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ABSTRACT

Wood density often influences its quality, markeii#ly and end-use. This paper provides informa-
tion, for the first time, on the density variatiomvithin the stems of two members each of the
Rubiaceae and the Tiliaceae from Ghana. From eadmiily, the density at each stem position of a
traditional species is compared with that of a redd Lesser-Utilized Species (LUS). Density is deter
mined using conditioned weight of each block at°@0and 65%rh and its volume measured using a
digital micrometer. Densities ranging from 720-82@kn° for Corynanthe pachyceras Welw., and 660
-720kg/mfor Nauclea diderrichii (de Wild.) Merr. (membersfdhe Rubiaceae) were measured. Den-
sities for the two members of the Tiliaceae are évand range from 295-400kg/irfor Glyphaea
brevis (Sprengel) Monachino and 640-700kg/nfor Nesogordonia papaverifera (A. Chev.) R.
Capuron. Analysis of variance (ANOVA) is employedléxamine differences in densities from differ-
ent radial and axial stem positions as well as gthvsites for the two (2) LUS. Results have shown
that variations in density within the stems exisithivdensity increasing generally from the outer sap
wood to the inner heartwood. However, the trends@netimes not clear for members of the Tiliaceae
(G. brevis and N. papaverifera). It also varies atpthe stems of the four timbers often decreasing
with height from the base to the crown. Howevemwf@regularities also occur along the stems of the
LUS. Moreover, this study has shown that growthesinfluences the within-stem densities of the
LUS.

Keywords: End-use heartwood combined, Lesser-Utilized Species, RebiacTiliaceae, Within-stem
density

INTRODUCTION durability (Boyce, 1961; Schmidtling and Ambur-
Density is often regarded as one of the non-toxigey, 1977). It also affects the strength properties
properties that likely promote wood commerciali-and quality of temperate and tropical wood spe-
zation because it is, more often than not, considies. For instance, density is one of the critgria
ered to influence wood characteristics includingvood selection for constructional and super-
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structural purposes as well as several other sppled from three Ghanaian growth sites since little
cific uses including pulp yield and paper-makings known about their properties; the effect of lo-
quality (Jozsa and Middleton, 1994). Howevergality on their densities was therefore studied.
weight varies within each stem, as not every paitheir within-stem density variations were com-
of the stem position of a plant may possess theared as well as with those of their related tradi-
same density. This affects wood value within theional hardwoods sampled from one forest dis-
various regions of each bole. Such differences itrict.

density within the stem also have effect on its

hardiness, resistance against deterioratioMATERIALS AND METHODS

strength and several other physical and mecharsingle stems o€. pachyceragandG. brevisaged

