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The objective of this study was to investigate the fiber properties of Acacia
decurrence as an alternative raw material quality evaluation for pulp and
paper production. Trees from an even aged stand with a similar stem
diameter class were selected randomly. Wood discs were cross cut
systematically from a log at the bottom (10%), middle (50%), and top (90%)
position along the merchantable height, as well as a block of wood (2 cm x 2
cm * 2 cm), was taken from pith to periphery: at near pith (10%), middle
(50%), and near bark (90%) of disk radius. Fiber properties were
determined, and their change with tree height and distance from the pith to
the bark were evaluated. The fiber length, fiber width, lumen diameter, and

cell wall thickness were measured while the derived fiber values were
computed from the measured fiber dimensions. All the data were analyzed
using a two way analysis of variance. The results showed that the overall
means were 1.37 mm, 39.60 pm, 9.68 um, 1.93 pm, 0.39, 35.38, 24.82, and
0.09 for fiber length, fiber width, lumen diameter, cell wall thickness, runkle
ratio, slenderness ratio, flexibility coefficient, and wall coverage ratio,
respectively. A. decurrence was found to fulfill most of the derived fiber values
for pulp and paper production, as any part of the tree portion along tree
heights and from the pith to the periphery can be utilized for pulp and
paper production.

Keywords: Derived fiber values; Fiber dimension; Tree portion; Pith to
periphery; Pulp and paper

INTRODUCTION

The pulp is made of hardwood, softwood, agricultural residues, and

other similar lignocellulosic materials. Hard wood and softwood pulp
represent 95% of total global pulp production, with the remaining 5%
coming from lignocellulosic materials, mainly agricultural residues and
grasses [1]. World paper consumption in 2025 will be 500 million tonnes,
an increase of around 1.6% per year. Pulp and paper consumption has
increased globally and will continue to increase in the near future due to
many reasons, which include population growth and industrialization in
developing countries.

Ethiopia has a paper and paperboard per capita consumption of 1 kg per
person per year, which has been growing by 10% every year. The
consumption of paper and paper products is growing faster in Ethiopia due
to the expansion of education and the rapid increase in disposable income.
Perpetuated by these factors, the craving for paper has grown in Ethiopia.
However, the country has not matched that appetite with sufficient local
production to meet the mounting demand. There is a large outflow of funds
for the purchase of pulp, paper and paper based articles. Ethiopia, on
average, imported about USD 17 million worth of pulp from wood or other
fibrous cellulosic material and USD 349 million worth of paper and
paperboards. A continued supply of paper to meet these growing demands
would require additional suitable raw materials to complement traditional
sources of diminishing raw materials [2].

Despite the presence of many fast growing, widely agro ecologically
adaptable indigenous and exotic woody species, imports of forest products,
including pulp and paper, from other countries are increasing at an
alarming rate in Ethiopia. The Acacia decurrens tree belongs to the species of
Acacia section Botrycephalae, which is characterized by bi-pinnate adult
foliage and flower heads, which are normally arranged in elongated racemes
and are found in temperate areas of eastern and southeastern Australia. It is
endemic in New South Wales, where it occurs chiefly on the coast and
tablelands from the Hunter Valley south to the Australian Capital Territory.
A. decurrens are shapely erect trees that grow to be 5-10 meters tall but

sometimes attain 20-22 meter under favourable conditions, commonly with
single, straight main stems, strong, shallow lateral roots [3].

A. decurrens was introduced into the central highlands of Ethiopia in the
early 1990’s as short rotation forestry to counter urban firewood shortages
arising from deforestation. It was introduced into state owned plantations in
the north western Highlands around the same year. A. decurrens is an
excellent source of fuel wood, pulpwood, hardboard production, building
poles, tanning of hides, mine props, fence posts, valuable timber species,
etc.

Fiber properties and derived fiber indices that determine the pulp vyield,
pulp and paper quality of the wood of A. decurence are not well documented,
even though it is an abundant species. Therefore, the aim of this study was
to evaluate the fiber properties of A. decurrence, in the context of potential
raw material quality evaluation for pulp and paper production [4].

