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Abstract-

 

Wood density (WD) is not only a key element in 
tropical forest ecology to estimate tree biomass but also an 
indicator of timber quality, and it integrates many aspects of 
tree mechanical properties and functioning. Notably, 
contrasting patterns of radial variation of WD have been 
demonstrated and are related to regeneration guilds (light-
demanding vs. shade-bearing) but haven't been demonstrated 
to be related to leaf phenology (deciduous vs. evergreen). 
With the destructive method and the “archimed” principle, we 
investigated the

 

WD radial variation of nine timber tree species 
harvested in the eastern region of Cameroon. The result 
showed that WD differed significantly among these nine 
species (P > 0.05). Their average WD was 0.70 ± 0.05; 0.79 
± 0. 14; 0. 69 ± 0.05; 0.55 ± 0.03; 0.81 ± 0.03; 0.63 ± 0.08; 
0.65 ± 0.08;   0.64 ± 0.05; 0.44 ± 0.07 g.cm3 for Afzelia 
bipendensis; Cylicodiscus gabunensis; Entandrophragma 
cylindricum; Entandrophragma utile; Erythrophleum 
suaveolens; Mansonia altissima; Milicia excelsa; Pterocarpus 
soyauxii

 

and Triplochiton scleroxylon. Variation in WD from 
bark-to-pith enabled three distinct patterns: type 1 in which 
WD increases (A. bipendensis); type 2 in which WD decreases 
(C. gabunensis; E. cylindricum; E. utile; E. suaveolens; M. 
excelsa

 

and P. soyauxii); and type 3 in which WD values are 
substantially equal (M. altissima

 

and T. scleroxylon). All nine 
timber tree species were deciduous. At the level of light 
requirement succession, the pioneer species were E. 
suaveolens, M. excelsa, T. scleroxylon

 

and the other one was 
non-pioneer light demander species: C. gabunensis, A. 
bipendensis, E. cylindricum, P. soyauxii, M. altissima

 

and E. 
utile. In addition, we found that WD in this study compared to 
the DRYAD global repository may strongly differ depending on

 

the species (up to 133% for T. scleroxylon and less than 96% 
for A. bipendensis). Therefore, when estimating forest biomass 
in specific sites, we recommend that future studies on WD 
include the analysis of the effect of vertical variation with long-
term phenological data and anatomical analysis in the same 
species and use a large sampling size, including individuals of 
both the same and different species. 
Keywords: wood density, radial variation, tropical forest, 
shade tolerance, leaf phenology, congo basin. 

I. Introduction 

eduction of tropical forest areas has a great 
impact on the amount of carbon dioxide stored in 
the atmosphere (Houghton 1985) because the 

forest is a great essential source of the world producing 
oxygen (O2) and storing carbon dioxide (CO2). 
Importantly, CO2 is an influential gas leading to climate 
change. Estimating the aboveground biomass (AGB) 
content is necessary for considering the total carbon 
content stored in the forest ecosystem (Ketterings et al. 
2001; Chave et al., 2004). This AGB is generally 
estimated by using allometric equations, the variables 
involved in such equations are the diameter at breast 
height, total height, and wood density (WD) or more 
conventionally the wood-specific gravity (WSG). Chave 
et al. (2005; 2014) showed that this calculation is used 
in the majority of studies involving allometric models.  
WD is one of the most important variables in forest and 
wood science as it is crucial for understanding tree 
structures and functions, and is relevant for timber 
properties and the energy content of the material. WD is 
calculated by dividing the oven-dry mass of a sample by 
the mass of a volume of water equal to the volume of 
the sample at a particular moisture content (ASTM 
2011). According to Panshin & de Zeeuw 1980; Chave 
et al. 2009, it is a major predictor of wood's mechanical 
properties and is also a trait distinguished by chemical 
and anatomical traits (Lachenbruch & Mcculloh 2014). A 
key source of information on tree adaptation is the 
variety in wood anatomy (Beeckman 2016; Tarelkin et al. 
2016). 

