
933AGBIR Vol.40 No.2 Mar 2024

1Department of Agriculture, Ethiopian Forest Development, Forest Products Innovation Research Directorate, Addis Ababa, Ethiopia;2Department of Agriculture, Ethiopian 
Forest Development, Forest Products Innovation Center of Excellence, Addis Ababa, Ethiopia 

Correspondence: Daniel Gebeyehu, Department of Agriculture, Ethiopian Forest Development, Forest Products Innovation Research Directorate, Addis Ababa, Ethiopia, E-mail: 
danny.g2007@yahoo.com

Received: 26-Jan-2024, Manuscript No. AGBIR-24-126077; Editor assigned: 29-Jan-2024, Pre QC No. AGBIR-24-126077 (PQ); Reviewed: 12-Feb-2024, QC 
No. AGBIR-24-126077; Revised: 19-Feb-2024, Manuscript No. AGBIR-24-126077 (R); Published: 26-Feb-2024, DOI:10.35248/0970-1907.24.40.933-941

This open-access article is distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC) (http://
creativecommons.org/licenses/by-nc/4.0/), which permits reuse, distribution and reproduction of the article, provided that the original work is 
properly cited and the reuse is restricted to noncommercial purposes. For commercial reuse, contact reprints@pulsus.com

RESEARCH ARTICLE

Ethiopia imported more than 117,000 tons of paper and pulp in 2013, with 
the country spending more than 2.6 billion birr. The global consumption 
of paper and board amounted to an estimated 399 million metric tons 
in 2020. It is expected that demand will increase steadily over the next 
decade, reaching approximately 461 million metric tons in 2030 (Food 
and Agricultural Organization, 2012). As a result, there has been a huge 
need for industrial raw materials and technologies to manufacture more 
pulp and paper so as to fill the widening gap between demand and supply. 
With this understanding, the search and investigation of other alternative 
raw materials for pulp and paper production from wood and non-wood raw 
material sources is crucial. Because of its wider agro-ecological adaptability, 
fast growth, multiple coppicing abilities, adequate supply and high yield of 
good-quality fibers, Eucalyptus globulus is one of the raw materials widely used 
in the pulp and paper industry. 

Eucalyptus globulus, commonly known as southern blue gum, is a species 
of tall, evergreen tree endemic to south-eastern Australia [7]. It is naturally 
distributed in Tasmania and south-eastern Australia but is now widely 
planted and naturalized in subtropical regions around the world. In tropical 
Africa, it is found in cool highland regions, especially in Ethiopia, where it 
was introduced around 1890. The introduction of E. globulus to Ethiopia is 
said to have played a major role in the development of the country and today, 
the tree is important all over the country for its various uses.

The wood of E. globulus is used for poles, posts, construction, veneer, 
plywood, flooring, furniture, tools, boxes, crates, pallets, railway sleepers, 
fiberboard and particleboard. It is also suitable for marine construction, 
ship and boat building, vehicle bodies, toys and novelties, turnery, interior 
trim, core stock, joinery and mine props. E. globulus is very important as 
fuel wood and for charcoal making and it is an important source of pulp for 
the production of printing, writing, specialty and tissue papers. Eucalyptus is 
the most common short-fiber source for pulpwood [8,9]. The fiber length 
of Eucalyptus is relatively short and uniform with low coarseness compared 
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The aim of this study was to investigate the fiber properties, pulp and paper-
making potential of Eucalyptus globulus grown in Farta woreda, Amhara 
National Regional State, Ethiopia. Six trees with an age of eight years were 
sampled and sample discs were taken at the bottom (10%), middle (50%) 
and top (90%) along the tree height, as well as 2 × 2 × 2 cm blocks of wood 
at 10%, 50% and 90% of the disc radius (distance from the pith to the bark 
of the tree). Fiber properties were determined and their variation along tree 
height and transversally from pith to bark was evaluated. The overall mean 
values along the height of the tree and the distance from the pith to the bark 
were 0.77 mm for the fiber length, 12.38 µm for the fiber diameter, 2.94 

