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Abstract
In Central Africa more than 75% of the total log production is focussed on only four timber species, whose populations are 
progressively being depleted. Reducing the impact on those flagship species by diversifying the exploitation could lead to bet-
ter forest management in the long term. Pachyelasma tessmannii is a species whose trees are among the largest in the forests 
of Central Africa. Yet the properties of its wood are poorly documented. The aim of this study is to evaluate the possibility 
of using this species with a view to diversify forest production in Central Africa. Its physical and mechanical properties, its 
natural durability, and quantified radial variation were investigated. By using Hierarchical Clustering on Principal Compo-
nent (HCPC), heartwood was classified among 98 other Central African timber species. P. tessmannii has a wavy grain and 
a coarse texture with a wide well-discernible sapwood. The wood is “heavy” with disadvantageous dimensional stability 
parameters. All mechanical properties are “medium”, except for “low” impact bending strength. Heartwood is very durable 
against white and brown rot. All properties were significantly influenced by radial variation, except for axial compression 
strength. According to the HCPC, P. tessmannii should be suitable for stairs (inside/outside), flooring, decking, veneer (back 
and face of plywood), sliced veneer, furniture (inside/outside), exterior panelling, cabinetry, and joinery (inside/outside). 
The results obtained concerning the radial variation of basic density could suggest that the species is light-demanding. Con-
sidering that the sustainable exploitation of light-demanding species is often confronted with the problem of their lack of 
regeneration in closed-canopy rainforests, further studies are needed before promoting this species on international markets.

1 Introduction

For several years, the future of tropical forests has become 
a critical issue (Lamb et al. 2005; Alroy 2017; Mitchard 
2018), highlighting the need for sustainable management 
of these ecosystems (Karsenty et al. 2008; FAO 2011). The 
Congo Basin hosts the second largest continuous forest 
block in the world, after the Amazon Basin, with an area 

close to 170 million hectares. In Central Africa, 28% of 
that area is allocated to timber production (FRM 2018) and 
generally logging is the main source of direct or indirect 
employment (Bayol et al. 2012). To sustainably manage their 
forests, Central African countries have adapted their laws 
and encouraged forest companies to produce and respect a 
sustainable management plan. Among other things, the aim 
is to combine production and forest resource recovery after 
a cutting cycle (25 years on average).

Despite these measures, a progressive impoverishment of 
some flagship timber species (Entandrophragma cylindri-
cum (Sprague) Sprague, Triplochiton scleroxylon K. Schum., 
Lophira alata Banks ex C.F. Gaertn.) is observed (Karsenty 
and Gourlet-Fleury 2006; Biwolé 2015). In Africa, the num-
ber of tree species has been estimated to be around 4600 
(Slik et al. 2015). However only four species (Aucoumea 
klaineana Roxb. ex Colebr., Entandrophragma cylindricum 
(Spraque) Sprague, Triplochiton scleroxylon K. Schum. 
and Erythrophleum suaveolens (Guill. & Perr.) Brenan) 
account for more than 75% of the total log production in 
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the Congo Basin (BAD 2019). Because most of them are 
light-demanding, their regeneration is generally absent in the 
forest understory and long-term recovery rates of their popu-
lations are low (Morin-Rivat et al. 2017). Diversifying tim-
ber production could reduce the impact on logging flagship 
species (Karsenty and Gourlet-Fleury 2006). As knowledge 
of wood properties is the main factor for accepting lesser-
known timber species on international markets (Chaowana 
2013; Boampong et al. 2015), those properties need to be 
investigated in a wide range of understudied species.

Pachyelasma tessmannii (Harms) Harms (commercial 
name: Eyek or Mekhogo) is a tree from the Fabaceae fam-
ily, Caesalpinioideae sub-family. Although among the big-
gest trees of the African rainforest, only low volumes were 
exported from Central Africa: 5 and 1  m3 of sawing, from 
Cameroun respectively in 2005 and 2006 (ATIBT 2006, 
2007). Those very low exportation rates could be due to a 
lack of knowledge about this species. Indeed only few data 
such as density or heartwood/sapwood ratio and observa-
tions are documented (Lemmens et al. 2012).

The aims of this study are to (i) describe physical, 
mechanical and natural durability properties of P. tessmannii 

wood, (ii) quantify their radial variation, (iii) compare 
observed properties with those of better-known species in 
Central Africa in order to estimate main end uses and (iv) 
investigate the feasibility of a sustainable production con-
sidering ecological features of the species.

2  Material and methods

2.1  Study species and study site

Pachyelasma tessmannii can reach a height of 60 m and 
diameter of 2.5 m with a straight, cylindrical bole, some-
times deformed, with well-developed plank-buttresses. Its 
crown spreads like an umbrella. Leaves are 35 to 38.5 cm 
long. Its fruits are 4 angled pods that can reach 15–37 cm 
length, 2–2.5 cm width and 3.5–4 cm thickness Figure 1 
(CJBG 2018). It occurs in secondary evergreen rainforest 
from south Niger to Central African Republic and from 
Gabon to Democratic Republic of Congo (Schmelzer and 
Gurib-Fakim 2008).