The anatomical structure of wood, which 
includes the features of the vessels and fibres, can be 
used to describe the density fluctuations inside a tree 
(Roque & Filho 2007). In hardwood species, the ratio or 
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quantity of various cell types and their spatial patterns 
determine this WD variation. These cell types include 
axial parenchyma, vessels, fibres, and rays (Panshin & 
de Zeeuw 1970). De Mil et al. (2018) shown that 
whereas vessels and parenchyma are adversely 
connected to the WD of the tree growth rate during 
ontogeny, fibres with thicker walls and flattened lumina 
increase WD. DRYAD is a global repository from which 
the average WD values at the species or genus level 
have been derived (Zanne et al. 2009). Using these 
repositories (Zanne et al. 2009; Chave et al. 2009) could 
result in an overestimation of WD for the species 
community of roughly 16 %. (Ramananantoandro et al. 
2015). Also according to these archives, tropical WD (for 
light- to heavy-wood) range from 0.1 to 1.5 g.cm-3 
(Zanne et al. 2009; Chave et al. 2009). In the tropical 
regions of the planet, this variety has been well 
preserved (Détienne & Chanson, 1996; Turner, 2001). 
Nonetheless, the majority of species have values that 
are quite near to the mean (Détienne & Chanson 1996). 
It was demonstrated by Chave et al. (2006) and Maniatis 
et al. (2011) that species differences in WD were bigger 
than those between them. With differences between 
shade-tolerant and light-demanding species (Chave et 
al. 2009; King et al. 2005). Light-demanding species are 
thought to require investment in denser wood to survive 
in a mature forest when there is greater competition for 
light since they are so sensitive to light exposure (Nock 
et al. 2009; Wiemann & Williamson 1988). In general, the 
fast growth of light-demanding species in the early 
stages is often associated with the production of 
softwood with low density (Woodcock & Shier 2002; 
Nock et al. 2009), in contrast with shade-tolerant 
species produced denser wood and grow very slowly 
(Woodcock & Shier 2002). Thought to offer a 
competitive edge, this relationship between density and 
growth can actually shorten a tree's lifespan (Wiemann & 
Williamson 1988). Greater resistance to physical harm 
and dangerous infections is induced by high values of 
WD (Putz et al. 1983; King et al. 2006; Chao et al. 2008). 
Together with a tree's vertical profile (Henry et al. 2010; 
Wassenberg et al. 2014) and radial profile, WD can also 
reveal changes inside the tree (Henry et al. 2010; 
Plourde et al. 2015; Osazuwa-Peters et al. 2014; 
Lehnebach et al.2018). Within specific trees, WD can 
also vary radially from pith to bark (Wiemann & 
Williamson 1988; 1989; Henry et al. 2010; Hietz et al. 
2013).These density variations across a pith-to-bark 
profile are thus a good indicator of the variations of the 
fibres' anatomy and the abruptness of the change in 
wood anatomical structure. 

The three goals of this study were to: (1) 
compare wood density (WD) between and within nine 
harvested tropical tree species; (2) find out how leaf 
phenology and shade tolerance may affect potential 
changes in WD; and (3) assess the discrepancy 
between estimated WD and database values. 

II. Materials and Methods 

a) Study Site 
The study was conducted around the city of 

Gari-Gombo in the eastern region of Cameroon. Stem 
discs were collected inside the 2013 cutting block in the 
Forest Management Unit (FMU) 10 025 of the "Sociéte 
Forestière Industrielle de la Lokoundjié (SFIL)" of the 
Decolvenaere Group Cameroon (DC). This FMU has 
been partially or fully exploited previously (1990–1997); 
its approximate boundaries are 3° 30' N and 3° 55' N 
latitudes and 14° 45' E and 15° 00' E longitudes. Its area 
is 49 595 ha, and the area of the 2013 cutting block (3-
3) is 1586 ha (SFIL 2009). Soils are mainly ferralitic type, 
reddish-brown to yellow (Jones et al. 2013), and rest on 
a geological base consisting of metamorphic rocks with 
a high content of clay oxides iron and aluminum, formed 
from materials such as mica schists and chlorous 
schists (Martin & Segalen 1966). The climate of the site 
is equatorial rainforest, fully humid (Köppen 1936), with 
a unimodal rainfall distribution and a dry season from 
December to February: monthly rainfall less than 60mm 
(Worbes 1995). Rainfall amounts vary between nearby 
weather stations. The Yokadouma (85 km to the 
southeast of the study area) has four seasons, including 
a long dry season (mid-November to mid-March). The 
average annual rainfall is 1471.78 mm, and the annual 
average temperature is about 24 °C (21.94–24.56 °C). 
The annual average air humidity is 80 percent, with 
ranges of elevation between 600 and 680 meters above 
sea level. (Fig. 1.) 
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The vegetation of the region is the Guineo-
Congolese dense forest (White 1983). For Letouzey 
(1968), FMU 10 025 is in the transition zone between 
dense, moist evergreen forest and semi-evergreen 
forest. This FMU was certified by the Forest Stewardship 
Council (FSC) until 2014, and now it only has a 
traceability and legality certificate. This study concerned 
nine legally harvested tree species. In 2013 cutting block 
of Forest Management Unit 10 025 of SFIL-GDC logging 
company (SFIL 2009). The selection of these species 
was based on their commercial potential, the availability 
of the resource, and the visibility of growth rings among 
the eighteen species harvested 

b) Study Species 
The following species were examined: Afzelia 

bipendensis Harms, Cylicodiscus gabunensis Harms, 
Erythrophleum suaveolens A. Chev. and Pterocarpus 
soyauxii Taub. (Fabaceae); Entandrophragma 
cylindricum Sprague and Entandrophragma utile (Dawe 
& Sprague) Sprague (Meliaceae); Milicia exselsa (Welw.) 
C. C. Berg (Moraceae); Mansonia altissima (A. Chev.) A. 
Chev. and Triplochiton scleroxylon K.Schum 
(Malvaceae) (Amougou et al. 2022). The specific wood 
density was extracted from the Global Wood Density 
Database (Chave et al. 2009; Zanne et al. 2009). Leaf 
phenology at the adult stage, regeneration guilds 
(Hawthrone 1995; Bénédet et al. 2019), and dispersal 
mode (Hawthrone 1995) at the species level. 