µm for the cell wall thickness, 8.23 µm for the lumen diameter, 19.61 µm 
for the fiber width, 0.74% for the runkel ratio, 39.22% for the slenderness 
ratio, 67.83% for the flexibility coefficient and 0.47% for the wall coverage 
ratio. Fiber length, lumen and fiber diameter, fiber width, cell wall thickness, 
runkel and wall coverage ratio decreased from the bottom to the top of the 
tree, while they increased transversally from the pith to the bark, except for 
lumen diameter and flexibility coefficient, which decreased transversally 
from the pith to the bark, whereas the flexibility coefficient value increased 
from the bottom to the top of the tree height. The slenderness ratio did 
not show significant variation along tree height, while it showed an increase 
transversally from the pith to the bark.
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INTRODUCTION

Anatomical variations in the cell structures result in variations in wood 
properties within and between trees [1]. These wood properties also 

depend on genetic variation, growth conditions and the environment [2]. 
Within a tree, differences are mostly between juvenile, heartwood and 
sapwood, variation within annual rings, reaction and normal wood [1]. The 
change in anatomical characteristics such as fiber length, fiber and lumen 
diameter, fiber width and cell wall thickness within and between trees has a 
strong effect on the properties of wood fiber products like pulp and paper. 
Pulp is a lignocellulose fibrous material manufactured from the mechanical 
or chemical breakdown of raw materials containing cellulose fibers, such as 
wood and non-wood materials. While paper is a felted sheet formed on a 
fine mesh from cellulose fibers, worldwide, cellulose pulp is produced from 
hardwood, softwood and agro-residues. Hardwood and softwood pulping 
account for 95% of the total worldwide pulp production. The rest of the 5% 
comes from non-wood raw materials, mainly agro-residues and grasses [3].

In the meantime, modern life requires consumption of paper and paper 
products every day; as a result, the demand for paper is increasing with the 
increasing size of the population and modernization. This ever-growing 
demand for pulp and paper products has forced countries around the world 
to look for potential and sustainable raw materials for the pulp and paper 
industries. Every year, 400 million metric tons of paper and cardboard are 
produced worldwide [4]. In Ethiopia in the year 2003, the average annual 
domestic production of paper was 7,266 tons, while in the same period, 
127,132 tons of paper were 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 [5]. The Food 
and Agriculture Organization’s report indicated that Ethiopia’s paper and 
paperboard production and consumption in 2012 were 78,000 and 142,000 
MT respectively [6]. Complementary figures obtained from the Chemical 
and Construction Input Industry Development Institute indicated that 
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with other hardwoods commonly used as pulpwood; the low coarseness is 
important for high-quality coated papers and contributes to softness [8]. 
The fibers are thin but relatively thick-walled, resulting in uniform paper 
formation, a high number of fibers per gram and high opacity, all of which 
are important for all types of fine paper. Even though E. globulus has many 
uses and desirable properties, such as fast growth, coppicing ability, enough 
supply and adaptability to most parts of Ethiopia, the fiber properties and 
pulp and paper making potential of the species in the country have not been 
studied. Therefore, the objective of this study was to investigate the fiber 
properties, pulp and papermaking potential of Eucalyptus globulus growing in 
the south Gondar zone, Farta woreda, in Amhara National Regional State, 
Ethiopia.

MATERIALS AND METHODS

Sample selection for the determination of fiber property

In this study, sample trees of Eucalyptus globulus from Amhara forest enterprise, 
south Gondar zone, Farta woreda, at the gasay site were collected. Farta 
woreda is located in the south Gondar administrative zone of the Amhara 
National Regional State, Ethiopia. It’s around 100 kilometers north of Bahir 
Dar, the regional capital city and 675 kilometers north of Addis Ababa. The 
study area has a latitude and longitude of 12°00’00.0” N and 38°00’00.0” E, 
with elevations ranging from 2600 to 3100 meters above sea level. The mean 
annual rain fall is 1250 mm and the minimum and maximum temperatures 
range from 9 to 25°C [10].