cal properties including tension, compression45-75years were cut at breast height from natural
strain, shear, bending and cleavage across asthnds in three forest districts of Ghana: Bekwai,
along its entire stem. As a result, a number dflkawie, and Offinso all from the semi-deciduous
studies have been made to examine density variforest. One stem of each species was taken from
tion within the stems of various wood speciesach site. However, single stemshbfdiderrichii
including Douglas-fir and yellow-cypress by andN. papaveriferaof about 50 years were taken
Jozsa and Middleton (1994). Moreover, in ondrom Nkawie. Wood was selected from six differ-
temperate species, beechagus sylvatica L.), ent growth rings from the pith: the inner heart-
often employed as control species in durabilityvood (IHW) (3-8 growth rings), outer heartwood
tests in EN standards (Anon., 1982; 1994a, bJOHW) (19-23), transition wood (TW) (23-28;
Tsoumis (1991) found its density to decrease witkhis depended on the stem), inner sapwood (ISW)
distance from the pith. However, for tropical tim-(28-32), middle sapwood (MSW) (33-37) and
bers, little if any, is known about density varia-outer sapwood (OSW) (38-45 growth rings). The
tions within their stems, particularly for Ghanaiandensity at each position of the stem for individual
species. This is against the backdrop that wooshecies was determined from the volumes of 10
for certain end-uses that require strength may Beplicate blocks (15x10x10mm). The dimensions
taken from different parts of the log since not albf the volume were taken using a Mitutoyo Digi-
parts of the stem have the same density Qf| Micrometer. Densities (estimated as Mass/
strength. For this reason, this paper describes {fplume) were calculated using corrected oven-
full the within-stem density variation for four dry weight (determined as in Antwi-Boasiako
timbers from two families, namely Rubiaceae2004)) and the conditioned-volume of the repli-
(e.g. Nauclea diderrichii (de Wild.) Merr. and cate stakes (at 20°C and 65%RH). Besides the
Corynanthe pachycerasVelw.) and Tiliaceae ngjvidual radial positions, densities of the undif
(i.e. Nesogordonia papaveriferdA. Chev.) R.  ferentiated and conventionally known heartwood
Capuron and Glyphaea brevis (Sprengel) (je. combined IHW, OHW and TW) and sap-
Monachino). For the traditionally known andygod (i.e. combined ISW, MSW and OSW) were
widely used timbers (termed primary species}ompared. Within- and between-stem density
employed in the present investigation (iN. yariations for each species and at different growth
diderrichii andN. papaveriferg only their mean gjiag (for the LUS) were determined and com-
densities of 750kg/mhave been reported from pared using Analysis of Variance (ANOVA).
unspecified portions of their stems (Bailey, 1933, re|ation between their densities (from their
Cauday and Maun, 1997). However, Kribs (1959)5565) and durabilities following exposure to a
reported 45lbcuft (ca. 867 kghnfor C. pachy- hite ot fungus Coriolus versicolor(L) Quelet)

ceras a Lesser-Utilized Species (LUS), whilep,qeen earlier reported (Antwi-Boasiako, 2004
there are no density records for the other L3S, I P (Antwi 1axo, )

brevis For the present study, the LUS were sam-
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RESULTS all the individual sapwood and heartwood regions
The present investigations have revealed thaicross and along the stems and also from different
wood taken from each position within the stem ofjrowth sites are given below:

C. pachycerass denser than those from the two

primary species including its related durable spebensity variation across the stem

cies, N. diderrichii. Although literature is silent Variation in density of heartwood combined (i.e.
on the density of5. brevis this has been pres- HW) and sapwood combined (i.e. SW) in the
ently found to be the lightest ranging from 295+adial direction is presented in Figs. 1 and 3,
400kg/nt. Within-stem density variations for the while variation at all the six positions acrossteac
two LUS (C. pachyceragandG. brevis)and their stem (i.e. from OSW to IHW) is also presented in
two respective related primary speciés (lider- Fig. 2. Density of combined heartwood is usually
richii and N. papaveriferj have been also deter- higher than that of the combined sapwood for all
mined for the first time. In general, radial andthe species with minor exceptions (Fig. 3A-D;
axial variations exist between and within all theTable 1). For instance, for the primary species
species examined. Density variations for com(Fig. 3A, B), the two stem positions (HW and
bined sapwood (OSW, MSW and ISW) and heartSW) are of the same density only for the middle
wood combined (IHW, TW and OHW) as well asof the stem ofN. diderrichii (Fig. 3A; Table 1).
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Figure 1: Mean densities of heartwood and sapwoodang the stems of the selected Ghanaian
hardwoods studied from all growth sites.

Note: HW and SW represent heartwood (combined) sapd/ood (combined) respectively.

Bars = standard errors. Bars with same letters acg significantly different (p<0.05).
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Figure 2: Mean densities of wood from different peitions of the stems of the selected Ghanaian

hardwoods studied

and outer sapwood respectively. Bars = standardserBars with the same letters are not significadifferent

Note: IHW, OHW, TW, ISW, MSW and OSW represent inard outer heartwood, transition wood, inner, r@dd
(p<0.05).
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Figure 3: Mean densities of heartwood and sapwoanf the selected Ghanaian hardwoods studied
from different growth sites.