Fig. 1  Tree density by diameter class among the study site, highlighting lower densities in lower diameter classes



European Journal of Wood and Wood Products 

1 3

Following national regulations, minimum cutting diam-
eters range from 50 cm in Cameroon to 70 cm in Gabon. 
Studied trees were collected in the Forest Management Unit 
(FMU) 10–044 granted to Pallisco, an FSC-certified logging 
company located in east Cameroon. The forest is moist and 
semi-deciduous (Fayolle et al. 2014). The climate is equato-
rial with an average temperature of 23.2 °C and an average 
annual rainfall of 1629 mm. The density of P. tessmannii 
trees (dbh, diameter at breast height > 20 cm) is 0.156 per 
ha. The density of harvestable trees following regulations 
of Cameroon is 0.132 per ha. Figure 1 gives the density 
of trees distribution by diameter classes in the study site 
(Nature + asbl 2015).

2.2  General description and preparation of samples

Four trees were harvested. Straightness and defects of the 
logs were determined. First boles were quarter sawn and the 
central planks of 10 cm thickness were collected on each tree 
(Table 1). To avoid deformation, they were slowly air-dried. 
Planks were divided into 5 equidistant segments, where sap-
wood thickness was recorded on each side of the planks. 
Colour, grain and texture were also determined for both sap-
wood and heartwood on the transversal plan. Finally, the 
transversal plane was sanded up to 1200 grit to visualize 
macroscopic anatomical traits.

After natural air-drying, planks were cut into 11–16 bat-
tens for Part A, 4–6 battens for Part B (Fig. 2), depending 
on planks’ minimum width. These battens were finally cut 
into test samples following the process explained in Fig. 2. 
Defect-free samples were selected according to the ISO 3129 
standard (ISO 2012) for physical and mechanical tests. Their 
dimensions are given in Table 2.

To study the influence of radial position on the wood 
properties, each sample was classified into one of the fol-
lowing wood parts:

 i. Juvenile wood: samples within 10 cm from the pith 
and containing at least the 10 first years of the tree 
(Zobel and Sprague 1998; Ishiguri et al. 2007);

 ii. Heartwood: samples containing heartwood out of 
juvenile wood;

 iii. Sapwood: samples containing only sapwood.

Since no study has yet been carried out on the wood mois-
ture content (MC) behaviour of P. tessmannii under different 
environmental conditions, selected samples were stored at 
a standard atmosphere of 20 ± 2 °C and 65 ± 5% air rela-
tive humidity in order to reach an MC of 12% (ISO 2012). 
MC was regularly calculated on independent samples using 
the following equation: MC = (mh − ma)/ma*100 where 
mh = humid sample mass (g), ma = anhydrous sample mass 
after drying at 103 °C (g).

2.3  Wood properties

Wood properties, calculations for their determination and 
standards used are summarized in Table 2.

FSP calculation consisted in oven-drying samples of 5 
different MC rankings from 0 to 60%. For each MC, the sam-
ple surface was calculated as the product of tangential and 
radial dimensions. The FSP, considered as the MC at which 
shrinkage begins during drying, was extrapolated using the 
linear regression modelled on the surface shrinkage induced 
by MC variation of the sample (Kollmann and Coté 1968; 
Bossu et al. 2016).

All strength properties were determined using an 
Instron-5582 machine, with the exception of the impact 
bending strength, which was determined with an Amsler 
machine. Due to lack of knowledge about P. tessmannii dry-
ing, some tests were not carried out at a 12% MC (Table 3). 
Once the MC is lower than the FSP, mechanical properties 
increase with decreasing MC (Kollmann and Coté 1968; 
Gerhards 1982; Kretschmann and Green 1996), therefore 
obtained values are probably underestimating values at 12% 
MC.

Natural durability was considered as the resistance of 
wood against attack of basidiomycete fungi. In this study, 
a white-rot fungus, Trametes versicolor (L.) Lloyd (CTB 
863 strain), and a brown-rot fungus, Coniophora puteana 
(Schumach.) P. Karst. (BAM Ebw. 15 strain), were used.

Wood impregnation was assessed with regard to CEN/
TR 14734: 2004 (CEN 2004). Impregnation classes were 
determined by measuring mean lateral penetration, minimal 
lateral penetration and minimal axial penetration of a copper 
sulphate solution in the wood after an impregnation cycle in 
a sealed chamber.

2.4  Data analyses

Analysis of variance (ANOVA) was performed to study 
the role of the radial position in wood properties. To verify 

Table 1  Dimension of P. tessmannii planks, in centimetres

Id plank Length Thickness Maximum 
width

Mini-
mum 
width

E1 318 10 114 111
E2 329 10 122 119
E3 326 10 79 72
E4 317 10 145 128
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normality and homoscedasticity, the Ryan-Joiner and the 
Levene tests were used respectively. If means were unequal 
then they were compared by using the t-test post-HOC test at 
a 95% confidence level. If homoscedasticity was not verified, 
the non-parametric test of Kruskall–Wallis was used and 
medians were structured by using Wilcoxson–Mann–Whit-
ney test at a level of confidence of 95%.