There were only eight-year-old trees on the site and they were spaced 1.5 
meters apart. A 25-by-25-meter tree plot was then designated and demarcated. 
Then, measurements and records of each tree's diameter and merchantable 
tree height were made for every tree in the plot (Table 1). Six randomly 
selected sample trees were taken from the plot and transported to the Forest 
Products Innovation Center of Excellence's Wood Anatomy Laboratory for 
further investigation of the fiber properties of this species.

TABLE 1
The height and diameter of the sampled trees

No
    Merchantable tree height of 
the sampled trees in meters 

(m)

      Diameter at Breast Height 
(DBH) of the sampled tree in 

centimeters (cm)
1 14.2 11
2 17.1 16
3 13.7 12.5
4 16.6 15
5 14 13
6 14.1 13

Sample preparation for the determination of fiber properties

Six trees were felled from the selected site and discs with a thickness of 25 
mm were cut at the bottom (10%), middle (50%) and top (90%) of the tree 
height. Discs with visible reaction wood were excluded and regions close to 
knots were avoided for the fiber sampling. The discs were sanded and cleaned 
with a disc sander to improve the visibility of the samples. Then 2 cm × 2 cm 
× 2 cm samples of wood block were cut at 10% (near the pith), 50% (middle) 
and 90% (near the bark) of the disc radius (distance from the pith to the bark 
of the tree) for the determination of the fiber properties (Figure 1).

Figure 1) Sample technique for the determination of fiber properties

Determination of fiber length and width

The fiber length and width were determined in all wood sections after 
maceration. Maceration is a technique used to separate fibers by dissolving 
the middle lamella. Match-stick-sized sections of wood were cut from the 
small blocks of wood (2 cm × 2 cm × 2 cm samples of wood block) and 
then macerated in jeffrey’s solution (10 g chromic acid dissolved in 190 ml 
distilled water, to which 15 ml nitric acid was added) at room temperature 
for 24 hours. The fibers were separated, washed in a glass tube and then 
cleaned and stored in distilled water. For a microscopic analysis, a few drops 
of the fiber suspension were spread on a microscopic slide and the water was 
allowed to evaporate (Figure 2a). Two slides were prepared per sample and 
from each slide, three images were acquired with a BA 210 stereomicroscope 
(Figure 2b). The image was 10 times magnified and the length and width of a 
hundred intact fibers were measured with Motic Image Software plus 3.2 to 
determine the average value per sample.

Figure 2) (a): Microscope slide preparation; (b): Images captured with a BA 210 
stereo microscope 

Determination of cell wall thickness, fiber and lumen diameter

Cell wall thickness, fiber diameter and lumen diameter were measured on 
about 20 µm-thick cross-sections cut from each 2 cm × 2 cm × 2 cm block 
of wood. Before the sections were cut, the wood blocks were softened in 
warm water below 100°C for one hour and the sections were cut with 
a rotary microtome thereafter. The first three sections were discarded 
to avoid deforming cells in the sample. One image was acquired from 
each of the three sections with a BA 210 stereo microscope. The images 
were magnified 400 times and the cell wall thickness, fiber and lumen 
diameter of 100 cells per sample were measured to determine the average 
value per sample.

Determination of derived fiber properties

The equations used for the determination of derived fiber values are 
expressed as equations 1 to 4. Runkel ratio, slenderness ratio, flexibility 
coefficient and wall coverage ratio were the equations utilized to calculate 
the derived values [11-14].

2  
  
ThicknessRunkel ration Cell wall

Fiber luman diameter
= × ……….. (1)

 
 

LengthSlenderness ratio Fiber
Fiber diameter

= ……….. (2)

100   
 

Flexibility coefficient Fiber lumen diameter
Fiber diameter

= ……….. (3)

  2  
 

ThicknessWall coverage ratio Fiber wall
Fiber diameter

= × ……….. (4)

Experimental design

Six trees were randomly selected from an even-aged, stand and sample discs 
were taken at the bottom (10%), middle (50%) and top (90%) along the tree 
height, as well as a 2 × 2 × 2 cm blocks of wood at 10% (near to pith), 50% 
(middle) and 90% (near to bark) of the disc radius (the transversal distance 
from the pith to the bark of the tree).