MATERIALS AND METHODS

Site description

The study sample was taken from Debremarkos in the Amhara region,
which is located 300 km northwest of Addis Ababa. The study area has a
latitude and longitude of 10° 17'30"10°22'30"N and 37° 42' 0"-37°45'0"E
respectively, with elevations ranging from 1283 to 2500 meters above sea
level (Figure 1). The average temperature is 16.1°C, with minimum and
maximum ranging from 9.7°C to 22.5°C [5].
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Figure 1: Map of sample collection area.

Sample collection technique

The samples were collected from a five year old managed stand of Acacia
decurrence in the Amhara forest enterprise, Debremarkos area. For sample
tree selection, two plots with a size of 10 m x 10 m and a spacing distance of
20 m between the plots were laid down. Trees with merchantable log size,
good morphological quality, a straight trunk, and no disease or pest
symptoms were marked with numbers in each of the two plots. Thereafter,
three trees were randomly selected from the tagged trees found in each plot.
Totally, six trees were selected from the two plots according to the ASTM
D143-83 standard. For the study, one disc was taken from each of the
selected trees at the bottom (10%), middle (50%), and top (90%), for a total
of 18 discs. Each disc was immediately clearly labeled and put into plastic
bags in order to avoid moisture loss. Finally, all discs were taken to the
laboratory of the forest products innovation center for further processing

[6].

Sample preparation

The collected discs from bottom, middle and top parts were further
transversally marked for the investigation of fiber properties, as shown on
Figure 1 and sample specimens were taken at the discs near pith (10%),

middle (50%) and near bark (90%) radii [7].

For the fiber dimension (length and width), matchstick sizes of (1 cm x 0.2
cm % 0.2 cm) were taken from pith to periphery, and 50% nitric acid was
used for maceration because of its shorter reaction time and its being more
economical when compared to other methods. Matchstick size samples were
taken and immersed completely in a nitric acid solution, and kept in a
water bath at 70°C for 5 to 6 hours, until the fiber was separated. The nitric
acid was drained after cooling, and the macerated fibers were washed with
distilled water and filtered through what man grade 1 filter paper with the
fibers remaining on the paper. Two microscopic slides were prepared per
sample, and images were taken using a camera attached Motic BA210
microscope. Then the dimensions of 50 fibers were measured using the
Motic software [8].

For cell diameter, lumen diameter, and cell wall thickness measurement, the
specimens were softened in warm water below 100°C for one hour, and
microtome slices were cut by using a Leica sliding microtome with a
thickness of 20 um. Then the slice was immersed in safranin solution and
25%, 50%, 75%, 90%, and 97% of alcohol concentrations, respectively, for
one minute so as to remove excess safranin solution that may cause the
invisibility of cells. Finally, the specimens were immersed in xylene for 1
minute and put on the slide (standard 7.5 cm x 2.5 cm). A small amount of
Canada balsam was dropped on the slide, which was then covered with the
slide cover and allowed to dry (Figure 2) [9].
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Figure 2: (A) Measurement of lumen diameter; (B) Fiber length.

Thereafter, an image was taken with a camera attached Motic BA210
microscope, and 30 cells were sampled from each of the three transversal
locations of pith to sapwood, for which cell diameter, lumen diameters, and
cell wall thickness were measured using the Motic software as described by
Ishiguri, et al., (Figure 2). The equations used for the computation of the
derived values: Runkel ratio, slenderness ratio, flexibility coefficient, and
wall coverage ratio were expressed in equations 1-4.

Runkle ratio=2X Cell wall thickness/Fiber lumen diameter (1)
Slenderness ratio =Fiber length/Fiber diameter ~ (2)

Flexibility coefficient=(Fiber lumen diameter x 100)/Fiber diameter (3)
Wall coverage ratio=2X Fiber wall thicknes/Fiber diameter ~ (4)

Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 20 was used to
analyze the data using descriptive statistics and an Analysis of Variance
(ANOVA) procedure. Duncan’s Multiple Range Test (DMRT) was used
to compare the mean values of each of the fiber dimensions and derived
fiber values along the tree height levels and transversally from pith to
sapwood [10].

