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ABSTRACT

Review of factors influencing wood durability shows although density varies depending on
trunk position, its role appears controversial for many timber species. Thus, for thefirst time, the
influence of density on the durability of three Ghanaian timbers (Nauclea diderrichii (de Wild.)
Merr., Nesogordonia papaverifera (A. Chev.) R. Capuron and Corynanthe pachyceras Welw.) [a
L esser-Utilized-Species (LUS)] isinvestigated, particularly for tropical species. Stake density was
determined using its corrected oven-dry weight and conditioned volume. Extracted density was
based on its density and total extractive content determined using 1:2 ethanol-toluene. Mean
weight losses (%) for stakes from inner and outer heartwoods (IHW and OHW respectively) of
each timber and the middle sapwood (MSW) of C. pachyceras, after exposure to Coriolus versi-
color (Linnaeus) Quelet. (a white-rot decay-fungus), were determined and correlated with their
densities (unextracted and extracted). Mean densities for N. diderrichii, N. papaverifera and C.
pachyceras range between 660-720, 640-700 and 720-820kgm? respectively for their correspond-
ing IHWs and OHWSs, while MSW of C. pachyceras measures 655-794kgm?. Total extractive
contents for the heartwoods of the three species range between 13.29-13.96, 10.18-10.65 and
11.03-14.19% respectively, while that of MSW of C. pachyceras is 9.68%. Relationship between
densities at the stem positions and their weight losses resulting from decay by C. versicolor
shows weak correlations: R?= 0.0095, 0.0103 and 0.1251 for N. diderrichii, N. papaverifera and
C. pachyceras respectively for their unextracted densities, and R?* = 0.0109, 0.015 and 0.1245
respectively for their extracted densities. Thus, the current study shows density alone has little
influence on the decay resistance of the three tropical timbers against bio-deteriogens (e.g. C.
versicolor) and that other factors such as extractives play much rolein wood durability.

Keywords: Coriolus versicolor, Corynanthe pachyceras, durability, extracted density\auclea
diderrichii, Nesogordonia papaverifera
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INTRODUCTION density varieties such &3uercus spp. (Boyce,
Several authors have examined the relativé961; Schmidtling and Amburgey, 1977, 1982;
importance of a number of factors that influ-Zabel and Morrell, 1992). Cartwright and
ence wood durability against bio-deteriogeng-indlay (1958) investigated that, in such light
including fungi. These comprise extractive contimber species, it is the toxic extractives
tent and type, lignin content and type, tree typgnormally concentrated in the lumina, walls and
nitrogen content, physical and other woodvoids of wood cells) of their heartwoods that
properties including density (Garren, 1939;confer durability in these regions and also con-
Takahashi and Kishima, 1973; Highley, 1982tribute to influence their densities. For that rea-
Zabel and Morell, 1982; Wonegt al., 1983, son, to investigate the influence of density on
1984, 1993; Faiet al., 1985 in Syafiiet al., the durability of wood, then its extracted wood
1988; Yamamoto and Hong, 1994; Suttie andlurability should also be examined.

Orsler, 1996). Wood density is a measure of th

fvork on such a relationship between densit
amount of cell wall per unit volume (Diaz-Vaz P y

and durability is non-existent or scant if any for

et al., 1975; Quirk, 1984 and Saranpaa, 2003 ilg : ;
o ub-Saharan tropical species. Consequently, the
Barnett and Jeronimidis, 2003) whose value ole density plays in imparting durability to

are usually given at specific moisture contentsy oo Ghanaian timbersNguclea diderrichii

either 0% or 12% (Desch and Dinwoodie : ;
. '(de Wild.) Merr. (kusia/opepe)Corynanthe
1996). Much controversy exists whether denbachyceras Welw. (pamprana)  [family:

;i_ty a'?]neh ((:jould_tcc;nf%r durhability on tilrlnbe_ro.l Rubiaceae] antllesogordonia papaverifera (A.
V(I)Tjrie Is?hi-s ?sn T)Ie){iel\tlgde'crs rea(lj\ijec: (;frpl?sio\;l()l()fthev') R. Capuron (danta) [family: Tiliaceae])
gases through the wood, thereby likely reducat their various stem positions is being exam-

. th te of f | d v N ined for the first time in this paper. Antwi-
ing the rate of fungal decay (Yamamoto an oasiako(2004) found the heartwoods of these
Hong, 1994). As a result, several researche