Note: HW and SW represent heartwood (combined) ape@od (combined) respectively. Bars = standard er-
rors. Bars with the same letters are not signifitadifferent (p<0.05).

The trend was more inconsistent for the LUSlensity variation for the combined heartwoods
(Fig. 3C, D). Density is greater for heartwood(HW) and combined sapwoods (SW) at the axial
than sapwood only at the bases of the stent of positions of the timbers except f@r pachyceras
pachycerasrom Nkawie and Bekwai, and at the For this species, HW densities at all the three
middle of Offinso and Nkawie (Fig. 3C). F@. axial positions are the same, as the differences
brevis heartwood is denser or heavier than sapbetween them are not significant (p < 0.05). This
wood only at the crown and base of the stem frons also the same for the SW along its stems (Fig.
Nkawie and the middle of the stem from BekwailC). This trend is not different for the heart-
(Fig. 3D). Moreover, at all the six radial posi-woods of N. papaveriferaand sapwoods o06.
tions, the propensity for density to decrease frorhrevis (all of Tiliaceae) (Fig. 1B and D respec-
the inner growth ring (i.e. from IHW) to the outertively). However, the heartwoods df. dider-
ring (i.e. OSW) exists along the stems of all theichii and G. brevisare denser at the crown and

four timbers (Fig. 2). middle regions than at the bases of their stems
(Fig.1A and D), while this is the reverse for the
Density variation along the stem sapwoods of the primary specids. (diderrichii

Fig. 1 again shows that there is no regular trend iandN. papaverifera (Fig. 1A and B). The differ-
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Table 1: Within-stem density variation and densityrange for the four timbers under investigation

Density variation

Timber species Radial

Axial

Density range for
stem positions

HW>SW.

N. diderrichii In middle, HW=SW

For HW:
middle/crown > base
For SW: base/middle>crown

For HW: base=middle=crown

660 (ISW, crown) —
720 kg/ni (IHW, base)

640 (ISW, crown) —

N. papaverifera HW>SW For SW: base/middle>crown 700 kg/nf (OHW,
base)
OFFINSO
HW>SW. For HW and SW:

At crown, HW=SW

HW=SW.

C. pachyceras In middle, HW>SW

HW=SW.
At base, HW>SW

base=middle=crown
NKAWIE

For HW and SW:
base=middle=crown
BEKWAI
For HW and SW:
base=middle=crown

720 (OSW, base, Bek-
wai) — 820 kg/m (TW,
middle, Nkawie)

HW>SW.
In middle, HW=SW

HW=SW.

G. brevis At crown, SW>HW

HW=SW.
In middle, SW>HW

OFFINSO

For HW:
middle/crown > base
For SW: base=middle=crown

NKAWIE

For HW:
middle/crown > base

For SW: base=middle=crown

BEKWAI
For HW:
middle/crown > base
For SW: base=middle=crown

295 (IHW, base,
Nkawie) — 400 kg/rh
(IHW, middle,
Nkawie)

HW and SW represent heartwood (combined) and sapyamanbined) respectively.

ences between the densities are significant (p Bensity variations within the stems of the LUS
0.05). Fig 2 shows that the trend in variation irfrom different growth regions

density for the individual sapwood regions (i.eThe influence of growth site on density is pre-
OSW to ISW) along the stems of all the four tim-sented in Fig. 3C and D for the two LUS. Once
bers was more irregular than for their combine@gain, the trend is inconsistent. Fig. 3C shows
sapwoods. Similarly, this is the situation for allthat for trees ofC. pachyceragrom the three (3)