RESULTS AND DISCUSSION

Fiber length along tree height and from pith to
periphery

This study showed that fiber length ranged from 1.29 + 0.14 mm to 1.52 +
0.17 mm along with tree height and 1.25 + 0.19 to 1.46 + 0.11 mm from the
pith to the periphery of the disks of A. decurence wood. It varied significantly
with tree heights (Figure 3). However, no significant difference (p<0.05) was
obtained while going from pith to the periphery (Figure 4). Fiber length
decreased from the bottom to the top; however, it increased from the pith
to the periphery. The general decrease in fiber length from the bottom to
the top and its corresponding increase from near the pith to the periphery,
which was observed in this study, agrees with the earlier report of Tavares, et
al., on A. melanoxylon wood [11].
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Figure 3: (a) Variation of fiber length along tree height levels; (b)
Distance from the pith.

Note: Mean with different letter are significant (p<0.05)

The mean value in fiber length obtained in this study (1.38 mm) is higher
than the previous report of Tavares, et al., which ranged from 0.91 mm to
0.97 mm along the tree height and 0.75 mm to 1.06 mm from the pith to

AGBIR Vol.40 No.03 May 2024



Suitability of Acacia decurrence fiber morphology for pulp and paper making in Ethiopia

the periphery of A. melanoxylon. Additionally, the result was higher than the
report of Santos et al., which ranged from 0.63 mm to 0.66 mm. The
difference may be due to species, location and age. Moreover, the results
were higher than those of other acacia species, namely Acacia mangium,
which ranged from 0.96 mm to 1.20 mm, and Acacia bilimekii (1.016
mm-1.201 mm) [12].

The results obtained in this study were higher than pulpwood species such
as Gmelina arborea (1.03 mm), Leucaena leucocephala (1.01 mm), and
Eucalyptus species (0.67 mm-1.06 mm). Since the fiber length obtained is
higher than that of other pulpwood species, the studied species is better
suited for pulp and paper making. The decreasing trend of fiber length
from bottom to top observed in this study could be due to the fact that
minimal net photosynthetic activities for cell development at the top are
caused by competition for leaf and branch development that may have led
to better cell production at the bottom [13].

While the increase in fiber length from pith to periphery could be due to
an increase in the length of cambial initials with increasing cambial age and
crown formation. Furthermore, this may be due to many molecular and
physiological changes that normally occur in the vascular cambium during
the aging process. The cells produced in the primary xylem divide less
frequently, thus allowing more time for the fusiform initial section to
elongate longitudinally and transversely. Fiber length is an important fiber
parameter that affects pulp quality and paper strength and paper sheet
formation and uniformity. It has also a strong effect on pulp yield, freeness,
active alkali consumption, tear index, and bending stiffness [14].

Fiber width, lumen diameter, and cell wall thickness

Variation along tree height levels: The result obtained in fiber width,
lumen diameter, and cell wall thickness along the tree height of A.
decurrence is presented in Fig 3. Along with the tree height, the fiber width
ranged from 38.86 pm to 40.07 pm. Duncan multiple range tests showed
that variation in fiber width was insignificant along height levels (p<0.05)
and it decreased from the bottom to the top of the trees. The mean fiber
width obtained in this study (39.60 um) was higher than other acacia
species previously reported by Santos, et al., (19.55 pm) and Santos, et al.,
(17.6 um) on Acacia melanoxylon. The result is also higher than pulpwood
species such as E. globulus. Accordingly, Santos et al., observed values
ranging from 18.3 uym to 19.3 ym, and Miranda, et al., reported 14.5 ym to
22.2 pm of fiber width [15].

Similar to the fiber length, the decreasing trend of fiber width from base to
top observed in this study could be due to the fact that minimal net
photosynthetic activities for cell development at the top are caused by
competition for leaf and branch development that may have led to better
cell production at the base [16].

