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Abstract
The ﬁber characteristics and basic density of Acacia melanoxylon were investigated for its
potential as a raw material for pulp and paper production. Six trees from the even-aged stand
and similar diameter class were selected randomly from the Chencha district of Ethiopia. Wood
disks were systematically cross-cut from a log along tree height levels, at the bottom (10%),
middle (50%) and top (90%) of the merchantable height and blocks of wood (2 cm x 2 cm x 2 cm)
were taken from pith to periphery at near pith (10%), middle (50%) and near bark (90%) of disk
radius. Fiber maceration and basic density were determined, by 50% nitric acid solution and
water displacement method respectively. All the data were analyzed using a two-way analysis
of variance at α = 0.05. The ﬁber characteristics of the selected trees; the ﬁber length, ﬁber
diameter, lumen diameter and cell wall thickness were measured while the-slenderness ratio,
Runkel ratio, ﬂexibility coeﬃcient and wall coverage ratio of the ﬁbers were derived from the
measured ﬁber dimensions. The result showed that- the overall mean were, 1.04 mm, 21.60
μm, 15.36 μm, 3.75 μm, 0.48, 48.05%, 71.10%, 0.34 and 0.56 g/ml, for ﬁber length, ﬁber width,
lumen diameter, cell wall thickness, Runkle ratio, slenderness ratio, ﬂexibility ratio, wall coverage
ratio and basic density, respectively. Generally, Acacia melanoxylon wood is suitable for pulpand-paper-production, to due-to-its adequate-ﬁber dimension, derived ﬁber value and basic
density. Therefore, attention should be given to tree growers, government and non-governmental
organizations on the plantation expansion of Acacia melanoxylon.

Introduction
Global paper consumption is expected to increase to 500
million tons by 2025, which is about 1.6% growth a year
[1,2]. The consumption of paper-and paperboard products
increases continuously due to numerous reasons, which
include population growth and industrialization in developing
countries [3]. This ever-increasing demand for paper forces
countries of the world to ind technically and economically
viable iber sources to supplement forest-based resources for
pulp and paper production [4].
Pulp is produced from hardwood, softwood and agroresidues. Hardwood and softwood pulping account for 95%
of the total worldwide pulp production and the rest 5% comes
from non-wood raw materials, mainly agro-residues and
grasses [5]. The demand for paper and paperboard products
in Ethiopia has grown fast with endless development. For
https://doi.org/10.29328/journal.acee.1001041
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instance, according to ERCA [6], the demand is growing by
10% every and in 2003 average annual domestic production
of paper was 7,266 tons while in the same year 127,132 tons
of paper have been imported which means the average total
supply of paper during the period under consideration was
134,398 tons per annum, of which only about 5% was locally
produced.
Hence, the consideration of some fast-growing wood
species in the Ethiopia forest as a potential iber source for
pulp production is the right step toward meeting the demand
for pulp and paper. However, before recommending any wood
species for pulp and paper production, adequate information
on iber characteristics and chemical composition is important,
since they affect the quality of pulp and pulp products [7].
Fiber characteristics have been considered to be the most
important factor for determining the degree of ef iciency of
www.civilenvironjournal.com
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wood species in pulping [8]. The strength property of paper
depends on the characteristics of its iber. It is frequently
correlated with the physical and mechanical properties of
paper and paperboard [9]. Morphological characteristics of
the iber, such as iber length and width, are important
parameters in estimating the qualities of pulp [10].
Basic density in luences the end-use properties of the solid
wood and those of the corresponding iber products, such as
pulp yield and paper quality [11]. It is also an indicator of
energy consumption during pulping [12].
There are many indigenous and exotic woody species
grown in Ethiopia which could be considered for their
suitability as raw material for pulp and paper production.
The usage of species as raw material for pulp, paper and
cellulose-based industries is minimized every day and the
wood imports exhaust the country’s foreign currency [13,14].
In Ethiopia, only very few plant species have been studied as
raw materials for pulp and paper products such as Yushinia
Alpina [15].
Acacia melanoxylon is one of the several Australian
acacia species introduced to Ethiopia. This species has been
distributed widely in cooler and wetter upland areas, Moist
and Wet Kolla Weyna Dega and Dega agroclimatic zones and
used mainly for irewood, charcoal, timber (light construction,
plywood, looring, fence posts, shade, ornamental, windbreak,
gum and tannery). It is a very fast-growing tree species to a
height of 35 m and produces hard and valuable timber [16].
This species reproduces mainly by seed, which is known to
germinate proli ically after the ire. It also sprouts profusely
from root suckers, particularly when the roots are damaged
and readily coppices from damaged stems.
Even though the wide range of use of this species, is fastgrowing, its ability to coppice and its adaptation to different
parts of Ethiopia, its quality for pulp and paper products were
not known. Therefore, this study aimed to investigate the
iber characteristics and basic density of A. melanoxylon as a
potential raw material for pulp and paper production.