c) Tree Logging and Sample Collection 
Tree DBH was measured before trees were 

felled by a diameter tape. One stem disc was collected 
at the base of the trunk of each tree (around 0.5 m from 
the ground or more if buttresses were observed). All 
stem discs were collected with a chainsaw and 
immediately they were divided into two halves and each 
half was divided into three fragments by ensuring that all 

parts of the stem discs were taken (pith-to-bark). 
Randomly, a total of 20 fragments of stem discs were 
collected: 3 fragments of stem discs for M. excelsa, P. 
soyauxii, and T. scleroxylon; 2 for A. bipendensis, C. 
gabunensis, E. cylindricum, E. ivorensis, and 1 for E. 
utile. The samples were transported by plane to the 
Royal Museum of Central Africa in Tervuren, Belgium, 
where they received unique Tervuren wood (Tw) 
identification numbers and were stored in the Xylarium. 
(Table 1). 
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Wood Density Variations of Tropical Trees Differing in Shade-Tolerance and Leaf Phenology of the 
Congo Basin

Fig. 1: a. Map of Study Site: 2013 cutting block (hatched) of Forest Management Unit 10 025 (wheat), the 
neighboring Forest Management Unit (pink), and the major village are also shown, b. the climate diagram for the 
meteorological station in Yokadouma town (1961-2013), c. the inlay shows the location of the study site in 
Cameroon



 

 

Species Family Commercial/Local 
name Tw number DBH 

(cm) 

Specific 
wood density 

(g.cm3) 

Dispersa
l mode 

Regenerati
on guild Phenology 

Afzelia 
bipendensis 

Fabaceae Doussié/ M’banga 
Tw65080, 
Tw69081 

85 0.73 ± 0.05 Animal NPLD Dec. 

Cylicodiscus 
gabunensis 

Fabaceae Okan/Adoum 
Tw65078, 
Tw69079 

65 0.79 ± 0.07 Wind NPLD Brevi. 

Entandrophrag
ma cylindricum 

Meliaceae 
Sapele/Assié 

 
Tw65076, 
Tw69077 

115 0.57 ± 0.04 Wind NPLD Dec. 

Entandrophrag
ma utile Meliaceae Sipo/Asseng-Assié Tw65086 84 0.54 ± 0.04 Wind NPLD Dec. 

Erythropleum 
suaveolens 

Fabaceae Tali/Elon 
Tw65082, 
Tw65083 

52 0.77 ± 0.06 
Unassiste

d 
P Dec. 

Mansonia 
altissima 

Malvaceae Bété/Koul 
Tw65084, 
Tw69085 

64 0.56 ± 0.03 Wind NPLD Dec. 

Milicia excelsa Moraceae Iroko/Abang 
Tw65067, 
Tw67068, 
Tw67069 

102 0.58 ± 0.06 Animal P Dec. 

Pterocarpus 
soyauxii 

Fabaceae Padouk/Mbel 
Tw65073,Tw65
074, Tw65075 

62 0.66 ± 0.07 Wind NPLD Brevi. 

Triplochiton 
scleroxylon 

Malvaceae Ayous/Ayus 
Tw65070, 
Tw69071, 
Tw69072 

92.1 0.33 ± 0.03 Wind P Dec. 

d) Assignment of radial position
On the longest radius section of the fixed

fragment of the stem disc (i.e., bark to pith), a piece of 1
cm wide wood was extracted from each stem disc using
different hand saws (basic, flat, Japanese, splitter, hack,
coping, and square) and two clamps (fixed and mobile)
(Fig. 2.a, b, c). This piece of 1 cm was immobilized in a
fixed clamp and cut using the same saws into ten (10)

small pieces of roughly the same size, reporting the Tw
number of the stem disc followed by the numbers 1 (at
the bark piece) to 10 (at the pith piece) from the bark-to-
the-pith for the ten small pieces (Fig. 2.d). Finally, using
chisels and a wooden mallet, these small pieces were
finely carved on the sides to have uniform pieces (Fig.
2.d.).

a b

c d
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Wood Density Variations of Tropical Trees Differing in Shade-Tolerance and Leaf Phenology of the 
Congo Basin