A. decurrence lumen diameter ranged from 9.52 um to 9.80 pm along the
tree height. A Duncan multiple range test revealed that the variations in
lumen diameter along the tree heights were insignificant (p<0.05) (Figure
4). It increased from the bottom to the top of the trees. Lumen diameter
has an effect on the pulping process. For instance, a larger lumen diameter
gives better pulp beating because of the penetration of liquid into the void
spaces of the fibers [17].

Along tree heights, cell wall thickness ranged from 1.85 um to 2.03 pm.
Cell wall thickness of the three sections of the trees along their height
significantly (p<0.05) differed between the bottom, middle, and top. It
decreased from bottom to top of tree portions. The result obtained was
lower than other pulpwood species. For instance, in E. globulus, it ranged
from 5.4 um to 7.3 um along the tree heights, with a decreasing trend from
the bottom to the top [18].

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. Therefore, A. decurence is better than E.
globulus for pulping in terms of its cell wall thickness [19].

Variation across from pith to periphery

The fiber dimensions of A. decurrence wood at different distances from the
pith to the bark are presented in Figure 5. Fiber width ranged from 39.16
um to 40.10 um from pith to bark. Duncan multiple range tests showed the
difference between the fiber width near the pith and near the bark to be
insignificant (p<0.05). The fiber width increased from the pith to the
periphery. A similar trend was reported on Teak and on T. scleroxylon. The
reason for this trend was attributed to the influence of cambium age on the
development and maturation of fiber from pith to bark.

The mean lumen diameter of A. decurrence ranged from 9.42 um to 9.85 pm
while going transversally from the pith to the periphery. The lumen
diameter at the pith was found to be less than at the periphery, though the
difference was insignificant (p<0.05).

The cell wall thickness ranged from 1.84 pm to 1.99 um transversally from
the pith to the periphery. The difference between the cell wall thickness at
the middle and near the periphery was found to be insignificant (p<0.05);
however, both sections significantly (p<0.05) differed from the near pith on
cell wall thickness. Cell wall thickness increased from near the pith to the
periphery of the disk. The increase of cell wall thickness from the pith to
the periphery of A. decurrence was previously reported on A. melanoxylon
wood [20].
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Figure 5: Variation of fiber characteristics across the distance from pith.
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Figure 4: Variation of fiber characteristics along tree height levels.

Note: Mean of the same fiber dimension with different letter are
significantly different (p<0.05).
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Note: Mean of the same fiber dimension with different superscript are
significantly different (p<0.05).

The result obtained for the cell wall thickness was lower than Acacia
melanoxylon, which ranged from 3.45 pm to 3.89 pm, and Eucalyptus species
(3.29 um to 3.86 um) which are mostly used as raw materials for pulp and
paper.

However, similar to the results of Jorge and Santos, et al., which ranged
from 1.8 pm to 2.5 um and 2.00 pm and 2.40 um respectively. However,
the result was less than A. cochliacantha which increased 5 pm to 7 pm from
pith to bark. This difference may be due to species, age and growing
environment differences in the sample trees, which significantly affect wood
fiber properties (Table 1).
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TABLE 1
Analysis of variance for fiber properties of Acacia decurrence

Source of variation df Fiber length Cell wall thickness Fiber width Lumen diameter
Position 2 0.000* 0.004* 0.125"s 0.69"s

Section 2 0.000* 0.021* 0.849ns 0.418"s
Position*section 4 0.334ns 0.385* 0.959ns 0.629"s

Residual 45

Total 54

*significant; ns: non significant

Derived fiber values

In addition to the absolute fiber dimensions (fiber length, fiber width,
lumen diameter, and cell wall thickness),fiber derived indices such as runkel
ratio, slenderness ratio, wall coverage ratio and flexibility coefficient, help
derive better judgement about the suitability of wood for pulp and paper
making.

TABLE 2

Mean and standard deviation of derived fiber values along the height

Variation of derived fiber values along tree height

Based on Table 2, the mean values of the runkle ratio ranged from 0.38 +
0.04 to 0.42 £ 0.04. Duncan multiple range tests showed that there is no
significant (p<0.05) difference in runkle ratio between the middle and top
tree portions, however, both portions significantly (p<0.05) differed from
the bottom portion (Table 2).