Materials and methods
Description of the study area
The study sample trees were taken from Chencha Woreda,
SNNP region, which is located 37 kilometers North of
Arbaminch and 500 kilometers from the capital city of Addis
Ababa [17]. It is located 37o 26’0” - 37o 40’0” E and 6o 8’0”- 6o
26’0” N longitude and latitude respectively. The annual rainfall
distribution of the area varies between 900 mm to 1200 mm
(Figure 1).
Sample collection and preparation
For investigation of iber characteristics and basic density,
wood disks were systematically cross-cut from a log along
tree height levels, at the bottom (10%), middle (50%) and top
https://doi.org/10.29328/journal.acee.1001041

(90%) of the merchantable height [18], and from each disk
sample were taken from pith to periphery at near pith (10%),
middle (50%) and near bark (90%) of the disk radius to
perceive variations in iber characteristics and basic density
from pith to periphery.
For iber dimension, matchstick size (1 cm × 0.2 cm × 0.2 cm)
was taken and 50% nitric acid was used for maceration
processes since it consumes less time and economical method
[19]. Matchstick-size samples were taken in test tubes,
immersed completely in nitric acid solution, and kept in
a water bath at 70 ºC for 5 to 6 hrs to get separated white
colored. After cooling, nitric acid was drained and macerated
ibers were washed with distilled water and iltered using
Whatman Grade 1 ilter paper for separation of ibers [19].
Two slides were prepared per sample and images were taken
by using a camera-attached Motic BA210 microscope. Then
the dimensions of 50 ibers were measured [20] using the
Motic software.
For cell measurement, the specimen was softened in warm
water below 100 ºC for one hour and slices were cut by using
a Leica sliding microtome with a thickness of 20 μm [20]. Then
the slice was immersed in safranin solution and 25%, 50% and
75% of alcohol concentrations respectively for one minute to
remove excess safranin solution that may cause invisibility
of cells [21]. Finally, the specimens/slice were immersed in
xylene for 1 minute and put on the slide (standard 7.5 cm ×
2.5 cm). The small amount of Canada balsam was dropped and
covered using a slide cover and kept to dry.
Then an image was taken with a camera-attached Motic
BA210 microscope and 30 cells from each distance from pith
lumen diameters and cell wall thickness were measured from
each distance from the pith [20], by using the Motic software.
The equations used for the computation of the derived values:
Runkel ratio [22], slenderness ratio [23], lexibility coef icient
[24] and wall coverage ratio [25], are expressed as equations
1 to 4.
Runkle ratio=

2XCell wall thickness
Fiber Lumen Diameter

Slenderness ratio=

Fiber length
x100
Fiber Width

Flexibility coefficient=

Wall coverage ratio=

Fiber Lumen DiameterX100
Fiber Diameter

2XFiber Wall thickness
Fiber Diameter

(1)
(2)
(3)
(4)

For basic density the specimens of wood were cut at three
distances from the pith (10%, 50% and 90% of the radius
length) [26] by the dimension of 20 mm x 20 mm x 20 mm
according to ASTM D14394 [27], to perceive variations in
basic density from pith to periphery from each disk. The
volume of each specimen was determined by immersing the
sample in water containing a beaker and water displaced
www.civilenvironjournal.com
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Figure 1: Map of the sample collection area.

from the beaker (in milliliter) by the submerged sample was
recorded. Then each specimen was dried in an oven drying
machine at a temperature of 105 ºC for 24 hrs and re-weighed
until a constant weight was obtained. The oven dry weight
of each sample was measured and recorded. Finally, basic
density was calculated by dividing the oven-dry weight of the
sample (gm) by the volume of displaced water at green (ml).
Statistical analysis
Statistical analysis was conducted using the SPSS program
in conjunction with analysis of variance (ANOVA). Duncan’s
multiple range test (DMRT) was used to compare mean values
for each iber dimension and basic density along height levels
and from the pith to the periphery at α = 0.05.