Statistical analysis 

To determine significant effects at P<0.05, an Analysis of Variance (ANOVA) 
was used. The Statistical Package for the Social Sciences (SPSS) software was 
used to plot the graph and analyze the data.
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of the disc radius. The smallest fiber length (0.52 mm) was found at the top 
of the tree section and 10% of the disc radius, whereas the longest fiber 
length (1.07 mm) was found at the bottom of the tree and 90% of the disc 
radius. Similar studies were conducted on E. globulus and the results showed 
an increase in fiber length from the pith to the bark of the tree, which was 
from 0.59 mm to 1.25 mm, 0.69 mm to 1.18 mm, 0.74 mm to 1.09 mm and 
0.63 mm to 1.03 mm, respectively [15-18]. Mohd. Hamami et al., [19] also 
found the same axial variation in Acacia mangium with a decrease in fiber 
length along the height, which was 1.03 mm to 0.85 mm. The reason for this 
trend was attributed to the influence of cambial age on the development and 
maturation of fiber from pith to bark [20].

Variation of cell wall thickness along the tree height and distance from the 
pith to the bark of the tree: The results showed that there was a significant 
(p<0.05) variation in cell wall thickness between the top, middle and bottom 
of the tree section and between 10%, 50% and 90% of the disc radius. The 
mean cell wall thickness decreased from the bottom (3.51 ± 0.93) to the top 
(2.38 ± 0.45) of the tree, while it showed increases transversally from the 
pith (2.15 ± 0.31 µm) to the bark (3.54 ± 0.77 µm) (Table 2 and Figure 4). 
The thinnest fiber wall (1.50 µm) was found at the top of the tree and 10% 
of the disc radius, whereas the thickest fiber wall (4.84 µm) was found at the 
bottom of the tree and 90% of the disc radius. The average cell wall thickness 
in this study was 2.94 m. This result is similar to the studies reported on 
Eucalyptus globulus [16,17,21]. They found that the thickness of the cell wall 
was between 1.8 and 2.3 µm, 1.79 and 3.06 µm and 3.52 and 3.27 µm along 
the tree height. Similar studies on the same species revealed an increase in 
wall thickness (from 1.8 µm to 2.5 µm) transversally from pith to bark.

RESULTS AND DISCUSSION

Fiber properties

The mean and range of fiber properties along the tree height and 
transversally from the pith to the bark of the tree: The result showed that 
the overall mean values were 0.77 mm for fiber length, 12.38 µm for fiber 
diameter, 2.94 µm for cell wall thickness, 8.23 µm for lumen diameter and 
19.61 µm for fiber width, along the tree height and transversally from pith 
to the bark of the tree (the disc radius). The fiber length, lumen diameter, 
cell wall thickness, fiber width and fiber diameter ranged from 0.52 to 1.07 
mm, 5.46 to 8.60 µm, 1.50 to 4.84 µm, 14.89 to 26.77 µm and 8 to 17.39 
µm, respectively, along with the tree height and distance from the pith to the 
bark of the tree.

Variation of fiber length along the tree height and distance from the pith to 
the bark of the tree: The results showed that a significant (p<0.05) variation 
in mean fiber length was found along the tree height and transversally from 
the pith to the bark. The mean fiber length decreased from the bottom to the 
top of the tree; however, it increased transversally from the pith to the bark of 
the tree (Table 2 and Figure 3).

The bottom and middle sections of the tree had a significantly larger mean 
fiber length (0.82 ± 0.15 mm) and (0.80 ± 0.17 mm) than the top of the 
tree section (0.68 ± 0.11 mm); however, there was no significant (p<0.05) 
variation of mean fiber length between the bottom and middle sections of 
the tree. There was significant variation in the mean of fiber lengths between 
10% (0.61 ± 0.68 mm), 50% (0.80 ± 0.82 mm) and 90% (0.89 ± 0.15 mm) 

Fiber       
properties N

Tree height (%) Distance from the pith to the bark (%)

Top Middle Bottom 10% 50% 90%

FL (mm) 18 0.68 ± 0.11a 0.80 ± 0.17b 0.82 ± 0.15b 0.61 ± 0.68a 0.80 ± 0.82b 0.89 ± 0.15c