- ' X fmbers to be resistant against the white-rot
have shown that within species, there is a posHecay-fungus Goriolus versicolor (Linnaeus)
tive correlation between density and durabi”ty'QueIet) under laboratory conditions [EN 113
For instance, Wonget al. (1984) examined non., 1982); BS EN 350-1 and 2 (Anon
such a relationship between the density o o e ; : i
Eucalyptus delegatensis R.T. Baker and its 994a,b)] with the following respective durabil

decay resistance (i.e. durability) agai@srio- ity classes: very durable, moderately durable

lus versicolor (Fr.) Quel. (a white-rot decay- and durable. Equally reported durable for the

first time was the middle sapwood @f pachy-
f‘_”_‘9“$)- These authors_ showed further that P®eras. Densities of this and other various stem
sition in the stem often influences wood densit

. o Xegions of the three timbers were determined
and durability. Similarly, Yamamoto and Hong and correlated with their durabilities agaist

(1994) reported good correlations between th@ersicolor, as interestingly this has never been

wood densities of a greater number of Malay- . ; ;
sian tropical hardwoods and their durabiIitiesestathhed for any Ghanaian wood species.

against the brown-rot fungu$yfomycespaluss  MATERIALS AND METHODS

tris (Berk. et Curt) Murr.) and several white-rot\ywgod selection and density determination

fungi. In contrast, it is often argued that densityyood samples were taken at breast height from
alone could not influence durability againstapout 50-year old single stems of two primary
fungi and other bio-degraders. This is cleagpecies (i.eN. diderrichii andN. papaverifera)
when the durabilities of wood species of differ<om a natural stand in the Nkawie forest dis-
ent densities are compared. Thus, it has begfct of GhanaC. pachyceras, a Lesser-Utilized
observed that some low-density timbers '”C|UdSpecies (LUS) was sampled at breast height
ing Cedrella spp. are more resistant to bio-from three stems from three different natural
deterioration (e.g. fungal decay) than high{orests: Nkawie, Bekwai, and Offinso (these are
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about 100-160km apart) all in the moist semi-70% RH for 8 weeks. Following incubation, the

deciduous forest zone with two rainfall peakseplicate blocks were removed from each jar

(major in May-June, minor in September-and mycelia cleared from the surface of each

October). The stems aged between 45-75 yearstake. The blocks were oven-dried at 105+2°C

Blocks were sampled from the inner heartwoodo their respective constant weighercentage

(IHW) and outer heartwood (OHW) [3-8 andweight losses for individual blocks were deter-

19-23 growth rings from the pith, respectively].mined using the equation:

Blocks were also taken from the middle sap-

wood (MSW), 33-37 growth rings from the pith %Wt 1058

of each of the stems @. pachyceras. Wood - [ Initial corrected oven —cry weight - Final oven—dryme«'ght]xmo

was conditioned at 20°C and 65%RH until nital oven-dry weight

Elcz)l:;lll(lgr(ll]{?xrrl(z)ls):ui’(e)n?r?]r;tﬁ*g:'nwsscLef:; dhizld (;rseiﬁ'he percentage weight losses for stakes of each

tion in the stems were weighed and theirpvol-SpeCieS at each stem position were correlated
; . e . with their unextracted densities to examine the

umes measured using a M_|tutoyo digital m"relationship between the two.

crometer. The oven dry weight of each block

was determined by calculating the moistureThe influence of extracted wood density on

content (mc)f two samples from each respec-natural durability

tive radial position for each species using thd o determine the relative importance and con-

oven-dry method (Desch and Dinwoodietribution of extractives and density to wood

1996). This value was used to apply correctiomlurability, extracted wood density (i.e. density

for the oven-dry weights of the replicate blocksof wood taken after its extractives were re-

using the following equation: moved) was correlated against the percentage
weight losses for blocks exposed @ versi-

copw = 100xCW color. Methods used to determine extracted

10C + MC densities were based on Chafe’'s (1987) proce-

N ) dure described in Chafe (1989) using the fol-
Where conditioned weight (CW) = block owing equation:

weight at 20°C and 65%RH, mc = moisture

content of samples. Using the corrected overExtracted density
dry weights (CODW) and conditioned volumes,
it was possible to estimate the density of eac
block (using Mass/Volume).