Figure 2: Variation of ﬁber length along tree height levels (a), distance from the pith
(b); Mean with diﬀerent letter are signiﬁcant (p < 0.05).

Variation of ϐiber length along tree height and from pith
to periphery: Fiber length is an important iber dimension
that affects pulp quality and paper strength [28]. Wimmer, et al.
[11], also reported that the iber length of E. globulus had a
strong effect on pulp yield and freeness, as well as active alkali
consumption, in addition, to tear index and bending stiffness.

et al. [29], on A. melanoxylon wood. The decreasing trend
of iber length from bottom to top observed in this study
could be due to the fact that minimal net photosynthetic for
cell development at the top caused by competition for leaf
and branch development leads to better cell production at
the bottom [30]. The increase of iber length from pith to
periphery could be explained based on the increase in the
length of cambial initials with increasing cambial age and
crown formation [31]. Furthermore, due to many molecular
and physiological changes that normally occur in the vascular
cambium during the aging process [32]. The cells produced in
the primary xylem divide less frequently, thus allowing more
time for the fusiform initial section to elongate longitudinally
and transversely [33].

This study showed that iber length ranged from 1.01 mm
to 1.07 mm along tree height and 0.99 mm to 1.08 mm from
pith to periphery of the disks. It varied signi icantly along tree
height levels (Figure 2a) and from the pith to the periphery
(Figure 2b) at p < 0.05. Fiber length decreases from bottom to
top portions however, it increases from pith to periphery. The
general decrease in iber length from the bottom to the top
and its corresponding increase from near pith to periphery
observed in this study had earlier been reported by Tavares,

The mean value in iber length obtained in this study
(1.04 mm) is close to previously reported by Tavares, et al.
[29], which ranges from 0.91 mm to 0.97 mm, along with
tree height levels and 0.75 mm to 1.06 mm from pith to the
periphery of A.melanoxylon. But, the result was higher than
the report of Santos, et al. [34], which ranges from 0.63 mm
to 0.66 mm on the same species. This difference may be due
to the age variation of sample trees since iber length increase
with the age of the tree [31].

Results and discussion
Fiber characteristics

https://doi.org/10.29328/journal.acee.1001041
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The result is also similar to pulpwood species: Gmelina
Arborea (1.03 mm), Leucaena leucocephala (1.01 mm) [35] and
Eucalyptus species (0.67 mm - 1.06 mm) [36,37]. Moreover,
the results were in line with other acacia species, namely;
Acacia mangium which ranges from 0.96 mm to 1.20 mm [38]
and Acacia bilimekii (1.016 mm - 1.201 mm) [39]. Since the
result obtained in iber length is similar to other pulpwood,
the studied species is suitable for pulp and paper making.
Fiber width, lumen diameter and cell wall thickness
Variation along tree height levels: The result obtained
in iber width, lumen diameter, and cell wall thickness along
tree height of A. melanoxylon were presented in Figure 2.
Along with tree height, iber width ranges from 21.43 μm to
21.8 μm. Duncan, multiple range tests showed that iber width
was insigni icant along height levels at p < 0.05 (Figure 3) and
it decreases from the bottom to the top of a tree. The mean
iber width obtained in this study (21.60 μm) was higher
than previously reported by Santos, et al. [40], (19.55 μm)
and Santos, et al. [34] (17.6 μm) on the same species.
This difference may be due to the geographical location
and age of the sample trees. The result is also higher than
pulpwood species such as E. globulus. Accordingly, Santos,
et al. [41], observed values ranging from 18.3 μm to 19.3 μm, on
A. melanoxylon and Miranda, et al. [42], reported 14.5 μm to
22.2 μm, of iber width.
The decreasing trend of iber width from base to top
observed in this study could be due to the fact that minimal
net photosynthetic for cell development at the top caused by
competition for leaf and branch development leads to better
cell production at the base [30].
The lumen diameter of A. melanoxylon ranges from 15.08
μm to 15.6μm along the height levels. Duncan’s multiple range
test showed lumen diameter was insigni icant along tree
height levels at p < 0.05 (Figure 3). It decreases from bottom
to top of tree portions. Lumen diameter affects the pulping
process. For instance, a larger lumen diameter gives better
pulp beating because of the penetration of liquid into empty
spaces of the ibers [43].
The cell wall thickness ranges from 3.71 μm to 3.84 μm
along the tree height of A. melanoxylon. Analysis of variance
carried out at a 5% probability level showed that cell wall