CWT (μm) 18 2.38 ± 0.45a 2.92 ± 0.55b 3.51 ± 0.93c 2.15 ± 0.31a 3.12 ± 0.52b 3.54 ± 0.77c

FD (μm) 18 10.50 ± 1.76a 12.98 ± 1.65b 1 3.66 ± 1.10b 10.83 ± 2.08a 12.55 ± 1.5b 13.76 ± 2.07c

LD (μm) 18 7.19 ± 0.81a 8.92 ± 1.32b 8.57 ± 2.14b 9.20 ± 2.34a 7.91 ± 0.95b 7.57 ± 0.90b

FW (μm) 18 17.90 ± 2.3a 20.55 ± 2.58b 20.38 ± 1.86b 18.17 ± 1.84a 19.98 ± 1.82b 20.68 ± 3.19b

Note: FL: Fiber Length; CWT: Cell Wall Thickness; FD: Fiber Diameter; LD: Lumen Diameter; FW: Fiber Width. Mean of the same row with different superscript are 
significantly different at p<0.05.

TABLE 2
The mean and standard deviation values of fiber properties along with the tree height and distance from the pith to the bark of the 
tree

Figure 3) Variation of mean fiber length along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%



Gebeyehu, et al.

936 AGBIR Vol.40 No.2 Mar 2024

between the middle and bottom sections of the trees. On the other hand, a 
significant increase in the mean fiber diameter was observed between 10%, 
50% and 90% of the disc radius, with mean values of 10.83 ± 2.08 µm, 12.55 
± 1.5 µm and 13.76 ± 2.07 µm. The smallest fiber diameter (8 µm) was found 
at the top of the tree and 10% of the disc radius, whereas the largest fiber 
diameter (17.39 µm) was found at the bottom of the tree and 90% of the disc 
radius. The mean fiber diameter of E. globulus examined in this study was 
12.38 µm; a similar 12 to 21.3 µm mean value was reported on E. globulus 
stem wood [22-26].

Variation of fiber width along the tree height and distance from the pith 
to the bark of the tree: Fiber width showed a significant (p<0.05) variation 
along the tree height and distance from the pith to the bark of the tree (Table 
2). It showed a decrease in the mean fiber width from the bottom to the 
top of the tree in all the tree sections. The fiber width at the bottom (20.38 
± 1.86) and middle (20.55 ± 2.58) of the tree section varied significantly 
(p<0.05) from the top (17.90 ± 2.3) of the tree section. It showed a decrease 
in the mean fiber width from the bottom to the top of the tree section, 
while no significant (p<0.05) change in the mean fiber width was observed 
between the middle and bottom sections of the tree. All of the tree sections 
that were found at 50% and 90% of the disc radius showed a significant 
(p<0.05) variation in the mean fiber width compared to those found at 10% 
of the disc radius. It showed an increase in the mean of fiber width from 10% 
(18.17 ± 1.84) to 90% (20.68 ± 3.19) of the disc radius; however, there was no 
significant (p<0.05) variation in the mean of fiber width between 50% (19.98 
± 1.82) and 90% (20.68 ± 3.19) of the disc radius (Table 2 and Figure 7). The 
smallest fiber width (14.89 µm) was found at the top of the tree and 10% of 
the disc radius, whereas the largest fiber width (26.77 µm) was found at the 
middle of the tree and 90% of the disc radius.