§ Unextract d densit v(l-Totalextracteotontent]

100

The total extractive contents for wood from the
Assessment of weight losses of blocksdifferent radial positions in each species were
(unextracted) of each species determined using the TAPPI Standard (Anon.,
The durabilities of the individual unextracted1988; 1996). Statistical comparison of densities
blocks were assessed by determining weigtdand durabilities was made using ANOVA. Ex-
losses following their exposure to the fungudracted densities for each species were also cor-
(Coriolus versicolor (Linnaeus) Quelet). related against the percentage weight losses for
Blocks were sterilised by autoclaving and 1Qheir respective blocks after exposureCtover-
blocks from the stem region under investigatiorsicolor.
of each species were exposedthe decay-
fungus in a sterile 500ml decay chamberESULTS
(Beason jars) containing 3% malt extract agaPetween-species and within-stem density
(150ml) that had been pre-inoculated 10 day%ariation
before insertion of the blocks. Blocks WereLittle variation in density exists at breast he|ght

incubated with the decay-fungus at 22+1°C angetween the three species (Fig. 1). Nonetheless,
density is greatest for the inner and outer heart-
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woods (i.e. IHW and OHW respectively) 6f even in relation to the middle sapwood (i.e.
pachyceras and least for IHW of. papaverif- MSW) from C. pachyceras. Moreover, except
era. Densities for the two primary species ddfor IHW of N. papaverifera that is more dura-
not vary much. Moreover, with regards to theble than its corresponding OHW, the converse
two heartwoods of each timber, apart frdin  holds true generally for the two other timbers of
papaverifera whose OHW is denser than itsthe RubiaceaeN, diderrichii and C. pachy-
IHW, there is no significant difference in den-ceras). Lastly, Fig. 1showsthat despite the
sity (p < 0.05) between the two positidios N.  small density difference among the various
diderrichii and C. pachyceras (members of stem positions of the timbers, variation in dura-
Rubiaceae). However, significant differencebility between all the speciés significant (p <
exists among the densities (i.e. unextracted) ar@l05)
their extracted densities of each timber (Fig. 1).

Total extractive contents of the different
Durability variation among the timbers stem positions of the three species
Although the difference in densities of the threelable 1 shows that, in considering the stem
timbers is little, particularly for the two primary position, forN. diderrichii and C. pachyceras
species, much durability variation exists beimore extracts were removed from OHW than
tween the timbers. For instance, Fig. 1 agaiftHW. However, the total extractive contents of
shows thatN. diderrichii is most durable IHW and OHW (i.e. the inner and outer heart-
againstC. versicolor, as it has the minimum wood positions respectively) fd¥. papaverif-
percentage weight loss, whil. papaverifera era as well asC. pachyceras are not signifi-
is the least resistant against the decay-fungusantly different (p<0.05). It is only ilN. pa-

| Unextr density Extr density — —%Neightloss |

-

Mean weight loss (%)
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N. diderrichii N. papaverifera C. pachyceras

Timber species and position in stem

Fig. 1: The influence of wood density (unextractecnd extracted) on the durability of N.
diderrichii, N. papaverifera and C. pachyceras againstC. versicolor

Note: IHW and OHW = inner and outer heartwoods respectively. MS = middle sapwood. Bars = standard
errors. Barswith the same letters or figures are not significantly different (p<0.05).
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Fig. 2a: Relationship between unextracted densitignd weight loss resulting from decay
againstC. versicolor for N. diderrichii, N. papaverifera and C. pachyceras
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Table 1: Total extractive contents from the different stem psitions of, and R values for N.
diderrichii, N. papaverifera and C. pachyceras

» ) R? values
Timber species Position Mean total extractive

P in stem content (%) Unextracted Extracted

density* density
. _ IHW 13.29+0.34

N. diderrichii OHW 13.96+0 74 0.0095 0.0109
. IHW 10.650.63

N. papaverifera OHW 10.1840 19 0.0103 0.015
IHW 12.67+0.51

C. pachyceras OHW 12.80+0.29 0.1251 0.1245
MSW 9.68+ 0.50°

Note: Each mean total extractive content is based on two replicates. The same letter = no significant differ-
ence (p<0.05) between % total extractive contents of samples using ANOVA (Source: Antwi-Boasiako,
2004). IHW and OHW = inner and outer heartwoods respectively. MSW = middle sapwood.