Derived fiber values N Sampling height (%)

Bottom (10%) Middle (50%) Top (90%)
Runkle ratio 18 0.42 + 0.04° 0.38 + 0.042 0.39 + 0.062
Slenderness ratio 18 38.67 +4.83° 33.75+7.152 33.72 £ 5.482
Flexibility coefficient 18 24.31 £ 4.022 24.59 + 2.502 25.56 + 4.062
Wall coverage ratio 18 0.10 £ 0.012 0.09 £0.012 0.10 £ 0.012

Note: Mean of the same row with different superscript are significantly different (p<0.05).

The mean values of slenderness ratio obtained along tree height levels
ranged from 33.75 to 38.67. It has higher in bottom (38.67 + 4.83) and
minimum at the top portion (33.72 £ 5.48). Duncan multiple range tests
showed that there was no significant (p<0.05) difference in slenderness ratio
between the middle and top tree portions; however, both portions
significantly (p<0.05) differed from the bottom portion. The slenderness
ratio is related to fibre length and width and influences paper sheet density
and increases tearing resistance.

The mean values of the flexibility coefficient along tree height levels of A.
decurence ranged from 24.31 + 4.02 to 24.59 + 2.50 and it increased from
the bottom to the top of the tree height. The flexibility coefficient did not
differ significantly along tree height.

The mean values obtained for the wall coverage ratio along tree height
ranged from 0.09 + 0.01 to 0.10 £ 0.01. Duncan multiple range tests
showed that significant  (p<0.05)
coverage ratio between the portions. Wall coverage ratio is an index for
bending resistance and is related to fiber flexibility. Generally, all derived
fiber values decreased from the bottom to the top of tree portions, except
for flexibility and wall coverage ratio.

there was no difference in wall

Variation of derived fiber values from pith to periphery

The mean values of the runkle ratio ranged from 0.37 to 0.42 transversally
from the pith to the periphery of the disk. The runkle ratio significantly
differed between the near pith and near bark positions; However, both the
near pith and near periphery positions showed no significant difference

from the middle (p<0.05).
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This value agrees with the one previously reported by different scholars on
A. melanoxylon. Furthermore, the values were lower than E. globulus wood,
which is the most well-known pulpwood, and its runkle value was 0.56.

According to Kiaei, et al., runkel ratio is a parameter used to determine the
suitability of a raw material for pulp. Runkel ratio was significantly related
to pulp yield (positively) and digestibility (negatively). If the Runkle ratio<1,
the fibre 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 with tree height and distance from pith were
lower than 1, suggesting a good potential for pulp and paper production.

Based on Table 2, the mean values obtained in slenderness ratio from pith
to periphery ranged from (31.51 + 5.44 to 37.83 £ 5.66) with an increasing
trend from inner to outer wood. The slenderness ratio significantly (p<0.05)
varied between the near pith and the near bark; however, both sections
showed no significant difference from the middle one (p<0.05). Fiber with
more than 33 of slenderness ratio to be appropriate for use as raw material
in pulp and paper industry. Hence, in terms of its slenderness ratio, A.
decurrence was found to be suitable for pulp and paper production since the
value obtained is more than the accepted standard (33%), both along tree
height and from the pith to periphery of the disk. Pulp tear resistance
increases with increasing fiber slenderness.

This means paper made from A. decurrence would have low tear strength
and, therefore, may be suitable for wrapping and packaging purposes (Table
3).
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TABLE 3

Mean and standard deviation of derived fiber values across distance from the pith

Distance from the pith (%)

Derived fiber values N

Near pith (10%)
Runkle ratio 18 0.37 £ 0.042
Slenderness ratio 18 31.51+5.442
Flexibility coefficient 18 24.84 + 3.082
Wall coverage ratio 18 0.09 £ 0.012

Middle (50%) Near bark (90%)
0.40 + 0.06%° 0.42 + 0.04°
36.80 + 5.98° 37.83 + 5.66°
25.25 + 3.80° 24.36 +3.93°
0.10 + 0.022 0.10 +0.012

Note: Mean of the same row with different superscript are significantly different (p<0.05).