Variation of lumen diameter along the tree height and distance from 
the pith to the bark of the tree: Table 2 shows that there was a substantial 
(p<0.05) variation in lumen diameter along the height of the trees and 
transversally from the pith to the bark. There was no significant difference in 
lumen diameter between the middle and bottom sections of the tree (Table 2 
and Figure 5), but the bottom (8.57 ± 2.14 µm) and middle (8.92 ± 1.32 µm) 
of the tree sections had significantly (p>0.05) larger mean lumen diameters 
than the top (7.19 ± 0.81 µm) of the tree section. In the bottom and middle 
parts of the tree, there was a decrease in the mean lumen diameter from 9.20 
± 2.34 µm to 7.57 ± 0.90 µm; however, at the top of the tree, there was an 
increase in lumen diameter transversally from pith to bark (Figure 5). No 
significant variation in the mean lumen diameter was found between 50% 
(7.91 ± 0.95 µm) and 90% (7.57 ± 0.90 µm) of the disc radius in all the tree 
sections. While the two sections (50% and 90%) had significantly smaller 
lumen diameters than 10% (9.20 ± 2.34 µm) of the disc radius, the smallest 
lumen diameter (5.46 µm) was found at the bottom of the tree and 90% of 
the disc radius, whereas the largest lumen diameter (12.45 µm) was found 
at the bottom of the tree and 10% of the disc radius. The average lumen 
diameter found in this study was 8.23 µm, which is in line with E. globulus 
stem wood reported which was 4 to 9.5 µm for lumen diameter [22-26].

Variation of fiber diameter along the tree height and distance from the 
pith to the bark of the tree: Fiber diameter has shown a significant (p<0.05) 
variation along the tree height and transversally from the pith to the bark of 
the tree (Table 2 and Figure 6). The results showed a decrease in the mean 
fiber diameter along the height from the bottom (13.66 ± 1.10 µm) to the 
top (10.50 ± 1.76 µm) of the tree. The bottom (13.66 ± 1.10 µm) and middle 
(12.98 ± 1.65 µm) of the tree section showed significantly (p<0.05) higher 
mean fiber diameter than the top (10.50 ± 1.76) of the tree section; however, 
no significant (p<0.05) variation in the mean fiber diameter was observed 

Figure 4) Variation of mean cell wall thickness along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%
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Figure 5) Variation of mean lumen diameter along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%

Figure 6) Variation of mean fiber diameter along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%

Figure 7) Variation of mean fiber width along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%
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(p<0.05) variation in average runkel ratio values between the middle (0.68 ± 
0.21) and the top (0.66 ± 0.083) sections of the tree. However, there was a 
notable difference in the mean runkel ratio values between 10%, 50% and 
90% of the disc radius, with values of 0.49 ± 0.10, 0.80 ± 0.16 and 0.96 ± 
0.28 respectively. The minimum runkel ratio value (0.34) was found at the 
middle of the tree section and 10% of the disc radius, whereas the maximum 
rankle ratio value (1.51) was found at the bottom of the tree section and 90% 
of the disc radius.

On the other hand, a significant variation in runkel ratio values was found 
between 10%, 50% and 90% of the disc radius, with mean runkel ratio 
values of 0.49 ± 0.10, 0.80 ± 0.16 and 0.96 ± 0.28 respectively. The minimum 
runkel ratio value (0.34) was found at the middle of the tree section and 10% 
of the disc radius, whereas the maximum rankle ratio value (1.51) was found 
at the bottom of the tree section and 90% of the disc radius.

For E. globulus trees 14 years of age, the Ohshima et al., [30] values ranged 
from 0.54 to 0.6 and the Gominho et al., [31] values, which were reported 
on E. globulus stump wood intended as a raw material for pulping, varied 
between 1.0 and 1.9, with a mean value of 1.4. The mean runkel ratio values 
of E. globulus examined in this study were 0.74. These values differed slightly 
from them. The findings indicated that the runkel ratio values of the species 
were within the standard range for pulp and papermaking.

Derived fiber properties

The mean and range of derived fiber properties along the tree height and 
transversally from the pith to the bark of the tree: The result showed that 
the overall mean values of derived fiber properties were 0.74 for runkel 
ratio, 39.22 for slenderness ratio, 67.83% for flexibility coefficient and 
0.47 for wall coverage ratio. The fiber runkel ratio, slenderness ratio, 
flexibility coefficient and wall coverage ratio values ranged from 0.35 
to 1.51, 27.14 to 68.85, 39.94% to 95.0% and 0.30 to 0.6, respectively, 
along with the tree height and transversally from the pith to the bark of 
the tree. 