The means of mechanical properties (E, σf, σc, and N) 
and physical properties (ρ12, %V, βlinR, βlinT, βlinT/βlinR 
and FSP) of P. tessmannii heartwood were compared with 
those of other African timber obtained from the CIRAD 
(2015) database. All values mentioned in this database, 
except for FSP, were determined according to the same 
standards used in this study (personal communication). As 
this database presents properties at 12% MC, our meas-
urements that were not performed at 12%, were converted 
using the equation from USDA (2010): P =  P12 *  (P12/
Pg)((12 − M)/Mp − 12), where P is the property at M moisture 
content (%),  P12 is the same property at 12% MC,  Pg is 
the property for green wood and  Mp here corresponds to 
the FSP. To identify the species with similar properties, a 
Principal Component Analysis (PCA) and a Hierarchical 

Clustering on Principal Components (HCPC) were carried 
out. This unsupervised method makes it possible to reduce 
the number of variables to few non-correlated variables, 
named Principal Components (PCs) which efficiently 
summarize the information (Lever et al. 2017). However, 
this statement is only verified if the number of selected 
components is optimal. Indeed, the cumulative variance 
explained by selected PCs should represent most of the 
dataset variability, while avoiding selecting too many com-
ponents that could induce statistical noise. Then, Euclid-
ean distance between species was calculated on selected 
PCs scores to create the dissimilarity matrix used to clus-
ter species with the Unweighted Pair Group Method with 
Arithmetic mean (UPGMA) aggregation method.

All analyses and graphics were processed with RStudio 
software 1.2.5001 (RStudio team 2020) with the following 
packages: FactoMineR (Lê et al. 2008), ggplot2 (Wickham 
2016) and Tidyverse (Wickham et al. 2019).

Fig. 2  Cutting process, dimensions in mm; natural durability (d); 
dynamic bending strength (K); density at 12% MC (ρ12); basic den-
sity (Bd); Monnin hardness (N); total volumetric shrinkage (βvol); 

Young’s modulus (E); static bending strength (σf); axial compression 
strength (σc); impregnation (I); total linear radial/tangential shrinkage 
(βlin); anisotropy (An); fiber saturation point (FSP)
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3  Results

All results concerning physical properties, mechanical prop-
erties and natural durability of P. tessmannii are summarized 
in Electronic Supplementary Material.

3.1  Log description, visual aspect and macroscopic 
anatomy

Planks had three mains defects: heart shakes (3/4), ring 
shakes (2/4) and cup shake (2/4). These defects hamper 
peeling transformation (Fays 2008). No evidences of 

insects or fungus attacks were observed. The sapwood is 
9.8 ± 3.2 cm wide, it is white and well discernible from 
the heartwood. The heartwood varies from light pink or 
brown pink to red brown (Fig. 3a). The wood has inter-
locked-grain and flamed figure patterns on quarter sawn 
due to a wavy grain on the tangential section (Fig. 3a). On 
the one hand, this kind of grain angle variation produces 
beautiful and particularly attractive figures on wood (Har-
ris 1989; Hillaby 2000; Fays 2008). On the other hand, 
it could negatively impact mechanical properties (Wed-
dell 1961; Marsoem and Kikata 1987; Hernández and 
Almeida 2003) by decreasing mean value of resistance and 

Table 2  Calculation methods of wood properties

m12 = mass 12% MC (kg),  V12 = volume 12% MC  (m3), y in = y axis interception of lm = linear model, MC = moisture content, S = sample sur-
face  (m2), ma = anhydrous mass (kg), Vs = volume above FSP  (m3), Va = anhydrous volume  (m3), Ls = linear length above FSP (m), La = anhy-
drous length (m), P = maximum load before breaking (N), l = distance between two support points (m), t = distance between two loading points 
(m), m = distance between the two arrow measuring points (m), a = sample height (cm), b = sample width (cm), f = arrow induced by the load 
(m), W = breaking unitary work (kgm), p = cylinder print width on sample (mm),  m0 = dry mass before fungus exposition (g),  m16 = dry mass 
after 16 weeks of fungus exposition; Units; standards used for their determination; dimensions of samples: height (H), width (W) and length (L) 
and number of selected samples: sapwood (Ns), heartwood (Nh) and juvenile wood (Nj)

Properties Symbols Calculations Units Standards/references used H W L Ns Nh Nj

Wood density at 12% MC ρ12 ρ12 =  m12/V12 kg/m3 NF B51-005 (AFNOR 1985a) 20 20 20 24 59 24
Fibre saturation point FSP y in lm (MC ~ S) % Kollmann and Coté (1968), 