The value obtained for the flexibility index ranged from 24.36 to 25.25
transversally from the pith to the periphery and it was higher at the middle
section (25.25 + 3.80) of the disk. A Duncan multiple range test showed
that there was no significant (p<0.05) difference in flexibility coefficient
from near the pith to the periphery of the disk.

The overall mean value obtained for flexibility coefficient was less than
previous work by Santos, et al., on A. melanoxylon wood which was in the
ranges of elastic fiber (50-75%). Additionally, the value is less than other
species (72%) and E.

known pulpwood. For instance, E. globulus

camaldulensis (70%).

Flexibility Coefficient (FC) can be divided into four classes: high elastic
fibers with FC over 75; elastic fibers with FC between 50 and 75; rigid
fibers with FC between 30 and 50; and highly rigid fibers with FC less than
30.

TABLE 4

Analysis of variance for derived fiber values of A. decurence

Furthermore, the values of the flexibility index ranged from 50% to 75%,
which is suitable to produce good paper with high strength properties.
According to this classification, the flexibility coefficient of A. decurrence
fibers is 24.81, so it belongs to the highly rigid fibers group and does not
satisfy the requirement for pulp and paper production.

The mean values obtained in the wall coverage ratio of A. decurrence from
the pith to the periphery ranged from 0.09 to 0.10, and it was lower near
the bark (0.10 + 0.01). A Duncan multiple range test shows that there was
no significant difference between near pith and periphery positions
(p<0.05). A material with a wall coverage ratio value of less than 0.4 is
considered to be good pulpwood. Therefore, A. decurrence is suitable for
pulp and paper production since the value obtained meets the accepted

standard (Table 4).

Source of variation df Runkle ratio Slenderness ratio Flexibility coefficient Wall coverage ratio
Position 2 0.591ns 0.01* 0.017* 0.222ns
Section 2 0.01* 0.002* 0.785"s 0.172ns
Position*section 4 0.254"s 0528ns 0.993ns 0.703"s

“significant; ns: non-significant

CONCLUSION

The fiber characteristics of the wood of A. decurrence trees growing around
the Debremarkos area in Ethiopia were investigated to determine the
usefulness of this tree as a fiber resource for pulp and paper production. All
fiber dimensions decreased from the bottom to the top portion; however,
they increased transversally from the pith to the periphery. Derived fiber
values increased transversally from the pith to the periphery and decreased
from the bottom to the top. A. decurrence with the exception of the
flexibility coefficient, met the requirements of derived fiber values for pulp
and paper production, and any part of the tree portion may be utilized
along tree heights and transversally from pith to periphery. Compared to
the wood properties related to pulp and paper quality of other Acacia and
Eucalyptus species currently used for commercial pulpwood, this species
showed similar properties. Generally, A. decurrence has good fiber properties
(adequate fiber dimensions and its derived fiber values) as a raw material for
the pulp and paper industry, except the flexibility coefficient, which was
lower than the accepted standard.

RECOMMENDATIONS

Based on the findings of the study, the following points are recommended:

e Since information on the fiber characteristics of A. decurrence grown in
the studied area showed its suitability for pulp and paper production,
attention should be given by tree growers, investors, the government,
and non-governmental organizations to its expanded plantation in
other parts of the country.

AGBIR Vol.40 No.03 May 2024

¢ In addition to the information on fiber characteristics revealed in this
study, production and testing of its pulp and paper should be done to
avail comprehensive information regarding its suitability.

¢ Since the studied species grows quickly and adapts to various agro-
ecological zones in Ethiopia, the government may consider it a
promising and alternative species for pulp and paper production in the
future.

¢ In Ethiopia, raw material evaluation and testing of pulp and paper
properties are lacking in addition to the country being dependent on
the import of pulp and pulp products. Therefore, the government, non-
governmental organizations, research institutes, and higher learning
institutions should give special attention to this area.