Table 1: List of the 9 Studied Species with Their Botanical Family, Commercial Name, and Local Name, Tervuren 
Wood Identification Number (Tw); Diameter at Breast Height (DBH) of the Sampled Tree; Wood Density at the
Species Level (Zanne et al. 2009), Dispersal Mode (Meunier et al. 2015), for the Regeneration Guild, P: Pioneer, 
NPLD: Non-Pioneer Light Demander, and SB: Shade Bearer, and for the Leaf Phenology, Dec.: Deciduous, Brevi.: 
Brevideciduous, and ev.: Evergreen (Bénédet et al. 2019)

Fig. 2: Preparation of Wood Fragments for Density Testing, a. Various Saws and a Fixed Clamp, b. Removal using a
Saw of a 1 cm Fragment Lamella on the Longest Section Held Fixed on a Mobile Clamp, C. Removal Using a Saw of
a 1 cm Fragment Lamella on the Longest Section of a Fragment of Stem Disc Held Fixed on an Immobile Clamp, 
and d. 1 cm Fragment Slice Taken, Subdivided, and Numbered from 1 to 10 in Direction (Bark-to-Pith)



      
        

             
          

        
         

             
           

          
           

           
          

         
          
 

 

                                                          

 

                                                          

                     
                         

                      
             

e)

 

Density

 

Determination

 

Density

 

tests

 

were

 

performed

 

on

 

these

 

smaller

 

fragments

 

(pieces).

 

The

 

methodology

 

used

 

for

 

these

 

tests

 

was

 

water

 

displacement,

 

and

 

it

 

was

 

based

 

on

 

the

 

Archimedes

 

principle

 

by

 

displacement

 

water:

 

the

 

volume

 

of

 

a

 

sample

 

is

 

estimated

 

by

 

the

 

mass

 

of

 

the

 

volume

 

that

 

is

 

moved

 

while

 

the

 

sample

 

is

 

immersed

 

in

 

deionized

 

water,

 

according

 

to

 

(Olesen

 

1971;

 

Williamson

 

&

 

Wiemann

 

2010).

 

This

 

method

 

is

 

also

 

called

 

the

 

hydrostatic

 

method.

 

To

 

regain

 

its

 

green

 

condition,

 

the

 

small

 

piece

 

of

 

wood

 

(that

 

had

 

naturally

 

dried)

 

was

 

immersed

 

or

 

soaked

 

in

 

a

 

container

 

filled

 

with

 

demineralized

 

water

 

for

 

a

 

few

 

minutes

 

to

 

the

 

point

 

of

 

saturation

 

of

 

the

 

fibers.

 

This

 

container

 

was

 

under

 

a

 

digital

 

balance,

 

SCLATECSPB53

 

(max.

 

610;

 

0.01

 

g

 

precision),

 

and

 

was

 

calibrated

 

and

 

tared

 

before

 

and

 

after

 

measurement

 

in

 

the

 

digital

 

balance

 

(Fig.3.

 

a,

 

b.).

 

And

 

those

 

samples

 

were

 

immediately

 

weighed.

 

Then

 

the

 

dry

 

weight

 

or

 

mass

 

was

 

obtained

 

by

 

introducing

 

the

 

samples

 

to

 

a

 

Memmert

 

UN75

 

oven

 

for

 

48

 

h

 

(2

 

h

 

at

 

60°

 

C,

 

4

 

h

 

at

 

80°C,

 

and

 

42

 

h

 

at

 

103°C)

 

(Fig.3.b,c.).

 

To

 

achieve

 

constant

 

mass,

 

the

 

oven

 

temperature

 

is

 

gradually

 

increased.

 

To

 

avoid

 

the

 

risks

 

of

 

burst

 

or

 

cracked

 

samples,

 

the

 

dry

 

weights

 

were

 

immediately

 

taken

 

out

 

of

 

the

 

oven.

 

At

 

ambient

 

moisture

 

within the wood laboratory in the RMCA-Tervuren, it was
8 percent. To avoid a constant dry weight, samples were
measured on a digital balance KERN572 (up to 2,100 g;
0.1 g) three times successively (Fig. 3.a.).

a b

c d

Using the formula, wood-specific gravity was
computed as the ratio of each wood's dry mass to its
corrected dry volume (Williamson & Wiemann 2010a).

WSG (8%) = (Md)/ (Vcd)

〖WSG〗 (8%) = (Md)/ (Vcd)

Where Wsd is the wood-specific gravity in
g/cm3, Md is the anhydrous weight in g, and Vcd is the
corrected dry volume in cm3.

III. Results

a) Wood Density Intra and Inter-Radial Variation
ANOVA test results (P > 0.05) showed that

there was radial variation in wood density (WD) for each
tree species and between tree species. These inter- and
intra-specific radial variations in WD were as follows: A.
bipendensis range, 0.65-0.75 g.cm3; and the average
were 0.70 ± 0.05 g.cm3; C. gabunensis range, 0.65-
0.93 g.cm3; and the average were 0.79 ± 0. 14 g.cm3;
E. cylindricum range, 0.64-0.74 and the average were 0.

