 1 20.147 20.147 76.84 0.000
curtisii Error 8 2.098 0.262

Total 9 22.245
F. fragrans vs A. Species 1 32.512 32512 64.67 0.000
angustifolia Error 8 4.022 0.503

Total 9 36.533
F. fragrans vs C. Species 1 62.555 62.555 100.10 0.000
scortechinii Error 8 4.999 0.625

Total 9 67.554
F. fragrans vs H. Species 1 37.822 37.822 65.99 0.000
brasiliensis Error 8 4.585 0.573

Total 9 42.408
S. curtisii vs Species 1 1.472 1.472 4.02 0.080
A.angustifolia Error 8 2.929 0.366

Total 9 4.401
S. curtisii vs C. Species 1 11.701 11.701 23.96 0.001
scortechinii Error 8 3.907 0.488

Total 9 15.607
S. curtisii vs H. Species 1 2.760 2.760 6.32 0.036
brasiliensis Error 8 3.493 0.437

Total 9 6.253
A.angustifolia vs C. Species 1 4.872 4.872 6.68 0.032
scortechinii Error 8 5.831 0.729

Total 9 10.703
A.angustifolia vs Species 1 0.201 0.201 0.30 0.601
H. brasiliensis Error 8 5.417 0.677

Total 9 5.618
C. scortechinii vs Species 1 3.095 3.095 3.87 0.085
H. brasiliensis Error 8 6.394 0.799

Total 9 9.489
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Table A3.6 Analysis of variance (ANOVA) table for sample between species of moisture content of twelve
Malaysian wood species (middle)

Species Source DF SS MS E P
N. heimii vs C. Species 1 11.67 11.67 527 0.051
lanceolatum Error 8 17.71 2.21

Total 9 29.38
N. heimii vs M. Species 1 1.19 1.19 0.66 0.441
utilis Error 8 14.46

Total 9 15.56
N. heimii vs P. Species 1 6.29 6.29 3.34 0.105
pinnata Error 8 15.04 1.88

Total 9 21.33
N. heimii vs D. Species 1 14.60 14.60 7.78 0.024
grandiflorus Error 8 15.01 1.88

Total 9 29.61
N. heimii vs D. Species 1 0.02 0.02 0.01 0.916
kunstleri Error 8 14.94 1.87

Total 9 14.96
N. heimii vs K. Species 1 0.10 0.10 0.05 0.882
ivorensis Error 8 14.36 1.79

Total 9 14.46
N. heimii vs F. Species 1 3.37 3.37 1.94 0.201
fragrans Error 8 13.87 173

Total 9 17.23
N. heimii vs S. Species 1 1.26 1.26 0.48 0.507
curtisii Error 8 20.86 2.61

Total 9 22.11
N. heimii vs A. Species 1 5.38 5.38 2.92 0.126
angustifolia Error 8 14.74 1.84

Total 9 20.12
N. heimii vs C. Species 1 32.32 32.32 14.06 0.006
scortechinii Error 8 18.39 2.30

Total 9 50.71
N. heimii vs H. Species 1 32.48 32.48 15.98 0.004
brasiliensis Error 8 16.26 2.03

Total 9 48.73
C. lanceolatum vs Species 1 5.415 5.415 7.28 0.027
M. utilis Error 8 5.954 0.744

Total 9 11.370
C. lanceolatum vs Species 1 0.828 0.828 1.01 0.343
P. pinnata Error 8 6.532 0.816

Total 9 7.360
C. lanceolatum vs Species 1 0.163 0.163 0.20 0.666
D. grandiflorus Error 8 6.501 0.813

Total 9 6.665
C. lanceolatum vs Species 1 12.722 12.722 15.83 0.004
D. kunstleri Error 8 6.427 0.803

Total 9 19.149
C. lanceolatum vs Species 1 13.898 13.898 19.00 0.002
K. ivorensis Error 8 5.852 0.732

Total 9 19.750
C. lanceolatum vs Species 1 2.501 2.501 3.73 0.089
F. fragrans Error 8 5.359 0.670

Total 9 7.860
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Table A3.6 (Continued)

Species Source DF SS MS F P
C. lanceolatum vs Species 1 20.59 20.59 13.34 0.006

S. curtisii Error 8 12.35 1.54

Total 9 32.94
C. lanceolatum vs Species 1 37.706 37.706 85.29 0.000
A.angustifolia Error 8 3.537 0.442