Bossu et al. (2016)
45 45 10 8 24 8

Basic density Bd Bd = ma/Vs kg/m3 NF B51-005 (AFNOR 1985a) 20 20 20 24 59 24
Volumetric shrinkage from 

saturated samples to oven 
dry

βvol βvol = (Vs − Va)/Vs * 100 % NF B51-006 (AFNOR 1985b) 20 20 20 24 59 24

Volumetric coefficient %V %V = βvol/FSP %/% NF B51-006 (AFNOR 1985b) – – – – – –
Linear shrinkage from satu-

rated samples to oven dry
βlinT and βlinR βlin = (Ls − La)/Ls * 100 % NF B51-006 (AFNOR 1985b) 45 45 10 24 76 27

Anisotropy AN AN = βlinT/βlinR no units NF B51-006 (AFNOR 1985b) 45 45 10 24 76 27
Young’s modulus E E = 3P(I − t)  m2/8ba3f Mpa NF B51-016 (AFNOR 1987a) 20 20 360 24 62 24
Static bending strength σf σf = 3Pl/2ba2 Mpa NF B51-008 (AFNOR 1987b) 20 20 360 24 62 24
Dynamic bending strength K K = W/ab kg/cm2 NBN 225 (IBN 1956) 20 20 300 24 59 24
Axial compression strength σc σc = P/ab Mpa NF B51-007 (AFNOR 1985c) 20 20 60 24 62 24
Monnin hardness N N = (15 − (

√

900 − p2)/2)−1 no units NF B51-013 (AFNOR 1985d) 20 20 60 24 59 24

Natural durability d d =  (m0 −  m16)/m0 % CEN/TS 15083-1 (CEN 2005) 15 25 50 16 32 32
Impregnation I – classes CEN/TR 14734 (CEN 2004) 45 45 800 12 15 -

Table 3  Mechanical properties tested mean MC

Mean values, median in case of Kruskal–Wallis analysis (± standard deviation) for each section and t-test/Wilcoxon test grouping; analysis; sig-
nificance and mean value converted at 12% MC of heartwood used in the HCPC analysis

Property MC Juvenile wood Heartwood Sapwood Analysis Significance Heartwood 
(12% MC)

E (Mpa) 12 16,941a ± 2382 (22) 17,005a ± 3698 (61) 14,326b ± 2792 (24) Anova F = 6.134; p-val = 0.003 17,005
σf (Mpa) 15.3 56b ± 12 (22) 79a ± 19 (62) 74a ± 21 (24) Anova F = 13.19; p-val < 0.001 89
K (kgm/cm2) 13.2 0.13b ± 0.05 (21) 0.20a ± 0.08 (59) 0.27a ± 0.16 (21) Kruskal–Wallis χ2 = 28.73; p-val < 0.001 –
σc (Mpa) 12 55a ± 6 (24) 55a ± 7 (59) 52a ± 7 (24) Anova F = 1.62; p-val = 0.204 55
N 14.6 3.7c ± 0.8 (24) 4.3b ± 0.7 (62) 4.8a ± 1.0 (24) Anova F = 11.84; p-val < 0.001 4.9



 European Journal of Wood and Wood Products

1 3

increasing variability (Hernández 2007). Those kinds of 
various grain angle finally induce surfacing difficulties and 
complicate planing and sanding operation during wood 
manufacturing. The wood texture is coarse due to wide 
vessels, diffusely distributed, either isolated or grouped 
in groups of 2–3, up to 4 (Fig. 3b). Axial parenchyma is 
abundant either confluent, aliform or winged-aliform.

3.2  Physical properties

Median density (12% MC) is significantly different 
(χ2 = 10.984; p-val < 0.01) between radial position: 
768 ± 101  kg/m3 (n = 23), 820 ± 51  kg/m3 (n = 47) and 
842 ± 62 kg/m3 (n = 22), for juvenile wood, heartwood and 

sapwood, respectively (Fig. 4). The significant data dispersal 
in juvenile wood (Fig. 4) may be due to the definition we 
adopted, i.e. wood within 10 cm from the pith. As a conse-
quence, samples may have included real juvenile wood and 
heartwood. Juvenile wood can be classified as “semi-heavy”, 
sapwood and heartwood can both be classified as “heavy” 
(Sallenave 1955). The observed ρ12 difference between 
mature (both sapwood and heartwood) and juvenile wood 
is particularly significant (Gartner et al. 1997; Bhat et al. 
2001).

Basic density median follows the same pattern as ρ12 
with significant variation along radial position (χ2 = 25.43; 
p-val < 0.001): 630 ± 68 kg/m3 (n = 22), 679 ± 43 kg/m3 

Fig. 3  P. tessmannii wood aspect a on quartersawn lumber showing 
large interlocked grain (a.1) and flamed aspect (a.2) due to the wavy 
grain in the tangential plane; b on the cross-section showing large 

vessels (b.1), diffusely distributed either isolated or grouped in groups 
of 2–3, up to 4 (b.2), an abundant axial confluent parenchyma (b.3) or 
winged-aliform (b.4)

Fig. 4  Increase in density at 
12% MC and basic density from 
juvenile wood to sapwood of P. 
tessmannii; *, **, *** and **** 
correspond to p-value ≤ 0.05, 
p ≤ 0.01, p ≤ 0.001 and 
p ≤ 0.0001 respectively for 
Mann–Whitney test
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(n = 58), 709 ± 46 kg/m3 (n = 24), for juvenile wood, heart-
wood and sapwood, respectively.