0.78-0.84 g.cm3 and the average were 0.81 ± 0.03
g.cm3; M. altissima range, 0.61-0.65 g.cm3 and the
average were 0.63 ± 0.08 g.cm3; M. excelsa range,
0.45-0.73 g.cm3 and the average were 0.65 ± 0.08
g.cm3; P. soyauxii range, 0.59-0.69 g.cm3 and the
average were 0.64 ± 0.05 g.cm3 and finally for T.
scleroxylon range, 0.37 - 0.63 g.cm3 and the average
were 0.44 ± 0.07 g.cm3 (Fig.2).

The observation of variations in WD from bark-
to-pith enabled three qualitative types of radial patterns
to be distinguished (Fig. 2.). Type 1 was represented by
a tree species in which WD increased from bark to pith:
A. bipendensis. Type 2 corresponded to tree species in
which WD decreased from the bark to the pith: C.
gabunensis; E. cylindricum; E. utile; E.suaveolens; M.
excelsa; and P. soyauxii. And type 3 was represented by
tree species in which WD values were substantially
equal from bark-to-pith: M. altissima and T. scleroxylon
(Figure 3, Table 2).

69 ± 0.05 g.cm3; E. utile range, 0.51-0.58 and the
average were 0.55 ± 0.03 g.cm3; E. suaveolens range,
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Wood Density Variations of Tropical Trees Differing in Shade-Tolerance and Leaf Phenology of the 
Congo Basin

Fig. 3: Process of Density Tests a. Experimental Apparatus; b. Weighing Of Sub-Fragments To Obtain Fresh Mass; 
c. Removal of Fragments Dried in an Oven for Weighing of Dry Mass; and d. Drying of Wood Fragments in an Oven 
for 48 Hours



and those two timber tree species were not similar with 
WD of A. bipendensis (0.70 ± 0.05 g.cm3)

 

and

 

with WD 
of

 

P. soyauxii

 

(0.64 ± 0.05 g.cm), who is less dense 
wood species in this family. There was also a significant 
difference in the WD of Meliaceae: E. cylindricum with a 
WD of

 

(0.69 ± 0.05 g.cm3) which was not similar to the 
WD of

 

E. utile

 

(0.55 ± 0.03 g.cm3). The WD of Moraceae 
was only for M. excelsa

 

(0.65 ± 0.08 g.cm3). And finally, 
there was also a significant difference between WD 
Malvaceae (M. altissima

 

with a WSG of

 

0.63 ± 0.02 
g.cm3) and WD T. scleroxylon

 

(0.44 ± 0.07 g.cm3) 
(Figure 3).

 

b)

 

Wood Density Shade Tolerance

 

and Phenology

 

These timber tree species were classified into 
three leaf phenological types: brevideciduous, 
deciduous, and evergreen for drought tolerance 
(Bénédet et al. 2019). All these nine timber tree species 
were deciduous and were classified as heavy for the 
lower WSG: E. suaveolens

 

(0.81 ± 0.03 g.cm3); C. 
gabunensis (0.79 ± 0.14 g.cm3);

 

A.

 

bipendensis

 

(0.70 ± 
0.05 g.cm3); E. cylindricum

 

(0.69 ± 0.05); P. soyauxii 
(0.64 ± 0.05 g.cm3); M. altissima

 

(0.63 ± 0.02); M. 
exselsa

 

(0.58 ± 0.06 g.cm3); E. utile

 

(0.55 ± 0.03 
g.cm3); and

 

T. scleroxylon

 

(0.44 ± 0.07 g.cm3). 
Particularly A.

 

bipendensis, C. gabunensis,

 

E. 
cylindricum,

 

E. utile,

 

and E. suaveolens

 

were all 
deciduous; meanwhile, C. gabunensis

 

and P. soyauxii 
were brevideciduous (Table 1; Table 2).

 

At the level of light requirement succession, 
these timber tree species were classified into three 
regeneration guilds: pioneer, non-pioneer light 

demander, and shade bearer (Hawthrone 1995; 
Bénédet et al. 2019). The pioneer species were: E. 

 
 

  

 
   

  

 

 
 

 
 

the WD of the GWDD base: A. bipendensis,

 

0. 70

 

± 0. 
05 / 0. 73 ± 0. 05 g.cm3; P. soyauxii,

 

0. 64 ± 0. 05 / 0. 
66 ± 0. 07 g.cm3. The calculated WD were greater than 
the WD value of the GWDD: E.

 

utile, 0.55 ± 0. 03 / 0. 54 
± 0. 04 g.cm3.  And the calculated WSG were equal to 
the WD of the GWDD: C. gabunensis,

 

0.79 ± 0. 14 / 0. 
79 ± 0. 07 g.cm3. In contrast, the difference was very 
significant for the following species: E. cylindricum

 

0. 69 
± 0. 05 / 0. 57 ± 0. 04 g.cm3; E. suaveolens

 

0. 81 ± 0. 
03 / 0. 77 ± 0. 06 g.cm3; M. altissima

 

0. 63 ± 0. 02 / 0. 
56 ± 0. 03 g.cm3; M. excelsa

 

0. 65 ± 0. 08 / 0. 58 ± 0. 
06 g.cm3and T.scleroxylon 0.44 ± 0.o7 / 0.33 ± 0.03 
g.cm3

 

(Table 2).