Total 9 41.243
C. lanceolatum vs Species 1 82.84 82.84 67.07 0.000
C. scortechinii Error 8 9.88 1.24

Total 9 92.72
C. lanceolatum vs Species 1 83.095 83.095 85.79 0.000
H. brasiliensis Error 8 7.749 0.969

Total 9 90.844
M. utilis vs P. Species 1 2.009 2.009 4.89 0.058
pinnata Error 8 3.287 0.411

Total 9 5.296
M. utilis vs D. Species 1 7.458 7.458 18.31 0.003
grandiflorus Error 8 3.258 0.407

Total 9 10.715
M. utilis vs D. Species 1 1.536 1.536 3.86 0.085
kunstleri Error 8 3.183 0.398

Total 9 4.719
M. utilis vs K. Species 1 1.962 1.962 6.02 0.040
ivorensis Error 8 2.607 0.326

Total 9 4.570
M. utilis vs F. Species 1 0.556 0.556 2.10 0.185
fragrans Error 8 2.114 0.264

Total 9 2.670
M. utilis vs S. Species 1 4.89 4.89 4.29 0.072
curtisii Error 8 9.10 1.14

Total 9 13.99
M. utilis vs Species 1 11.623 11.623 31.10 0.001
A.angustifolia Error 8 2.990 0.374

Total 9 14.613
M. utilis vs C. Species 1 45.895 45.895 55.31 0.000
scortechinii Error 8 6.638 0.830

Total 9 52.534
M. utilis vs H. Species 1 46.084 46.084 81.84 0.000
brasiliensis Error 8 4.505 0.563

Total 9 50.589
P. pinnata vs Species 1 1.725 1725 3.60 0.094
D. grandiflorus Error 8 3.835 0.479

Total 9 5.560
P. pinnata vs D. Species 1 7.058 7.058 15.02 0.005
kunstleri Error 8 3.760 0.470

Total 9 10.818
P. pinnata vs K. Species 1 7.942 7.942 19.95 0.002
ivorensis Error 8 3.185 0.398

Total 9 11.127
P. pinnata vs Species 1 0.451 0.451 1.34 0.280
F. fragrans Error 8 2.691 0.336

Total 9 3.143
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Table A3.6 (Continued)

Species Source DF SS MS F P
P. pinnata vs S. Species 1 13.16 13.16 10.88 0.011
curtisii Error 8 9.68 1.21

Total 9 22.84
P. pinnata vs Species 1 23.296 23.296 5225 0.000
A.angustifolia Error 8 3.567 0.446

Total 9 26.863
P. pinnata vs C. Species 1 67.108 67.108 74.40 0.000
scortechinii Error 8 7.216 0.902

Total 9 74.324
P. pinnata vs H. Species 1 67.336 67.336 106.00 0.000
brasiliensis Error 8 5.082 0.635

Total 9 72.418
D. grandiflorus Vs Species 1 15.768 15.768 33.82 0.000
D. kunstleri Error 8 3.730 0.466

Total 9 19.498
D. grandiflorus vs Species 1 17.074 17.074 43.31 0.000
K. ivorensis Error 8 3.154 0.394

Total 9 20.229
D. grandiflorus vs Species 1 3.943 3.943 11.85 0.009
F. fragrans Error 8 2.661 0.333

Total 9 6.604
D. grandiflorus vs Species 1 24.42 24.42 20.25 0.002
S. curtisii Error 8 9.65 1.21

Total 9 34.07
D. grandiflorus vs Species 1 37.706 37.706 85.29 0.000
A.angustifolia Error 8 3.537 0.442

Total 9 41.243
D. grandiflorus vs Species 1 90.362 90.362 100.61 0.000
C. scortechinii Error 8 7.185 0.898

Total 9 97.547
D. grandiflorus vs Species 1 90.626 90.626 143.52 0.000
H. brasiliensis Error 8 5.052 0.631

Total 9 95.678
D. kunstleri vs Species 1 0.026 0.026 0.07 0.802
K. ivorensis Error 8 3.080 0.385

Total 9 3.106
D. kunstleri vs F. Species 1 3.941 3.941 12.19 0.008
fragrans Error 8 2.587 0.323