paverifera where the extractive content of IHW clear and has generated much more controversy
was greater than that of OHW. F@r pachy- than any other factor. Nevertheless, such a rela-
ceras, the total amount of extractives for MSWtionship has been little studied among several
(i.e. middle sapwood) is slightly smaller thantimbers globally (especially those from Africa).
for the heartwoods. Based on this, the present work was aimed at
investigating the influence of density on the
Correlation between density and durability durabilities of three selected Ghanaian hard-
Figs. 2a and 2b, on the other hand, show th&@oods on exposure to one of the most virulent
correlation between wood density (unextractedvhite-rot decay-fungiC. versicolor. The use of
and extracted respectively) and block weighthis decay-fungus is imperative as white rots
loss for the three species under investigatiohave been found to be more prevalent than
resulting from decapy C. versicolor (i.e. dura- brown-rots, with hardwoods being more sus-
bility). The two figures show the relationship toceptible to white-rot attack (Savory, 1954 in
be poor for both unextracted and extracted demaniel and Nilsson, 1998). White-rot decay-
sities, as they all have low’Ralues. From the fungi are thus specified for use when testing
correlations, it appears that the relationshignardwood durability. Antwi-Boasiako (2004)
between extracted density and durability ifound that the heartwoods of the three timbers
comparatively, slightly weaker (Fig. 2b) thanproved durable and were thus employed in es-
for unextracted density (Fig. 2a)?\Rilues for tablishing the relationship between their densi-
the two (2) densities (unextracted and exties and durabilities, as the total amount of bio-
tracted) against weight loss are also presentemidal extractives in heartwoods contribute to

in Table 1. impart durability to wood. The middle sapwood
(MSW) of C. pachyceras has been found dura-

DISCUSSION ble by the same author and was also employed

Factors that influence wood durability to examine the density-durability relationship

Of the numerous wood properties that influencén sapwoods, which are often hardly durable
the durability of timber species, the relationshigDesch and Dinwoodie, 1996).
between density and durability is not always
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Mean densities (unextracted and extracted) incrementally). All the same, density patterns
at different stem positions of the three spe- from the pith outward of hardwoods often ap-
cies. pear less consistent than in softwoods as in the
Mean densities recorded for the three timbers ipresent situation. For example, Taylor and
the present study from only their bases diffeiWooten (1973) observed at the base®lafa-
from published figures. For example, 620-nus oocidentalis L., Quercus phelos L. and
720kg/nt was recorded for the primary speciesSalix nigra Marsh that density decreased from
(N. diderrichii and N. papaverifera), which is the pith outwards (with a slight contrast at the
quite different from the published value (i.e.crowns). In hardwoods, as it is clearly the case
750kg/m) reported by Bailey (1933) in Coday in the current study, such variations are often
and Maun (1994). Fo€. pachyceras, Kribs not uniform.

(1959) reported about 867kginyi.e. 45Ib/

cu.ft), while 641-828kg/thwas currently re-  Stem density variation and the contribution
corded. The present density values appear uby extractives

surprisingly lower than those in literature, asSeveral researchers have reported a number of
the latter were taken under conditioned weightactors that influence density variation in tim-
and volume as well as from unspecified stener. Brownet al. (1952) and Cartwright and
positions and stake conditions, whereas thEindlay (1958) have found the influence of
current assessments were based on correctddnsity as a reflection of the amount of cell
dry weights and conditioned volume of stakesvall per unit volume of wood, which is also
of each species. The corrected oven-drgignificantly influenced by extractive (and ash)
weights were employed in order not to destrogomponents. The total extractive content data
the extractives in each stake as result of volasimilarly reveal that it is likely the presence of
tilization through oven-drying, as the stakesextractives could be responsible for the density
were exposed to the decay-fungus after theirariations in the different stem regions of each
weight and density determinations. Althoughtimber. This is particularly the case fbd pa-
little is known aboutC. pachyceras (LUS), its paverifera (where OHW density is greater than
density has been found to be the greatest amoiigW’s) and C. pachyceras (whose heartwoods
the three timbers, even greater than its tradare denser than MSW). Similarly, Browehal.
tionally known related primary species (i. (1952) recognized that extractives contribute
diderrichii) of the same family (i.e. Rubiaceae).appreciably to influence wood density by mak-
Slight density variation exists at breast heighing up large proportion of the weight of several
among stem positions of the three species. Ftreartwoods (i.e. about 20% by weight of oven-
example, no variation exists between the innedry weight). It is therefore expected that extrac-
heartwood (IHW) and outer heartwood (OHW)tives influence wood density and contribute to
of N. diderrichii and C. pachyceras. It is only the roles density plays in many timber charac-
in N. papaverifera (the Tiliaceae) that OHW is teristics including durability. Extractives’ con-
slightly denser than IHW. Fo€. pachyceras, tribution could be significant because they have
its middle sapwood (MSW) is found to be lessbheen examined to confer natural durability on
dense than its heartwoods. In a previous studypany timber species including teak and African
Antwi-Boasiako (2004) reported that there is anahogany (Syafiet al,. 1987; Yamamoto and
tendency for density to decrease from IHW tdHong, 1994; Suttie and Orsler, 1996). Watg
the outer sapwood (OSW) at all axial positionsl. (1993) revealed that durability was influ-
of the three timbers, especially for the two pri-enced by density in extracted northern hemi-
mary species. Wongt al. (1993) also showed sphere conifers and eucalypt species. This and
that basic density ("extracted" andprevious investigations by Antwi-Boasiako
"unextracted") generally increased outward2004) have likewise confirmed that densities
from the pith (both intra- and inter- of the three timbers drastically reduced after
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their toxic secondary metabolites (especiallyonstrated that extractive type influences heart-
extractives) were removed from their stakeswood durability ofN. diderrichii againstCo-
Apart from influencing density, it should be niophora puteana (Schum. Fr) P. Karsten (a
noted that removal of such biocidal extractivedrown-rot decay-fungus).