Figure 3: Variation of ﬁber characteristics along tree height levels. The mean of the
same ﬁber dimension with the diﬀerent letters is signiﬁcantly diﬀerent (p < 0.05).

https://doi.org/10.29328/journal.acee.1001041

thickness was insigni icant difference along tree height at
p < 0.05 (Figure 3). It decreases from bottom to top of tree
portions. The result obtained was lower than other pulpwood.
For instance, in E. globulus it ranges from 5.4 μm to 7.3 μm
along height levels with decreasing trend from the bottom to
the top of the tree [44].
Wood with thick cell walls tends to produce paper with a
poor printing surface and poor burst strength. Thick-walled
cells do not bend easily and do not collapse upon pulping,
which inhibits chemical bonding. However, thin-walled
cells collapse upon pulping, bond well together chemically
and produce a smoother paper surface [45]. Therefore,
A. melanoxylon has better than E. globulus for pulping in terms
of its cell wall thickness.
Variation across from pith to periphery
The iber dimensions of A. melanoxylon wood at different
distances from pith to bark are presented in Figure 4. Across
the distance from the pith, iber width ranges from 21.2 μm to
22.1 μm. Duncan multiple range tests showed that iber width
was signi icant between the near pith and at the periphery,
although both sections were insigni icant varied with the
middle section of a disk at p < 0.05 (Figure 4). Across the
distance from the pith, iber width increased from the pith
to periphery. A similar trend was reported by Izekor and
Fuwape [46], on Teak and Ogunsanwo [8], on T. scleroxylon.
The reason for this trend was attributed to the in luence of
cambium age on the development and maturation of iber
from pith to bark [30].
From the pith to the periphery of A. melanoxylon, the mean
lumen diameter ranges from 15.08 μm to 15.63 μm (Figure 4).
Analysis of variance carried out at a 5% probability level
showed that lumen diameter was insigni icant difference
where it increases from pith to periphery (Figure 4). The
increase in lumen diameter from pith to the periphery is
attributed to increase in cell size and active physiological
development of the wood as the tree grows in girth [30].
The cell wall thickness ranges from 3.5 μm to 3.95 μm
across from the pith to the periphery of the disk of
A. melanoxylon wood. Analysis of variance carried out at a 5%
probability level showed cell wall thickness was insigni icant
variation between middle and at near bark, however, both