Radial and tangential shrinkage are significantly influ-
enced by radial position (χ2 = 29.75; p-val < 0.001 and 
χ2 = 20.14; p-val < 0.001, respectively). Radial shrink-
ages for juvenile wood, heartwood and sapwood are 
respectively 4.93 ± 0.62% (n = 18); 4.20 ± 0.64% (n = 60) 
and 3.75 ± 0.29% (n = 21). Radial shrinkage of juvenile 
wood and heartwood can be considered as “medium” and 
sapwood as “low” (Gérard et al. 2017). Tangential shrink-
ages are respectively 10.41 ± 0.24% (n = 14); 9.21 ± 1.24% 
(n = 55) and 9.03 ± 1.02% (n = 25) (Fig. 5) which corre-
spond to a high tangential shrinkage for juvenile wood 
and medium shrinkage for both heartwood and sapwood 
(Gérard et al. 2017).

Volumetric shrinkage median is significantly influ-
enced by radial position (χ2 = 18.97; p-val < 0.001): 
15.66 ± 1.83% (n = 23), 13.75 ± 2.08% (n = 56) and 
12.41 ± 0.90% (n = 19), for juvenile wood, heartwood and 
sapwood, respectively (Fig. 5). Volumetric shrinkage of 
juvenile wood is classified as “high” and it is “medium” 
for sapwood and heartwood (Sallenave 1955).

The mean anisotropy of shrinkage, which indicates 
the risk of deformation during drying (Spear and Walker 
2006), is significantly different between radial positions 
(F = 3.41; p-val = 0.036): 2.10 ± 0.25 (n = 18), 2.20 ± 0.36 
(n = 60) and 2.30 ± 0.25 (n = 21) for juvenile wood, heart-
wood and sapwood, respectively (Fig. 5).

FSP can be classified as medium (Gérard et al. 2017) 
for all compartments even if its mean differs significantly 

(F = 6.49; p-val = 0.004) with radial variation (Fig. 6), 
27.2 ± 0.8% (n = 7), 25.7 ± 1.5% (n = 23) and 24.9 ± 1.1% 
(n = 8) for juvenile wood, heartwood and sapwood (n = 8), 
respectively. All wood parts have a medium value of  Vs: 
0.55%/% for juvenile wood, 0.53%/% for heartwood and 
0.50%/% for sapwood (Sallenave 1955).

Fig. 5  Variation in linear, volumetric shrinkage and anisotropy (no units) across the stem of P. tessmannii; ns, *, **, *** and **** correspond to 
p-value > 0.5, p ≤ 0.05, p ≤ 0.01, p ≤ 0.001 and p ≤ 0.0001 for Mann–Whitney test (βlinR, βlinT and βvol) and t-test (An), respectively

Fig. 6  Difference in fibre saturation point between juvenile wood, 
heartwood and sapwood of P. tessmannii; ns, ** and *** correspond 
to p-value > 0.05, p ≤ 0.01 and p ≤ 0.001 respectively for t-test



 European Journal of Wood and Wood Products

1 3

3.3  Mechanical properties

All mechanical properties results are summarized in 
Table 3. E mean is significantly different between wood 
parts but all remain classified as “medium” (Gérard et al. 
2017). Values obtained for heartwood and juvenile wood 
(17,005 ± 3728  Mpa and 16,941 ± 2330  Mpa, respec-
tively) were significantly higher than those of sapwood 
(14,326 ± 2792 Mpa) (Table 3). σf is significantly lower 
in juvenile wood (56 ± 12 Mpa) than heartwood and sap-
wood (79 ± 19 Mpa and 74 ± 21 Mpa, respectively). They 
are respectively “medium” and “weak” (Gérard et al. 2017 
). The K median is also significantly weaker for juvenile 
wood (0.13 ± 0.05 kg/cm2) than heartwood (0.29 ± 0.17 kg/
cm2) and sapwood, (0.28 ± 0.08 kg/cm2). According to Sal-
lenave (1955), all wood parts can be considered as “low” 
impact strength. Compressive strength does not significantly 
differ among radial positions: 55 ± 6 Mpa, 55 ± 7 Mpa and 
52 ± 7 Mpa for juvenile wood, heartwood and sapwood, 
respectively. All values can be considered as “medium” 
(Gérard et al. 2017). N is significantly different between 
the tree radial positions (F = 11.84; p-val < 0.001). Juve-
nile wood (3.7 ± 0.8) is less hard than heartwood (4.3 ± 0.7) 
which is less hard than sapwood (4.8 ± 1). All wood parts are 
considered as “mid-hard” (Gérard et al. 2017).