 

At the family species level, there was a
significant difference between the WD of Fabaceae: E.
suaveolens, with a WD of 0.81 ± 0.03 g.cm3, was less
similar to the WD of C. gabunensis (0.79 ± 0.14 g.cm3),

suaveolens, with its highest wood density (0.81 ± 0.03 
g.cm3); M. excelsa, with its medium wood density (0.65 
± 0.08 g/cm3); and T. scleroxylon, with its weakest 
wood density (0.44 ± 0.07 g.cm3). And non-pioneer light 
demander species were: C. gabunensis, with its very 
highest wood density (0.79 ± 0.14 g.cm3); A.
bipendensis, with its highest wood density (0.70 ± 0.05 
g.cm3); E. cylindricum, with its highest wood density 
(0.69 ± 0.05 g.cm3); P. soyauxii, with its medium wood 
density (0. 64 ± 0. 05 g.cm3); M. altissima, with its 
medium wood density (0.63 ± 0.02 g.cm3) and E. utile, 
with its lowest wood density (0.55 ± 0.03 g.cm3) (Table 
1; Table 2)

c) Comparison between Estimated Wood Density and 
Database Values

The difference was not significant between the 
calculated and measured WD and those of the Global 
Wood Density Database (Zane et al. 2009), particularly 
for tree species who’s calculated WD were lower than 
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d)

 

Comparison between Estimated Wood Density and 
Database Values

 

The difference was not significant between the 
calculated/measured WD and those of the Global Wood 
Density Database (Zane et al. 2009), particularly for tree 
species who’s calculated WD were lower than the WD of 
the GWDD base: A. bipendensis

 

0. 70 (± 0. 05) / 0. 73 
± 0. 05 g.cm3; P. soyauxii

 

0. 64 (± 0. 05) / 0. 66 ± 0. 07 
g.cm3; the calculated WD were greater than the WD of 
the GWDD and E.utile

 

0. 55 (± 0. 03) / 0. 54 ± 0. 04 
g.cm3

 

and the calculated WSG were equal to the WD of 
the GWDD C. gabunensis

 

0.79 (± 0. 14) / 0. 79 ± 0. 07 

g.cm3. And in contrast, the difference was very 
significant for the following species: E. cylindricum

 

0. 69 
(± 0. 05) / 0. 57 ± 0. 04; E. suaveolens

 

0. 81 (± 0. 03) / 
0. 77 ± 0. 06 g.cm3; M. altissima

 

0. 63 (± 0. 02) / 0. 56 
± 0. 03 g.cm3; M. excelsa

 

0. 65 (± 0. 08) / 0. 58 ± 0. 06 
g.cm3

 

and T. sclexylon

 

0. 44 (± 0. 07) / 0. 33 ± 0. 03 
g.cm3

 

(Table 2).

 

 
 

 
 

 
 

C. gabunensis

M. excelsa

E. utile
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Fig. 4: Variation in Wood Density Measured (G.Cm- ³) at 8 Percent Moisture Content Along the Distance from Bark 
(1) to Pith (10) for the 09 Species Investigated in SFIL, Cameroon



 
 

 
 
 
 
 
 
 

IV.

 
Discussion

 a)

 

Wood Density Intra and Inter-Radial

 

Variation

 
The first aim of our study was to compare the 

variation in WD among and within nine harvested 
tropical tree species, including radial variation within 
individuals. At the light of this analysis conducted on 
stem discs. This results show that specie’s explained 
most wood density radial variance whereas individuals 
explained only a minor part from pith-to-bark. These 
results were consistent with previous observations in 
different part of world (Parolin 2002 Woodcock & Sheir 
2002; Nock et al. 2009; Onada et al. 2010; Hietz et al. 
2013; Osazuwa-Peters et al. 2014; Bastin et al. 2015; 
Plourde et al. 2015; Lehnebach et al. 2019). And 
globally among tropical tree species (Zanne et al. 2009). 
Importantly, the WD values between 0.44 and 0.81 g.cm-

3

 

from this present study were within the range (0.11 to 
1.39 g.cm-3) reported for 2,456 tropical forest tree 
species (Chave et al. 2006). The differences in WD 
between our study and other studies may be due to 
aspects of the growing environment (biotic and abiotic) 
factors.