Figure 4: Variation of ﬁber characteristics across the distance from pith.
The mean of the same ﬁber dimension with diﬀerent superscripts is signiﬁcantly
diﬀerent (p < 0.05).
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the inner section of the disk showed a signi icant difference
to near pith at p < 0.05 (Figure 4). Cell wall thickness increase
from near pith to the periphery of the disk. The increase of
cell wall thickness from pith to periphery was also previously
reported by Tavares, et al. [29], on A. melanoxylon wood.
The result obtained in cell wall thickness was similar to
Tavares, et al. [29], which ranges from 3.45 μm to 3.89 μm. It
is also similar to Eucalyptus species (3.29 μm - 3.86 μm) [36].
However greater than Jorge [47], which ranges from 1.8
μm to 2.5 μm, and higher than Santos, et al. [24], which has
2.00 μm and 2.40 μm in earlywood and latewood respectively,
on A. melanoxylon. The result was less than A. cochliacantha
which increases 5 μm to 7 μm from pith to bark [39]. This
difference may be due to different species, ages and growing
environments of sample trees since it affects wood iber
properties [48] (Table 1).
Derived ﬁber values
Derived ϐiber values along tree height: Derived values
from the fiber dimensions are important to determine the
suitability of the material for paper production. Based on
Table 2 the mean values of the Runkle ration ranged from
0.48 to 0.49. Duncan’s multiple range tests showed that there
is no statistically signi icant difference in Runkle ratio along
tree height levels at p < 0.05 (Table 2).
The mean values of the slenderness ratio obtained along
tree height levels range from 47.13% to 49.08% (Table 2).
It has higher in the bottom and minimum at the top portion.
Duncan’s multiple range test showed that there is no
signi icant variation in slenderness ratio between portions
at p < 0.05 (Table 2). The slenderness ratio is related to iber
length and width and in luences paper sheet density and
increases tearing resistance [49].
The mean values lexibility coef icient along tree height
levels of A.melanoxylon ranges from 70.36% to 71.56% and
it decreases from the bottom to the top of the tree portion.
Analysis of variance carried out at a 5% probability level show
Table 1: Summary of analysis of variance for ﬁber characteristic
Source of variation
Height

Mean square and statistical signiﬁcance
DF

FL

FW

LD

CWT

2

0.018*

0.611 ns

1.267 ns

0.096 ns

Section

2

0.033*

3.773 ns

1.340 ns

0.955*

Height x Section

4

0.000 ns

0.395 ns

0.550 ns

0.041 ns

Note: FL: Fiber Length; FW: Fiber Width; LD: Lumen Diameter; CWT: Cell Wall
Thickness; ns: not signiﬁcant at p > 0.05, *signiﬁcant at p < 0.05.

N

Runkle ratio

The mean values obtained in the wall coverage ratio along
tree height range from 0.34 to 0.35 and it decreases from the
bottom to top portion of the tree. Duncan multiple range tests
show that there is no signi icant difference in wall coverage
ratio between portions at p < 0.05 (Table 2). The wall coverage
ratio is an index for bending resistance [25] and is related to
iber lexibility [50].
Derived ϐiber values from pith to periphery: From the
pith to the periphery of the disk the mean values of the Runkle
ration range from 0.46 to 0.50. Analysis of variance carried
out at a 5% probability level showed that the Runkle ratio was
signi icantly varied between the near pith and at near bark,
however, both the inner sections were insigni icant variation
to the middle at p < 0.05 (Table 3).
This value agrees with those previously reported by
Santos, et al. [40], Anjos, et al. [51] and Santos, et al. [24] on
A. melanoxylon. Furthermore, the potential of E. globulus
wood for pulp and paper is well known and its Runkle value
was 0.56 as reported by Patt, et al. [52]. According to Kiaei, et
al. [53], the Runkel ratio is a parameter used to determine the
suitability of raw material for pulp. Ona, et al. [54] reported
that the Runkel ratio is signi icantly related to pulp yield
(positively) and digestibility (negatively). Santos, et al. [24]
previously reported that, if the Runkle ratio < 1, the iber is
highly appropriate for pulp and paper production, from 1 to 2
is regular and above 2 it may not be used for paper. All Runkle
ratio values obtained in this study along tree height and
distance from pith were lower than 1 (Tables 2,3), suggesting
good potential for pulp and paper production.
Based on Table 3 the mean values obtained in slenderness
ratio from pith to periphery range from 46.69% to 48.86%
and it increases from inner to outer wood. Duncan’s multiple
range test shows that there is no statistical signi icance
variation in slenderness ratio from the pith to the periphery
at p < 0.05. Ververis, et al. [37], reported that iber with less
than a 70 slenderness ratio is not appropriate to use as raw
material in the pulp and paper industry. Hence, in terms of
its slenderness ratio, A. melanoxylon is not suitable for pulp
and paper production since the value obtained is less than
the accepted standard (70%) both along tree height and from
the pith to the periphery of the disk. According to Ogunjobi,
et al. [55], pulp tear resistance increases with increasing iber
Table 3: Mean and standard deviation of derived ﬁber values across the distance
from the pith.