by solvents often damages the cell structure anghe the influence of the within-species den-
the organization of cell wall components,qit, on durability is examined, weak correla-

which are often injurious to stakes. These couldyng exist across the stems of the timbers. This
assist to make extracted woods more suscepliork lends more support to the fact that den-

ble to deterioration. sity, on its own, has little influence on durabil-

. . ) ity, as has been reported for many timbers such
Rel_a_tlonshlp between wood density and du- 55 peech Hagus sylvatica L) and black oak
rability o _ (Quercus sp.) (Boyce, 1961; Schmidtling and
The fact that the densities at different stem pOAmburgey 1977 and 1982: Zabel and Morrell
sitions appear not to differ greatly does noyggz) “However, this is against the backdrop

mean there cannot be durability variations beg ot other authors such as Woetgal. (1993)
tween them. Such an observation is not uniqug

) . ve found a good correlation between density
to these Ghanaian wood species only. Severaﬁ

X i - a@nd durability within other species including
researchers including Boyce (1961), Schmidqthern hemisphere conifers and eucalypts.

ting and Amburgey (1977; 1982), Nilsson andrpey ghserved the correlation generally  in-

Daniel (1992) and Zabel and Morrell (1992)¢10a5eq outward from the pith. Nonetheless, the
have shown similarly that the relationship be-

) ) present work revealed the trend is not consis-
tween density and decay resistance does npint for the tropical hardwoods examined.
always hold true. That is, a good correlation
between the two does not always exist for
number of species. For instance, the heartwo%><
density ofN. papaverifera compares witlthose

tracted density and wood durability

oreover, since the extractive content of the
, HOh wood contributes to influence density, it was
of N. diderrichii and MSW ofC. pachyceras  5noropriate the total extractives of the blocks of

yet the durability oiN. papaverifera is signifi- - o5ch species were determined and employed to
cantly lower than those for these stem positionggtaplish the relationship between extractive-

of the two members of the Rubiaceae (Ne. fee densities of the timbers and their durabili-
diderrichi andC. pachyceras). This shows that a5 The overall weak correlations also ob-
besides density, other factors contribute to Nz ed for their weight losses as against those

fluence wood durability. Wilcox (1965), Taka- ot their extracted densities establish that density
hashi and Kishima (1973), Highley (1982),is of jittle significance in influencing their dura

Wonget al. (1983; 1984), Faiet al. (1985) in  pjities against the decay-fungus. However, it
Syafii et al. (1988) as well as Yamamoto andgpqiq he emphasized that the extractive-free
Hong (1994) reported such factors include ligyensity for each species was calculated through
nin and extractives. For extractives, apart fromg .« tion as recommended by Chafe (1989). It
their contents, extractive type could play a vitalg therefore possible that actually extracting

role. For instance, the extractive contentNof  p5cks to remove extractives might have a sig-
papaverifera does not vary greatly from those pificant influence on their decay resistance.
from the other two species, yet durability variesypis was demonstrated by Syadti al. (1987)
greatly among the three species. Intrag g gyiie and Orsler (1996) when they re-
specifically, the extractive contents for IHW moved extractives in several timbers including
and OHW ofN. papaverifera and C. pachy- iy (Eusideroxylon zwageri T & B), which is
ceras are also not significantly different yno\yn to be one of the most durable timbers
(p<0.05), however, their durabilities vary. SUt'(Syafii et al., 1987). Their durabilities were
tie and Orsler (1996), in a related study, demggyerely influenced so were the water- and
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methanol-extracted stakes of the three Ghanaentent slightly varies within each stem yet
ian hardwoods on exposure @ versicolor enormous durability variation exists between
(Antwi-Boasiako, 2004). the timbers.

The present work and several other studies sug-
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