 
Particularly, the observation of variations in WD 

from bark to pith enabled three qualitative types of radial 
patterns to be distinguished. Type 1 was represented by 
a tree species in which WD increased from bark to pith: 

Species

 
 

No. 
Samples/Ste

m discs 
measured

 

Average WD

 

± 
STD

 

(g.cm-3) at 
humidity 8 %

 

Range WD 
(g.cm-3)

 
[Min-Max]

 

No. values 
are given in  

GWDD

 

WD value 
GWDD ± STD 

(g.cm-3)

 

WD value 
GWDD

 

ran
ge (g.cm-3)

 Afzelia bipendensis

 

(Fabaceae)

 

01/02

 

0.70 (±0,05)

 

[0.65 –

 

0.75]

 

11

 

0.73 ± 0.05

 

0.66 –

 

0.82

 
Cylicodiscus 
gabunensis

 

(Fabaceae)

 

01/02

 
 

0.79 (±0.14)

 

[0.65 –

 

0.93]

 

18

 

0.79 ± 0.07

 

0.62 –

 

0.97

 Entandrophragma 
cylindricum

 

(Meliaceae)*

 

01/02

 

0.69 (±0.05)

 

[0.64 –

 

0.74]

 

16

 

0.57 ± 0.04

 

0.50 –

 

0.63

 Entandrophragma utile

 

(Meliaceae)

 

01/01

 

0.55 (±0.03)

 

[0.51 –

 

0.58]

 

18

 

0.54 ± 0.04

 

0.44 –

 

0.58

 
Erythropheum 

suaveolens

 

(Fabaceae)*

 

01/02

 

0.81 (±0.03)

 

[0.78 –

 

0.84]

 

20

 

0.77 ± 0.06

 

0.69 –

 

0.87

 Mansonia altissima

 

(Malvaceae)*

 

01/03

 

0.63 (±0.02)

 

[0.61 –

 

0.65]

 

23

 

0.56 ± 0.03

 

0.47 –

 

0.63

 
Milicia excelsa

 

(Moraceae)*

 

01/03

 

0.65 (±0.08)

 

[0.45 –

 

0.73]

 

24

 

0.58 ± 0.06

 

0.44 –

 

0.67

 
Pterocarpus soyauxii

 

(Fabaceae)

 

01/03

 

0.64 (±0.05)

 

[0.59 –

 

0.69]

 

14

 

0.66 ± 0.07

 

0.57 –

 

0.81

 
Triplochiton scleroxylon

 

(Malvaceae)*

 

01/03

 

0.44 (±0.07)

 

[0.37 –

 

0.63]

 

24

 

0.33 ± 0.03

 

0.28 -0.41

 

A. bipendensis. Type 2 corresponded to tree species in 

which WD decreased from the bark to the pith: C. 
gabunensis; E. cylindricum; E. utile; E.suaveolens; M. 
excelsa; and P. soyauxii. And type 3 was represented by 
tree species in which WD values were substantially 
equal from bark-to-pith: M. altissima and T. scleroxylon. 
These results confirms the effect of heartwood on WD 
radial variations already suspected (Parolin 2002; Hietz 
et al. 2013).

These findings contrast with the bulk of studies 
on WD radial variations (Parolin 2002; Woodcock & 
Sheir 2002; Nock et al. 2009; Hietz et al. 2013; 
Osazuwa-Peters et al. 2014; Plourde et al. 2015), which 
reported both negative and positive gradients. We 
presume that this difference is mainly due to the failure 
to take into account the presence of heartwood that was 
previously hypothesized by several authors (Parolin 
2002; Hietz et al. 2013). 

b) Wood Density Shade Tolerance and Phenology
Wood density profiles with a decreasing trend 

from bark to pith and a low wood density were not 
systematic for pioneer and non-pioneer light-demanding 
species, but our results demonstrated that the pioneer 
species E. suaveolens showed the very highest wood 
density value, the second highest wood density value 
was for C. gabunensis, and the lowest wood density 
value was found for the pioneer species T. sceroxylon. 
For the nine tree species studied, this assertion was true 
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Table 2: WD of the Measured Samples Per Species Compared to the WD Values in the GWDD. WD Values from the 
GWDD Were Taken for Species Occurring in Africa, as the Measured Species all Originate From Central Africa. an
Asterisk (*) Next to a Species Name Indicates a Significant Difference (P < 0.05) Between the Mean of the 
Measured Values and the Mean of That Species in the GWDD



 

  

 

 

  

 

 

For the nine tree species studied, this assertion was true 
for Type 2: C. gabunensis; E. cylindricum; E. utile; E. 
suaveolens; M. excelsa

 

and P.soyauxii. The opposite 
shade-tolerant species systematically showed high 
wood density values. In our study, shade-tolerant 
species were not available. But Chao et al. (2008) and 
King et al. (2006) formulated the hypothesis that slow-
growing species that invest in dense wood were shade-
tolerant, in particular during the early stages of their 
lives. Other studies also reported that shade tolerant 
species tend to have a much higher WD than do pioneer 
species (King et al. 2006; Ramananantoandro et al. 
2016). One explanation were that pioneer species 
produce a low WD to grow taller than their neighbors, 
thereby acquiring more resources (i.e., light) quickly 
(Woodcock & Shier 2002).The observations of these six 
listed tree species were unlikely to persist in old-growth 
forests, supporting the assumption that strictly light-
demanding species present decreasing trends in wood 
density from bark to pith (Nock et al. 2009; Wiemann & 
Williamson 1988). Type 1: A. bipendensis