Table 2: Mean and standard deviation of derived ﬁber values along the height.
Derived ﬁber values

that, there is no signi icant difference in lexibility coef icient
along tree height (Table 2).

Sampling height (%)

Derived ﬁber values

N

0.49 ± 0.04a

Runkle ratio

48.19 ± 3.76a

47.13 ± 3.27a

71.56 ± 4.66a

71.36 ± 4.15a

0.35 ± 0.03

0.34 ± 0.04

Bottom (10%)

Middle (50%)

Top (90%)

18

0.49 ± 0.05a

0.48 ± 0.05a

Slenderness ratio

18

49.08 ± 3.12a

Flexibility coeﬃcient

18

Wall coverage ratio

18

a

a

Middle (50%)

18

0.46 ± 0.04a

0.49 ± 0.06ab

0.50 ± 0.04b

Slenderness ratio

18

46.69 ± 3.79a

48.37 ± 2.95a

48.86 ± 3.44a

70.36 ± 4.41a

Flexibility coeﬃcient

18

71.13 ± 4.76a

71.48 ± 4.08a

70.72 ± 4.43a

0.34 ± 0.03

Wall coverage ratio

18

0.33 ± 0.02

0.35 ± 0.04

0.35 ± 0.02b

a

The mean of the same row with diﬀerent superscript are signiﬁcantly diﬀerent (p < 0.05).

https://doi.org/10.29328/journal.acee.1001041

Distance from the pith (%)
Near pith (10%)

a

b

Near bark (90%)

The mean of the same row with diﬀerent superscript are signiﬁcantly diﬀerent (p < 0.05).
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slenderness. This means paper made from A. melanoxylon
would have low tear strength and therefore may not be
suitable for wrapping and packaging purposes.
The value obtained in the lexibility index ranged from
70.72% to 71.48% across from the pith to the periphery and it
was higher in the middle section of the disk (Table 3). Duncan’s
multiple range test showed that there was no signi icant
difference in lexibility coef icient from the near pith to the
periphery of the disk at p < 0.05 (Table 3). The overall mean
value obtained in lexibility coef icient was similar to previous
work of Santos, et al. [24] on A. melanoxylon wood, which is in
the range of elastic iber (50% - 75%). Additionally, the value
is similar to other known pulpwood. For instance, E. globulus
species (72%) and E. camaldulensis (70%) [54]. According
to Hemmasi, et al. [56], the lexibility coef icient (FC) can be
divided into four classes: high elastic ibers with FC over 75;
elastic ibers with FC between 50 and 75; rigid ibers with FC
between 30 and 50; highly rigid ibers with FC less than 30.
Furthermore, the values of the lexibility index ranging from
50% to 75% will produce good paper with high strength
properties [57]. According to this classi ication, the lexibility
coef icient of A. melanoxylon ibers is 71.10, so it is included
in the elastic ibers group and satis ies the requirement for its
suitability for pulp and paper production.
The mean values obtained in the wall coverage ratio
from the pith to the periphery of A. melanoxylon range from
0.33 to 0.35 and it is higher at the periphery of the disk.
Duncan’s multiple range test shows that there is no signi icant
difference between middle and near bark, while both sections
were signi icant to a near pith at p < 0.05 (Table 3). According
to Nisgoski, et al. [58], a material with a wall coverage ratio
value less than 0.4 is considered to be good pulpwood since it
is not too rigid. Therefore, A. melanoxylon is suitable for pulp
and paper production, since the value obtained ful illed the
accepted standard Table 4.
Basic density
Basic density is an important parameter in pulping
properties: Wood with a low basic density produces paper
with high sheet density; tensile, bursting, and folding strengths;
and lower resistance to beating; but with low pulp yield and
tearing strength [40,59]. The overall mean basic density
observed in this study was 0.56 g/ml which ranges from
0.53 to 0.607 g/ml. Basic density signi icantly varied between
the bottom and the top portion, while both portions were
insigni icant to the middle portion along tree height levels