3.4  Natural durability and impregnation

For both white and brown rot, a significant variation among 
sample radial position is observed (F = 6134; p-val = 0.003 

and F = 13,19; p-val < 0.001 respectively for T. versicolor 
and C. puteana). Considering two strains, the median 
dry mass loss (MDL) of heartwood (4.80 ± 3.17% and 
0.57 ± 1.23% for T. versicolor and C. puteana, respectively) 
is significantly lower than for the two other radial positions 
(Fig. 7). As median is the parameter used to assess natu-
ral durability class, heartwood can be considered as very 
durable (CEN 2005). However, nearly half of samples could 
be classified as “durable” for T. versicolor and this rank-
ing should be used carefully. Against T. versicolor, MDL of 
sapwood (16.06 ± 3.84%) is significantly higher than MDL 
of juvenile wood (12.15 ± 3.82%). They are respectively 
slightly and moderately durable. Against C. puteana, MDL 
of sapwood (3.72 ± 1.54%) was not significantly different 
from MDL of juvenile wood (2.06 ± 4.64%) and both are 
very durable. To confirm fungi virulence, beech samples 
were also tested. For those, MDL against T. versicolor and 
C. puteana was 30.17% and 40.37%.

Concerning wood impregnation, all samples of heartwood 
are classified as slightly to non-impregnable. The penetra-
tion of copper sulphate followed the interlocked grain on the 
surface but never covered the complete width of the speci-
men. Concerning sapwood, 42% of samples are considered 
as impregnable, 50% as moderately impregnable and 8% as 
slightly to non-impregnable. The copper solution also fol-
lowed the interlocked grain and mainly covered the whole 
specimen’s section.

Fig. 7  Natural durability classes assessment according to CEN (2005) for P. tessmannii juvenile wood, heartwood and sapwood
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3.5  Heartwood physical–mechanical classification

The cumulative percentage of total explained variance 
reaches 95.66% with the four first components (Fig. 8). 
The quality of variable representation on a PC is expressed 
as the squared cosine calculated between the variable and 
its projection on the PC in the multi-vector space created 
by the PCA. The first component is highly correlated with 
the ρ12, E, N, σc, σf, and %V. The second one is correlated 
with stability parameters (FSP, βlinR and βlinT). AN is highly 
correlated and βlinR moderately correlated to the third one. 
Finally, FSP and %V are moderately correlated to the fourth 
component. Given the high cumulative variance explained 
by those four components and the weak representation qual-
ity of variables on PCs from the fifth component (minimal 
squared cosine < 0.1), only the four first components were 
kept for the hierarchical clustering.

The HCPC classifies P. tessmannii heartwood in the 
group composed of Piptadeniastrum africanum (Hook.f.) 
Brenan, Scottellia klaineana Pierre and Pterygota genus 
(Pterygota bequaertii De Wild and Pterygota macrocarpa 
K. Schum) (Fig. 9). Their pilot names are, respectively, 
Dabema, Akossika and Koto (ATIBT 2016). According to 
Fig. 8, those species appear to be similar based on the fol-
lowing properties: %V, βlinR, βlinT, An, FSP and σc. However, 
P. tessmannii has a higher ρ12, E, N and a lower σf than those 
three other species. This classification also emphasizes the 
difference between P. tessmannii wood and that of the 4 
main flagship species in Central Africa.

4  Discussion

4.1  Physical properties

Pachyelasma tessmannii presents a significant increase in 
ρ12 and Bd from the pith to the bark (Fig. 4). Dimensional 
stability parameters also variate with the radial gradient. 
Indeed, all shrinkage and FSP significantly decrease from 
juvenile wood to sapwood (Fig. 5). The anisotropy is not 
significantly different between heartwood and sapwood but 
seems to rise from juvenile wood to sapwood. The %V is not 
significantly different between wood parts, but there also is 
a decreasing trend from juvenile wood to sapwood. In this 
case, all stability properties seem to be correlated to the 
Bd as reported by some authors (Kollmann and Coté 1968; 
Mantanis et al. 1994; Kord et al. 2010). More recent stud-
ies highlight that those publications are based on temperate 
hardwood and softwood and do not match with the tropical 
wood anatomy complexity (de Almeida et al. 2017). Multi-
species studies on tropical wood even present a poor rela-
tion between density and shrinkage (de Almeida et al. 2017; 
Deklerck et al. 2019). According to Schulgasser and Witz-
tum (2015), shrinkage is mainly explained by wood micro-
structure. As microstructure of wood is affected by cambial 
maturity (Lichtenegger et al. 1999; Evans et al. 2000), it 
could explain the variation in physical properties between 
juvenile wood and mature wood. Deklerck et al. (2019) also 
show that vessels lumen area per  mm2 affect swelling more 
than wood density. Rungwattana and Hietz (2018) show sig-
nificant increase in vessel fraction from pith to bark (inde-
pendent of cambial maturity) for 5 tropical species. Con-
sidering these results, the furthest sapwood distance could 
explain the difference in dimensional properties observed 
among mature wood. Regardless of the radial variation of 

Fig. 8  On the left, bar plot 
of the percentage of the total 
variance explained by each 
component and the cumulative 
variance curve, on the right, 
the dot plot presents the quality 
of variable representation by 
the PCs, expressed as squared 
cosine. The dotted line cor-
responds to the limit number 
of components selected for the 
hierarchical clustering
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shrinkages, the wide vessels (Fig. 3b) and their density (5 
per  mm2 according to Normand and Paquis (1976) could 
explain high shrinkage in all wood parts for P. tessmannii).