ACKNOWLEDGEMENTS

The authors acknowledge all the coordinators, researchers, technical, and
supporting staff members (finance, human and vehicles
administration) of the forest products innovation center, of the Ethiopian
forest development, for their overall technical, administrative, and logistical
support during the research period. Additionally, thanks go to Amhara
forest enterprise and local communities for letting us collect the samples for
this study.

resources

CONFLICT OF INTEREST

The authors have not declared any conflict of interests.

1168



Abara L, et al.

10.

REFERENCES

Jimenez L, Rodriguez A, Ferrer JL, et al. Paulownia, a fast growing
plant, as a raw material for paper manufacturing. ] theor Appl Chem.
2005;62(516):100-105.

FAO. Survey of World Pulp and Paper Capacities 2013-2018.
FAO Forestry Department. Rome, Italy. 2014.

Hurter RW, Riccio FA. Why CEQ’s don’t want to hear about non
woods or should they?. In Proceedings, 1998 North American Non
wood Fiber Symposium (Atlanta). USA. 1998;1-10.

Maslin BR, Pedley L. Patterns of distribution of Acacia in Australia.
Aust ] Bot. 1988;36(4):385-393.

Boland DJ. Genetic resources and utilisation of Australian Bipinnate
(Botrycephalae). of Australian Centre for
International ~ Agricultural ~ Research.
1987;16:29-37.

Pohjonen V, Pukkala T. Eucalyptus globulus in Ethiopian forestry. For
Ecol Manag. 1990;36(1):19-31.

Yitayew H, Amente G. Variability in rainfall, temperature and relative
humidity at Bahir Dar city areas, Ethiopia. East Afr ] Sci. 2012;6(1):
11-22.

Latib NA, Kasim NSMT]J. Physical and chemical properties of
Kelempayan (Neolamarckia cadamba sp.) wood. Int ] Res Sci Technol.
2014;3(6):215-219.

Mahesh S, Kumar P, Ansari SA. A rapid and economical method for
the maceration of wood fibers in Boswellia serrata Roxb. Trop Plant
Res. 2015;2(2):108-111.

Berhanu H, Kiflie Z, Feleke S, et al. Chemical and morphological
analysis of enset (Ensete wentricosum) fibre, leaf, and pseudostem.

Lignocellulose. 2016;5(2):139.

acacias Proceedings

Canberra.  Australia.

1169 (MRPFT)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ibrahim ME, Abdelgadir AY. Effect of growth rate on fiber
characteristics of eucalyptus camaldulensis wood of coppice origin grown
in White Nile State, Sudan. ] Nat Resour Environ Stu.
2015;3(1683-6456):14-23.

Samarih A. The influence of trees age on the physical properties and
fiber length of Eucalyptus camaldulensis in the Zabol Region at Iran.
Middle East ] Sci Res. 2011;8(5):851-854.

Santos AJ, Pereira H, Anjos O. Characterization and within tree
variation of wood anatomy of Acacia melanoxylon. Millenium ] Educ
Technol Health. 2018;2(5):13-19.

Hudson I, Wilson L, Van Beveren K. Vessel and fibre property
variation in Eucalyptus globulus and Eucalyptus nitens: Some preliminary
results. ITAWA J. 1998;19(2):111-130.

Tavares F, Quilho T, Pereira H. Wood and bark fiber characteristics
Eucalyptus globules.

of Acacia melanoxylon and comparison to

Cerne. 2011;17(1):61-68.

Santos A, Anjos O, Simoes R. Papermaking potential of Acacia
dealbataand Acacia melanoxylon. Appita J. 2006;59(1):58-64.

Jorge F, Quilho T, Pereira H. Variability of fibre length in wood
and bark in Eucalyptus globulus. IAWA J. 2000;21(1):41-48.

Lim SC, Gan KS. Some physical properties and anatomical features of
14 year old Acacia mangium. ] Trop For Sci. 2000;6(2):206-213.
Quintanar Isaias A, Velazquez Nunez M, Solares Arenas F, et al.
Secondary stem anatomy and uses of four drought Deciduous species of
a tropical dry forest in Mexico. Trop Biol J. 2005;53(1-2):29-48.
Onuorah OE. Reliminary investigation of the potentials of six
Nigerian grown hardwood species as sources of fiber for the pulp and
paper industry. Nigerian ] Agricult Technol. 2001;9:17-24.