the heartwoods at the axial positions (i.e. fronforest regions, heartwood density is greater in the
IHW to TW) compared with their combined middle than at the base and crown regions from
heartwoods. Offinso, in the base than in the middle and crown
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regions of the stems taken from Nkawie, and iwvariation within species, Brown, Panshin and
the crown than at the base and in the middle dforsaith (1952) observed that at any given height,
the stem from Bekwai. Density of the sapwoodvood elements gradually increase in size in suc-
does not change along the stems sampled froeessive growth rings for sometime (often about
Offinso and also those from Nkawie. However20-25 years). Thereafter, the mean size of the
the trend is consistent only for wood taken frontells becomes relatively constant, subject to mi-
Bekwai where density decreased from the base for fluctuations often due to changes in the envi-
the crown (i.e. crown > middle > base). Fer ronment. It is logical to assume that such varia-
brevis Fig. 3D shows that the heartwood in thetions especially those affecting texture will be
middle of the stem from Offinso and Nkawie is ofreflected in the high density of wood. For this
greater density than that at the base and crowRason, Tsoumis (1991) reported that in certain
regions. However, heartwood density of the ste#00d species (e.g. beech), density decreases with
from Bekwai follows this pattern: crown > base >distance from pith especially in trees of the same
middle. Density for its sapwood is greater in theSP€cies or between species due to the sizes and
crown and middle than at the base of the Ste,p,roport_lonal amounts of cell types in their qud.
from Offinso, while that in the middle is more According to Brown, Panshin and Forsaith

dense in the stem from Nkawie than at its baser922), the thickness of their cell walls can be a

and crown. From Bekwai, the sapwood is mostontributing feature as well. Other factors include

dense at the crown and least in the middle of thg)lfferences in the amounts of extractives and
stem other cell wall substances such as secondary me-
' tabolites including ash content (Antwi-Boasiako,

DISCUSSION 2004). Based on these and other factors, Brown,
Densities of timber species under investigation Panshin and Forsaith (1952) reported that at any
Mean densities recorded for the two primary spediven height in a tree-trunk, the density of the
cies (i.e.N. papaveriferaandN. diderrichii) and Wood might vary considerably along a radius.
C. pachyceragi.e. LUS) at their bases in the pre-According to Quilho and Pereira (2001), in hard-
sent study differ from their published figures re.woods, within-stem variation could depend on the

corded by Bailey (1933) reported in Coday androwth conditions prevailing at_the t_im_e the wood
Maun (1994) and Kribs (1959) respectively.WaS formed. From the foregomg, it is probable
Moreover. none of these authors indicated th%at several factors could contribute to account

stem positions where the densities of these har r the variation in density among hardwoods.

woods were determined. It should be stressed th !own, Panshin and Forsalth (1952) reported that,
no density value has been reported earlietGor 0 aI_I the factors, cell vv_aII thickness has theag-re
est influence on density. They also noticed that

brevis Thus, for the first time, its density hasWood formed in the vicinity of the pith comprises
been determined to range between 295-400kg/m Y b b

S . > cells that are smaller and probably have more
which is the. Iowest_ among the t|mpers StUd'?ngtractives, thicker walls and smaller lumina than
The lowest in density could be attributed to it

| " | di ; 4 with th ood at greater distances in the outer growth
argest vessel diameters (compared wi 0Se p gs. Such radial variations influence wood den-
the other three timbers). Such large pores usual

) , . ty, its strength and quality. Earlier report made

contribute to provide a greater void volume,, 't5qmis (1991) indicate that density decreases
which makes such timbers light (Antwi-Boasiako,iy several hardwoods with distance from pith as a
2004). result of anatomical differences between tree spe-

. . o - cies, as has been the situation for the four tismber
Factors that influence density variation within