Variation of runkel ratio along the tree height and distance from the pith 
to the bark of the tree: The runkel ratio is related to the suitability of paper 
making and fibers with a runkel ratio of less than 1.0 are suitable for pulp 
[27]. Fibers with a higher runkel ratio are stiffer and form bulkier paper with 
a lower bonded area when compared to low runkel ratio fibers [28]. A lower 
runkel ratio indicates that the fibers collapse easily to form paper with good 
strength properties [29]. The results of this study showed that there was a 
significant (p<0.05) variation of runkel ratio values along the tree height and 
transversally from the pith to the bark of the tree (Table 3 and Figure 8). The 
mean values of the runkel ratio showed decreases from the bottom (0.90 ± 
0.38) to the top (0.66 ± 0.083) of the tree. However, there was no significant 

Derived  fiber 
properties N

Tree height (%) Distance from the pith to the bark of the tree (%)

Top Middle Bottom 10% 50% 90%

Runkel ratio 18 0.66 ± 0.083a 0.68 ± 0.21a 0.90 ± 0.38b 0.49 ± 0.10a 0.80 ± 0.16b 0.96 ± 0.28c

Slenderness 18 38.24 ± 4.99a 39.32 ± 9.71a 40.09 ± 6.15a 33.76 ± 4.48a 40.35 ± 4.46b

Flexibility 18 69.37 ± 6.71a 70.28 ± 15.80a 63.83 ± 18.00b 83.96 ± 7.2a 63.38 ± 6.7b 56.15 ± 10.2c

Wall coverage ratio 18 0.45 ± 0.48a 0.45 ± 0.59a 0.52 ± 0.13b 0.40 ± 0.55a 0.50 ± 0.06 b 0.52 ± 0.10b

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

TABLE 3
The mean and standard deviation values of derived fiber properties along with the tree height and distance from the pith to the bark 
of the tree

Figure 8) Variation of mean runkel ratio along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%

43.55 ± 8.14b
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Variation of slenderness ratio along the tree height and distance from the 
pith to the bark of the tree: The slenderness ratio is related to the tearing 
strength and folding endurance of paper; a high ratio indicates better-formed 
and well-bonded paper [28,32,33]. The results of this study showed that there 
was a significant (p<0.05) variation in slenderness ratio values transversally 
from the pith to the bark. Greater mean slenderness ratio values were 
seen over the disc radius from 10% (33.7 ± 6.48) to 90% (43.55 ± 8.14); 
however, there was no statistically significant (p<0.05) difference between 
50% (40.35 ± 4.46) and 90% (43.55 ± 8.14). Slenderness ratio values did 
not show significant (p<0.05) variation along the tree height, while they 
showed a decreasing trend from the bottom to the top of the tree (Table 3 
and Figure 9). The minimum values of slenderness ratio (27.14) were found 
at the top of the tree and 90% of the disc radius, whereas the maximum 
values of slenderness ratio (68.85) were found in the middle of the tree and 
90% of the disc radius. Previously, Pirralho et al., [34] reported values for 
the slenderness ratio ranging from 39.4 to 48.4 for several Eucalyptus species; 
Ohshima et al., [30] also reported a ratio of 50.5 to 56.5 and 57.7 to 59.9 for 
14-year-old E. camaldulensis and E. globulus, respectively. The mean slenderness 

or slightly lower than those reported by Pirralho et al., [34] and Ohshima et 
al., [30]. However, the accepted values of slenderness coefficients in the pulp 
and paper industry are more than 33. Based on accepted standards, the fiber 
properties of E. globulus woods, which were revealed in this study, are suitable 
for pulp and paper production.

Variation of the flexibility coefficient along the tree height and distance 
from the pith to the bark of the tree: According to Ashori and Nourbakhsh 
[28], it is reported that the flexibility coefficient expresses the potential of 
the fiber to collapse during beating or during drying of the paper web. The 
collapsed fibers then provide a greater bonding area and, therefore, a stronger 
paper. In addition, Moriya [35] reported that the flexibility coefficient was 
positively related to paper strength, such as burst and tear factors. There 
are four groups that are established according to the flexibility ratio: high 
elastic fiber (having a flexibility ratio greater than 75), elastic fiber (flexibility 
ratio between 50 and 75) and rigid fiber (flexibility ratio between 30 and 50) 
and high rigid fibers (flexibility ratio less than 30) [36]. The study’s findings 
showed that the mean flexibility coefficient values varied significantly 
(p<0.05) along the tree’s height and across its pith to bark (Table 3 and 
Figure 10). There was no significant (p<0.05) variation in the mean flexibility 
coefficient values between the middle (70.28 ± 15.80) and top (69.37 ± 
6.71) sections of the tree, but there were significant increases in the mean 