Total 9 6.528
D. kunstleri vs S. Species 1 0.94 0.94 0.79 0.401
curtisii Error 8 9.58 1.20

Total 9 10.52
D. kunstlerivs . Species 1 4.707 4.707 10.88 0.011
A.angustifolia Error 8 3.463 0.433

Total 9 8.170
D. kunstlerivs C. Species 1 30.636 30.636 34.46 0.000
scortechinii Error 8 7.111 0.889

Total 9 37.748
D. kunstleri vs H. Species 1 30.790 30.790 49.49 0.000
brasiliensis Error 8 4.978 0.622

Total 9 35.768
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Table A3.6 (Continued)

Species Source DF SS MS F P
K. ivorensis vs F. Species 1 4.607 4.607 18.32 0.003
fragrans Error 8 2.012 0.251

Total 9 6.619
K. ivorensis vs S. Species 1 0.66 0.66 0.58 0.467
curtisii Error 8 9.00 1.13

Total 9 9.66
K. ivorensis vs A. Species 1 4.034 4.034 11.18 0.010
angustifolia Error 8 2.888 0.361

Total 9 6.921
K. ivorensis vs C. Species 1 28.876 28.876 35.35 0.000
scortechinii Error 8 6.534 0.817

Total 9 35.411
K. ivorensis vs H. Species 1 29.027 29.027 52.75 0.000
brasiliensis Error 8 4.402 0.550

Total 9 33.429
F. fragrans vs S. Species 1 8.74 8.74 8.22 0.021
curtisii Error 8 8.51 1.06

Total 9 17.25
F. fragrans vs A. Species 1 17.262 17.262 57.69 0.000
angustifolia Error 8 2.394 0.299

Total 9 19.656
F. fragrans vs C. Species 1 56.552 56.552 74.89 0.000
scortechinii Error 8 6.041 0.755

Total 9 62.593
F. fragrans vs H. Species 1 56.762 56.762 116.17 0.000
brasiliensis Error 8 3.909 0.489

Total 9 60.671
S. curtisii vs Species 1 1.44 1.44 1.23 0.301
A.angustifolia Error 8 9.38 1.17

Total 9 10.82
S. curtisii vs C. Species 1 20.83 20.83 12.79 0.007
scortechinii Error 8 13.03 1.63

Total 9 33.86
S. curtisii vs H. Species 1 20.96 20.96 15.38 0.004
brasiliensis Error 8 10.90 1.36

Total 9 31.86
A.angustifolia vs C. Species 1 11.325 11.325 13.10 0.007
scortechinii Error 8 6.916 0.865

Total 9 18.242
A.angustifolia vs Species 1 11.419 11.419 19.09 0.002
H. brasiliensis Error 8 4.784 0.598

Total 9 16.204
C. scortechinii vs Species 1 0.00 0.00 0.00 0.989
H. brasiliensis Error 8 8.43 1.05

Total 9 8.43
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Table A3.7 Analysis of variance (ANOVA) table for sample between species of moisture content of twelve
Malaysian wood species (top)

Species Source DF SS MS F P
N. heimii vs C. Species 1 4.530 4.530 8.22 0.021
lanceolatum Error 8 4.412 0.551

Total 9 8.942
N. heimii vs M. Species 1 3.147 3.147 4.51 0.066
utilis Error 8 5.578 0.697

Total 9 8.725
N. heimii vs P. Species 1 4.668 4.668 7.65 0.024
pinnata Error 8 4.879 0.610

Total 9 9.547
N. heimii vs D. Species 1 0.001 0.001 0.00 0.980
grandiflorus Error 8 7.116 0.890

Total 9 1117
N. heimii vs D. Species 1 1.211 1.211 3.24 0.110
kunstleri Error 8 2.989 0.374

Total 9 4.199
N. heimii vs K. Species 1 3.432 3.432 13.18 0.007
ivorensis Error 8 2.083 0.260

Total 9 5.515
N. heimii vs F. Species 1 2.62 2.62 2.16 0.180
fragrans Error 8 9.71 1.21

Total 9 12.33
N. heimii vs S. Species 1 5.736 5.736 10.16 0.013
curtisii Error 8 4.518 0.565