species
Regarding the factors that could influence density
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Density variation within the stems of the tim- formed extractives could degrade over time in the
ber species IHW (Hillis, 1987). Thus, Andersoat al (1963)
That the within-stem radial variation for the tim-and Jinet al (1988) also contended that decrease
bers showed density of heartwood (combinedn density (and also durability) from the sapwood/
was greater than for sapwood (combined), as wédmartwood interface (i.e. transition wood [TW)])
especially the situation at the baseLCofpachy- toward the pith, as has been revealed in the pre-
ceras and N. diderrichii, supports the studies sent study, is believed to reflect the possibleinat
made by Haack and Slansky (1987), Eaton andhl oxidation of HW extractives, or continued de-
Hale (1993) and Debedlt al. (1998) reported that polymerization of extractives or microbial activ-
heartwoods are mostly denser than sapwoodiy with age. Debellet al (1998) asserted from
These researchers emphatically explained thatany studies that, the highest levels of extrastive
heartwoods consist of more dead cells with lignihave been found in OHW at the bases of trees.
fied cell walls and extractives that provide greateThis is most exemplified fo. brevisespecially
mechanical strength and offer more natural durder its stems from Nkawie and Bekwai.

bility to wood than their counterpart sapwoods.

These could explicate the present general trend Axial density variation within the timbers

density variations among the four species, whicbensity has been found also to vary along stems
has revealed the heartwoods of all the species tiecreasing with heightyice versa (Saranpéaa,

be of higher density than their corresponding saf2003). Luxford and Markwardt (1932) in Brown,

woods. Panshin and Forsaith (1952) found the bases of
redwood stems to be denser (about 15%) than the
Density variation across the timbers crowns and partly attributed this to variations in

There were no significant differences in densityneavier concentrations of heartwood extractives.
(p < 0.05) between the various radial regions of/nsurprisingly, Brown, Panshin and Forsaith
the sapwoods of each timber as well as betwedh952) also reported a general trend for densities
the different positions, of the heartwoods on théo decrease from the bases to the crowns of a
other hand. This possibly reflects the fact thabhumber of stems. Their work is similar to the
these positions, each of either the sapwood abservation made for the greater number of the
heartwood, had almost the same concentrations sppecies under the present investigation. However,
extractives and similar cell wall thickness withina few noticeable variations and irregularities were
each stem. This observation has been reported bfpserved for the LUS especially from the differ-
Antwi-Boasiako (2004) whose studies furtherent growth sites. Such deviations have since been
revealed that these features could contribute adbserved by Saranpaa (2003).

well to influence the durability variation in these

regions of these timbers. Although no clear trenérowth site and density variation

in density is followed forG. brevis and N. pa- It is significant to note that mean density varia-
paverifera(the Tiliaceae) in the present investigalions of the LUS stems under investigation sam-
tion, density increase from OSW to IHW at thePled from three different Ghanaian forest districts
base of the stem has been previ0u5|y reported fbﬁve indicated that grOVVth site could contribute to
C. pachycerasand N. diderrichii (the Rubiaceae) influence wood density. Quilho and Pereira
by the author. However, ifs. brevis the heart- (2001) gave the explanation that prevailing
wood sometimes was the lightest, as it is in thgrowth conditions of an area during wood forma-
case for its OHW and IHW from Nkawie andtion likely contribute to effect differences in den
IHW from Bekwai (Fig. 2). A possible reason sity within hardwood stems such as these LUS.
might be that, in such timbers, the previously
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CONCLUSION turning stocks. Veneer peeling and slicing are
Generally, mean densities recorded for the twother end-users where the degree uniformity is
primary speciesN. diderrichii andN. papaverif-  significantly beneficial. Unfortunately, little in-
era) andC. pachyceraglLUS) at their bases differ formation exists for the variability in wood den-
from the published figures. Moreover, density forsity and its influence on the end-uses of the nu-
the other LUS @. brevig that has never been in merous tropical hardwoods.

existence has been determined to range betwegh, .o density could affect several wood proper-

295-400kg/ ties including strength and durability as well as
Although variations in density within the stems oftheir quality and marketability, the within-stem
the four timbers exist, the trend is not normallydensity variations of several other tropical specie
consistent. However, on the whole, sapwoods areeed examining, as this would contribute to deter-
less dense than their heartwood counterparts. Thaine the end-use of every stem position of each
is, within-stem radial variation indicates a geheratimber.

trend whereby the combined heartwood is heavier
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