Dimensional parameters provide information on lumber 
behaviour with MC variation. For P. tessmannii, juvenile 
wood will shrink/swell more than other wood parts but 
with a lower risk of deformations during drying due to an 
inferior AN. Sapwood will present the opposite behaviour: 
less shrinkage/swelling and a higher risk of deformation. 
FSP decreasing from juvenile wood to sapwood means that 
juvenile wood will start shrinking before other wood parts 
during drying. This can lead either to a high risk of checking 
or splitting for large wood pieces made up of two or three 
wood parts. It is therefore advised to saw narrow lumber 
during sawing process. %V expresses the lumber volumetric 
variation due to a variation of 1% MC. Juvenile wood will 
react more to MC variation than heartwood and sapwood.

Considering all wood parts, P. tessmannii shows disad-
vantageous dimensional parameters. Its high anisotropy and 
its interlocked grain strongly increase the risk of warping 
during wood drying (Dalois 1993). This wood deforma-
tion either leads to losses in planing operations or prevents 
lumber use (Fays 2008). As this risk is mainly linked to 

plain sawn lumber, quarter sawing which reduces the ratio of 
tangential and radial dimensions must be promoted (Dalois 
1990).

4.2  Mechanical properties

Despite a quite high density, the mechanical properties are 
medium overall (Fig. 9) and go against the widely accepted 
statement about the interspecific relation between wood 
strength and density (Kollmann and Coté 1968; Zhang 1997; 
Ocloo and Laing 2003; Keller 2009; Sholadoye et al. 2016). 
The grain deviation pattern (Fig. 3) could explain this. As 
mechanical properties are tested parallel to wood rings, 
the wavy grain directly affects wood strength (Tsehaye and 
Walker 1995; Brémaud et al. 2011b). According to Koll-
mann and Coté (1968), a grain deviation between 15° and 
20°, as observed on all samples, could lead to a decrease of 
20 to 35% in bending strength and 10 to 20% in compressive 
strength. Impact bending strength is particularly influenced 
by sloping grain. Wilson et al. (cited in Harris 1989) suggest 
a slope lower than 2° for impact uses.

Considering that all wood parts present the same grain 
deviation pattern, mechanical strength is generally higher for 

Fig. 9  On top, hierarchical classification by using the “UPGMA” 
aggregation method on “Euclidean” distance based on the 4 main PCs 
from the PCA (which represents 95.66% of variance). At the bottom, 
the dot plot presents all standardized physical and mechanical prop-
erties corresponding to each species. For each property, the smallest 
dots correspond to the lowest value observed in the database and the 

biggest one to the highest value. The branch containing the 3 closest 
species to P. tessmannii’s wood is fully circled. At the same cutting 
height in the classification, groups containing the 4 main flagship spe-
cies in Central Africa (A. klaineana, E. cylindricum, T. scleroxylon 
and E. suaveolens) are dotted circled
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mature wood (Table 3). However, E is significantly lower for 
sapwood and σc does not significantly vary with the radial 
gradient. E variation could be explained by a higher extrac-
tives content in juvenile wood and heartwood that positively 
affects the Young’s modulus (Brémaud et al. 2011a).

4.3  Use classes

White rot was the most decaying fungus. As a precaution, 
natural durability against this strain can be used to assess P. 
tessmannii use classes. According to the NF EN 335 stand-
ard and the EN 460 standard, natural durability of juvenile 
wood covers use class 3 (outdoors, MC sometimes > 20%, 
quick drying after moisture exposure), the natural dura-
bility of heartwood covers use class 4 (outdoors, MC 
always > 20%, direct contact with the soil or water without 
any treatments), and that of sapwood covers the 2 first work-
ing classes (interior with no humidification or sheltered with 
occasional humidification). As sapwood soaking with decay 
preservative agent can be considered, it could be used until 
use class 4 with an appropriate treatment.

This use class assessment is only valid for situations 
where no other wood pests occur. Lemmens et al. (2012) 
mentioned a good resistance of P. tessmannii heartwood 
against termite and marine borers, but it can be attacked by 
pinhole borers. However, observations are not sufficient and 
further scientific work is needed to assess its natural durabil-
ity against those pests before any use in areas where these 
pests occur. Moreover, every situation is different and this 
grading might be adapted.

4.4  Potential uses of heartwood

Potential heartwood uses can be proposed by crossing the 
actual uses of the identified three closest species (Table 4) 
and other P. tessmannii properties not included in the HCPC 
analysis. The coarse grain mainly does not allow mouldings 
(Martin and Vernay 2016). Low impact bending strength 
combined with a high density prevents use for vehicle or 
container flooring, boxes and crates, mobile items, seats, 
industrial or heavy flooring and carpentry. With a weak 
density-strength ratio, framing cannot be done. Unlike the 

three other species, P. tessmannii heartwood could be used 
until working class 4 and allow exterior uses as decking or 
exterior stairs. Hence, P. tessmannii is potentially suitable, 
according to the HCPC analysis and all properties studied, 
for the following end uses: stairs (inside/outside), flooring, 
decking, veneer (back and face of plywood), sliced veneer, 
furniture (inside/outside), exterior panelling, cabinetry, join-
ery (inside/outside) and turned goods.