at p < 0.05 (Figure 5b). From pith to periphery of the disk,
basic density was signi icantly varied at p < 0.05 (Figure 5a).
It decreases from bottom to top and increase from pith to
periphery in A. melanoxylon wood.
The continuous reduction in basic density with height in
the tree from bottom to the top and its corresponding increase
from near pith to periphery observed in this study had earlier
been reported in the wood of A. melanoxylon [26,60] and
E. globulus [61]. Additionally, its signi icant variation from
pith to periphery was also previously reported by Machado,
et al. [26].
The mean basic density obtained in this study was
similar to the values of the previous study on A. melanoxylon.
Accordingly, Nicholas and Brown [60] report between 0.465
to 0.670 g/cm3 for 70 years-old trees; a range from 0.432
to 0.649 g/cm3 for 40-years-old with signi icant variation at
different height levels [40] and Ilic [62], reported from 0.546
to 0.566 g/cm3 on the same species. The result obtained in
this study also compared with the density of other woody
species growing in Ethiopia. For instance, the value is similar
to Hagenia abyssinica (0.56 g/cm3), Pouteria adol i-friederici
(0.60 g/cm3) and Juniperus procera (0.54 g/cm3). However, it is
higher than the density of Cupressus lusitanica (0.430 g/cm3),
Pinus patula (0.450 g/cm3) and lower than those of E. globulus
(0.780 g/cm3) and E. camaldulensis (0.853 g/cm3) [13,63].
The result is also compared to other acacia species:
For instance, the value is similar to A. auriculiformis (0.57
g/cm3) [64].
However, the value is higher than A. mangium wood with
0.42 and 0.45 g/cm3 for 5 and 7-years old trees respectively
[65]. This higher value may be due to age and species
differences since it affects the density.
The highest values of basic density at the stem base (old)
and lower at the top (young), obtained in this study, may come
from a combined effect of cambial age and in luence from the
root system [26]. Basic density in luences pulp yield and paper
quality [11]. According to Clark and Hicks [66], the preferred
range for wood density in pulp and paper production is
between 0.4 g/cm3 to 0.6 g/cm3. Therefore, the wood density
of A. melanoxylon was suitable for pulp and production.

Table 4: Summary of analysis of variance for derived ﬁber properties.
Source of variation
Height

Mean square and statistical signiﬁcance
DF

RR

SR

FC

WCR

2

0.000 ns

20.649 ns

7.271 ns

0.000 ns

Section

2

0.009 ns

17.594 ns

2.582 ns

0.004 ns

Height x Section

4

0.001 ns

4.737 ns

18.896 ns

0.000 ns

Notes: RR: Runkle Ratio; SR: Slenderness Ratio; FC: Flexibility Coeﬃcient; WCR:
Wall Coverage Ratio; ns: not signiﬁcant at p > 0.05, *signiﬁcant at p < 0.05.

https://doi.org/10.29328/journal.acee.1001041

Figure 5: Variation of basic density distance from the pith (a) and along height
levels (b).
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Conclusion
The iber characteristics and basic density were
investigated from the wood of Acacia melanoxylon trees
growing in the Chencha district of Ethiopia to determine the
usefulness of these trees as iber resources for pulpwood
production. Compared to the wood properties related to pulp
and paper quality with those of Acacia and Eucalyptus species
currently used for commercial pulpwood, A.melanoxylon
showed better properties.
All iber dimension decrease from bottom to top portion
however, it increases from pith to periphery of disks and
insigni icantly varied along the tree height levels, except the
iber length which is highly signi icant at p < 0.05. Derived
iber values decrease from bottom to top portions and
increase from pith to periphery. Since there was no signi icant
variation in all the derived iber values between tree heights,
any part of the tree portion may be utilized for pulp and paper
production. Basic density decreases from the bottom to the top
and signi icantly varies between the bottom and top portions.
However, it decreases from pith to periphery and is highly
signi icant at p < 0.05. Generally, A. melanoxylon wood gave
a good indication of its properties which is becoming a raw
material for the pulp and paper industry due to adequate iber
dimensions, basic density, and its derived iber values, except
slenderness ratio which is lower than the accepted standard.

laboratory facilities for this work. Additionally, thank goes
to all individual friends and staff those supported and shared
their thoughts until the completion of this work.
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