Total 9 10.254
N. heimii vs A. Species 1 8.379 8.379 16.73 0.003
angustifolia Error 8 4.007 0.501

Total 9 12.386
N. heimii vs C. Species 1 83.478 83.478 119.22 0.000
scortechinii Error 8 5.601 0.700

Total 9 89.079
N. heimii vs H. Species 1 56.218 56.218 113.63 0.000
brasiliensis Error 8 3.958 0.495

Total 9 60.176
C. lanceolatum vs Species 1 15.230 15.230 17.61 0.003
M. utilis Error 8 6.919 0.865

Total 9 22.149
C. lanceolatum vs Species 1 18.395 18.395 23.66 0.001
P. pinnata Error 8 6.221 0.778

Total 9 24.616
C. lanceolatum vs Species 1 4.63 4.63 4.38 0.070
D. grandiflorus Error 8 8.46 1.06

Total 9 13.09
C. lanceolatum vs Species 1 10.426 10.426 19.26 0.002
D. kunstleri Error 8 4.331 0.541

Total 9 14.757
C. lanceolatum vs Species 1 15.845 15.845 37.02 0.000
K. ivorensis Error 8 3.424 0.428

Total 9 19.270
C. lanceolatum vs Species 1 14.04 14.04 10.16 0.013
F. fragrans Error 8 11.05 1.38

Total 9 25.09
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Table A3.7 (Continued)

Species Source DF SS MS F P
C. lanceolatum vs Species 1 20.463 20.463 27.94 0.001

S. curtisii Error 8 5.859 0.732

Total 9 26.322
C. lanceolatum vs Species 1 25.232 25232 37.74 0.000
A.angustifolia Error 8 5.348 0.669

Total 9 30.581
C. lanceolatum vs Species 1 126.902 126.902 146.23 0.000
C. scortechinii Error 8 6.943 0.868

Total 9 133.845
C. lanceolatum vs Species 1 92.667 92.667 139.89 0.000
H. brasiliensis Error 8 5.299 0.662

Total 9 97.967
M. utilis vs P. Species 1 0.149 0.149 0.16 0.698
pinnata Error 8 7.388 0.823

Total 9 7.537
M. utilis vs D. Species 1 3.06 3.06 2.55 0.149
grandiflorus Error 8 9.62 1.20

Total 9 12.69
M. utilis vs D. Species 1 0.454 0.454 0.66 0.440
kunstleri Error 8 5.496 0.687

Total 9 5.950
M. utilis vs K. Species 1 0.006 0.006 0.01 0.920
ivorensis Error 8 4.590 0.574

Total 9 4.596
M. utilis vs F. Species 1 0.02 0.02 0.02 0.903
fragrans Error 8 12.22 1.53

Total 9 12.24
M. utilis vs S. Species 1 0.386 0.386 0.44 0.526
curtisii Error 8 7.025 0.878

Total 9 7.411
M. utilis vs Species 1 1.256 1.256 1.54 0.249
A.angustifolia Error 8 6.514 0.814

Total 9 7.770
M. utilis vs C. Species 1 54.21 54.21 53.48 0.000
scortechinii Error 8 8.11 1.01

Total 9 62.32
M. utilis vs H. Species 1 32.762 32.762 40.54 0.000
brasiliensis Error 8 6.465 0.808

Total 9 39.228
P. pinnata vs Species 1 4.56 4.56 4.09 0.078
D. grandiflorus Error 8 8.92 1.12

Total 9 13.49
P. pinnata vs D. Species 1 1.124 1.124 1.87 0.208
kunstleri Error 8 4.798 0.600

Total 9 5.922
P. pinnata vs K. Species 1 0.095 0.095 0.19 0.671
ivorensis Error 8 3.892 0.486

Total 9 3.986
P. pinnata vs Species 1 0.29 0.29 0.20 0.663
F. fragrans Error 8 11.52 1.44

Total 9 11.81
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Table A3.7 (Continued)

Species Source DF SS MS F P
P. pinnata vs S. Species 1 0.055 0.055 0.07 0.799
curtisii Error 8 6.327 0.791

Total 9 6.382
P. pinnata vs Species 1 0.539 0.539 0.74 0.414
A.angustifolia Error 8 5.816 0.727

Total 9 6.355
P. pinnata vs C. Species 1 48.667 48.667 52.54 0.000
scort