This list can be compared to the one proposed by Lem-
mens et al. (2012): heavy construction, boat building, vehi-
cle bodies, furniture and cabinet work, joinery, sporting 
goods and implements, interior trim, toys, turnery and very 
thin veneer. Considering medium to low mechanical prop-
erties (Table 3) observed and the weak density/mechanical 
strength ratio, heavy construction, boat building, vehicle 
bodies and sporting goods are not recommended. Interior 
trim is not recommended as discussed before. Interestingly 
only toys, turned goods and veneer (already in the HCPC 
potential use list) seems to meet P. tessmannii wood prop-
erties. This huge difference emphasizes the need to study 
wood properties before assessing uses. The wavy grain 
pattern observed on the 4 studied trees (Fig. 3a), which 
probably strongly decreases mechanical strength, could be 
the cause of this difference observed between the HCPC 
list and the one proposed by Lemmens et al. (2012).

The difference observed within P. tessmannii and the 
four main flagship species shows that the species studied 
will not be appropriate to substitute them in the tropical 
wood market. However, it could be added to diversify it.

4.5  Ecological traits and management

Radial variation of wood density is known to be corre-
lated to many morphological and ecological traits of trees 
(King et al. 2006; Iida et al. 2012; Plourde et al. 2015). 
The increase in basic density from the pith to the bark is 
often attributed to pioneer and light-demanding species 
(Wiemann and Williamson 1988, 1989; Woodcock and 
Shier 2002, 2003). Considering the high diameter this spe-
cies can reach (Fig. 1), it is probably a long-lived pioneer 
species. Such species often have a lack of regeneration 
in undisturbed mature forests (Pena-Claros et al. 2008). 

Table 4  Main end uses (Gérard et al. 2017) for the 3 closest species of P. tessmannii identified by the HCPC

Species Main end uses

Piptadenastrum africa-
num (Hook.f.) Brenan

Heavy carpentry; stairs (inside); veneer; vehicle or container flooring; glued laminated; built-in furniture or mobile 
item; house framing; industrial or heavy flooring; exterior panelling

Scottellia klaineana Pierre Turned goods; framing; cabinetry (high-end furniture); stairs (inside); veneer; panelling; interior joinery; built-in 
furniture and mobile item; moulding; flooring; sliced veneer; marquetry

Pterygota spp. Framing; boxes and crates; veneer; panelling glued laminated; interior joinery; built-in furniture or mobile item; 
moulding; house framing; fibre or particleboards; sliced veneer; seats; marquetry
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Figure 1, showing lower tree proportion in lower diameter 
classes, probably confirms this lack of regeneration. As a 
consequence, if this lack of regeneration is confirmed in 
other logging concessions, silvicultural methods such as 
logging gap enrichment (Doucet et al. 2009) or enrichment 
planting (Doucet et al. 2016; Martínez-Garza et al. 2013) 
should be investigated. If successful, those techniques 
should be systematically implemented in case of exploi-
tation of P. tessmannii in the selective logging context. As 
light-demanding species are more competitive in high light 
situations, this species might be suitable for planting and 
reforestation operations.

5  Conclusion

Pachyelasma tessmannii wood has some interesting proper-
ties (beautiful grain patterns, medium shrinkages and FSP, 
good heartwood durability, impregnable sapwood) but also 
some drawbacks (high radial variation in physical properties, 
high anisotropy, and weak strength/density ratio). All prop-
erties, except for axial compression strength, were signifi-
cantly more advantageous in mature wood (heartwood and 
sapwood) than juvenile wood. This assumption suggests to 
ensure removing juvenile wood during the sawing process. 
The HCPC analysis showed the heartwood is quite simi-
lar to Piptadenastrum africanum, Scottellia klaineana and 
Pterygota spp. By crossing end uses of those more marketed 
species and the other wood properties studied, not taken into 
account in the HCPC, P. tessmannii could meet the following 
end uses: stairs (inside/outside), flooring, decking, veneer 
(back and face of plywood), sliced veneer, furniture (inside/
outside), exterior panelling, cabinetry, joinery (inside/out-
side) and turned goods. However, it would be necessary to 
study more practical properties, such as stability test, drying 
yields, and gluing to confirm the end uses proposed.

The results obtained concerning the radial variation of 
basic density suggest that the species is light-demanding. A 
large-scale logging could threaten population in mature for-
est where natural regeneration of these species is often low. 
The stem distribution we obtained confirms that large trees 
of this species are more abundant than small ones. Prior to 
large-scale logging of P. tessmannii, further investigations 
are needed to clarify species ecology and the possibility to 
enhance its regeneration with appropriate silviculture.
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