 

presents

 

an 
increasing trend in wood density from bark-to-pith. This 
observation was confirmed by Woodcock & Shier 
(2002), who corroborated that the increase in wood 
density from bark-to-pith is often attributed to increased 
light exposure and improved growth conditions in the 
later stages. With possible access to the canopy for 
some trees during ontogeny (Brienen & Zuidema 2006). 
All of this supports the idea that a species' regeneration 
guild may differ between places (Hawthorne 1985) and 
should only be assigned with care. This finding 
emphasises the significant correlation between wood 
density and regeneration guild and backs up the notion 
of a comprehensive wood economic spectrum (Chave 
et al. 009). 

 

It’s clear that the evergreen species invest in 
denser wood, the production of this denser wood induct 
the difficulty of detection of tree ring boundaries in wood 
samples of this species. And the evergreen species 
growth in entire year and during the drought periods. All 
these nine studied timber tree specie’s, were deciduous, 
and there were no a significant difference between them 
(brevidecidious and deciduous). Only two: C. 
gabunensis

 

and P. soyauxii were brevidecidious with a 
second highest

 

density

 

for

 

C. gabunensis:

 

0.79 ± 0.14 
g.cm3. The other seven timber tree species were 
deciduous with highest density for E. suaveolens

 

0.81 ± 
0.03 g.cm3; and lowest density for T. scleroxylon

 

0.44 ± 
0.07 g.cm3. At the light of this exception and results, it’s 
appeared clear that brevidecidious present more heavy 
wood than deciduous species. 

 

c)

 

Comparison between Different Wood Densities

 

The specific wood density of A. bipendensis

 

in 
this study is 83 percent lower than the value obtained by 
(Sallenave 1964; 1971), 96 percent lower than that 

obtained by Zanne et al. (2009), and 106 percent higher 
than that obtained by Fayolle et al. (2013). For C. 
gabunensis,

 

these values were 94 percent lower than 
those of Sallenave (1955) and were equal to the value 
obtained by Zanne et al. (2009). In E. cylindricum,

 

they 
were equal to the value obtained by Sallenave (1955), 
113 percent higher than those of Fayolle et al. (2013), 
and 121 percent higher than those of Zanne et al. 
(2009). For E. utile,

 

the value obtained was 80 percent 
lower than that of Sallenave (1955), 91 percent lower 
than that of Sallenave (1964), and 101 percent higher 
than that of Zanne et al. (2009). The WD value of E. 
suaveolens

 

was 102 percent higher than Sallenave 
(1971), 82 percent lower than the value of Fayolle et al. 
(2013), and 105 percent higher than the value of Zanne 
et al. (2009). In M. altissima,

 

the WD values obtained in 
this study were 106 percent higher than those of 
Sallenave (1964), 85 percent lower than those of Fayolle 
et al. (2013), and 112 percent higher than the value of 
Zanne et al. (2009). In M. excelsa, they

 

were 103 percent 
higher than those of Sallenave (1964) and 112 percent 
higher than those of Zanne et al. (2009). The WD value 
in P. soyauxii

 

was 95 percent lower than that of 
Sallenave (1964) and 97 percent lower than that of 
Zanne et al. (2009). Finally, the WD values obtained in T. 
scleroxylon

 

were 118 percent higher than those of 
Sallenave (1955),

 

125 percent higher, and 133 percent 
higher, respectively, than those of Fayolle et al. (2013) 
and Zanne et al. (2009).

 

Conclusion

In this study, we characterised detailed bark-to-
pith WD profiles between and within nine harvested 
tropical tree species. Our study on WD radial gradients 
in Congo Basin tropical tree species showed an 
exclusively significant positive, neutral, and negative 
pith-to-bark WD gradient.  These unique, site-specific 
details are not included in the global databases that are 
currently in use, which could result in assessments of 
species' functional attributes and estimates of tree 
biomass that are inadequate and erroneous. 

We advise extreme caution when performing 
meta-analyses based on global functional trait 
databases to prevent mistakes brought on by 
insufficient data collection and storage. Regional 
biomass estimates will be improved, and our 
understanding of the functional strategies and 
successional behaviour of tropical tree species will be 
increased by future studies documenting trends in WD 
variance in new locations and forest types.
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Particularly, this study recommends that future 
studies of wood density include the analysis of the effect 
of vertical variation with long-term phenological data and 
anatomical analysis in the same species and use a large 
sampling size including individuals of both the same 



 

 

 

 

and different species to facilitate the analysis of the 
radial and vertical structure.
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