AGBIR Vol.40 No.03 May 2024


https://www.fao.org/3/i3961t/i3961t.pdf
https://www.paperonweb.com/Articles/CEOs_and_Nonwoods_1998.pdf
https://www.paperonweb.com/Articles/CEOs_and_Nonwoods_1998.pdf
https://www.publish.csiro.au/bt/bt9880385
https://www.cabdirect.org/cabdirect/abstract/19880621317
https://www.cabdirect.org/cabdirect/abstract/19880621317
https://www.ajol.info/index.php/eajsci/article/view/103431
https://www.ajol.info/index.php/eajsci/article/view/103431
https://www.tropicalplantresearch.com/archives/2015/vol2issue2/7.pdf
https://www.tropicalplantresearch.com/archives/2015/vol2issue2/7.pdf
https://www.semanticscholar.org/paper/Chemical-and-Morphological-Analysis-of-Enset-(-)-%2C-Lemma-Kiflie/c48f078c2633caf0d58bdb96bb44e71222ec266c
https://www.semanticscholar.org/paper/Chemical-and-Morphological-Analysis-of-Enset-(-)-%2C-Lemma-Kiflie/c48f078c2633caf0d58bdb96bb44e71222ec266c
https://www.semanticscholar.org/paper/Effect-of-Growth-Rate-on-Wood-Density-of-Eucalyptus-Malik-Abdelgadir/e86919792ed7bdb4f73aeecd39afaf20e958dde8
https://www.semanticscholar.org/paper/Effect-of-Growth-Rate-on-Wood-Density-of-Eucalyptus-Malik-Abdelgadir/e86919792ed7bdb4f73aeecd39afaf20e958dde8
https://www.semanticscholar.org/paper/Effect-of-Growth-Rate-on-Wood-Density-of-Eucalyptus-Malik-Abdelgadir/e86919792ed7bdb4f73aeecd39afaf20e958dde8
https://www.cabdirect.org/cabdirect/abstract/20113346874
https://www.cabdirect.org/cabdirect/abstract/20113346874
https://revistas.rcaap.pt/millenium/article/view/12953
https://revistas.rcaap.pt/millenium/article/view/12953
https://brill.com/view/journals/iawa/19/2/article-p111_1.xml
https://brill.com/view/journals/iawa/19/2/article-p111_1.xml
https://brill.com/view/journals/iawa/19/2/article-p111_1.xml
https://www.scielo.br/j/cerne/a/tMyh7sCPrkSSXxmFG4gRCGv/?lang=en
https://www.scielo.br/j/cerne/a/tMyh7sCPrkSSXxmFG4gRCGv/?lang=en
https://repositorio.ipcb.pt/handle/10400.11/6509
https://repositorio.ipcb.pt/handle/10400.11/6509
https://www.cabdirect.org/cabdirect/abstract/20013089515
https://www.cabdirect.org/cabdirect/abstract/20013089515
https://tropicalstudies.org/rbt/attachments/volumes/vol53-1-2/05QUINTANAR%20sec.pdf
https://tropicalstudies.org/rbt/attachments/volumes/vol53-1-2/05QUINTANAR%20sec.pdf
https://www.redalyc.org/pdf/485/48544479007.pdf
https://www.redalyc.org/pdf/485/48544479007.pdf
https://www.redalyc.org/pdf/485/48544479007.pdf

	Contents
	Suitability of Acacia decurrence fiber morphology for pulp and paper making in Ethiopia
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Site description
	Sample collection technique
	Sample preparation
	Statistical analysis

	RESULTS AND DISCUSSION
	Fiber length along tree height and from pith to periphery
	Fiber width, lumen diameter, and cell wall thickness
	Variation across from pith to periphery
	Derived fiber values
	Variation of derived fiber values along tree height
	Variation of derived fiber values from pith to periphery

	CONCLUSION
	RECOMMENDATIONS

	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	REFERENCES