values from the bottom (63.83 ± 18.00) to the top (69.37 ± 6.71) of the tree. 
There were significant (p<0.05) changes in the mean flexibility coefficient 
values across 10%, 50% and 90% of the disc radius, with mean values of 
83.96 ± 7.2, 63.38 ± 6.7 and 56.15 ± 10 respectively. A decrease in the mean 
flexibility coefficient values was shown transversally from 10% to 90% of the 
disc radius (the distance from the pith to the bark). The smallest flexibility 
coefficient values (39.94) were found at the bottom of the tree and 90% of 
the disc radius, whereas the largest flexibility coefficient values (95.00) were 
found at the middle of the tree and 10% of the disc radius. The reported values 
for the flexibility coefficient ranged from 37 to 65 in several Eucalyptus species 
and were 70 and 72 in E. camaldulensis and E. globulus, respectively [34,37]. The 
mean flexibility coefficient values of E. globulus examined in this study were 67.83 
and this result is similar to the values reported by Pirralho et al., [34] and Ona 
et al., [37]. Therefore, the E. globulus fibers investigated in this study belong to 
the elastic fiber groups. Based on this finding, the fiber properties of the studied 
species are suitable for the pulp and paper industry to produce quality paper.

Variation of wall coverage ratio along the tree height and transversally 
from the pith to the bark of the tree: The wall coverage ratio is an index for 
bending resistance and is related to fiber flexibility [14,38]. A material with 
a wall coverage ratio value less than 0.4 is considered to be good pulpwood 
[39]. The present study showed that there was a significant (p<0.05) variation 
in wall coverage ratio values along the tree height and transversally from 
pith to bark. A significant (p<0.05) decrease in the mean wall coverage 
ratio values was shown from the bottom (0.52 ± 0.13) to the top (0.45 
± 0.48) of the tree. On the other hand, no significant (p<0.05) change 
in the mean value of the wall coverage ratio was observed between the 
middle (0.45 ± 0.59) and top (0.45 ± 0.48) sections of the tree (Table 3 
and Figure 11). 

Mean wall coverage ratio values increased transversally from 10% to 90% of 
the disc radius. There was a significant (p<0.05) difference in the mean wall 
coverage ratio values for 50% (0.50 ± 0.06) and 90% (0.52 ± 0.10) of the disc 
radius compared to those for 10% of the disc radius (0.40 ± 0.55). However, 
no significant (p<0.05) change was observed in the mean value of the wall 
coverage ratio between 50% and 90% of the disc radius (Table 3 and Figure 
11). The smallest value of wall coverage ratio (0.30) was found at the bottom 
of the tree and 10% of the disc radius, whereas the largest values of wall 
coverage ratio (0.76) were found at the bottom of the tree and 90% of the 
disc radius. The results of this study also presented a mean wall coverage ratio 
value of 0.47, which is slightly above the recommended values.

Figure 9) Variation of mean slenderness ratio along the tree height and distance from the pith to the bark of the tree; Note: ( ): 10%; ( ): 50%; ( ): 90%

values of  examined in this study were 39.22, which is similar to E. globulus
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3) Aside from the information on the properties of the fibers revealed in 
this study, the production and testing of pulp and paper made from 
them should be carried out.
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CONCLUSION

Significant variations in fiber properties were found along the height and 
in transversal sections across the stems of the investigated Eucalyptus globulus 
trees. Fiber length, lumen and fiber diameter, fiber width, cell wall thickness, 
runkel and wall coverage ratio decreased from the bottom to the top of the 
tree, while they increased transversally from the pith to the bark of the tree, 
except lumen diameter and flexibility coefficient, which decreased from the 
pith to the bark of the tree. The flexibility coefficient value increased from 
the bottom to the top of the tree, while the slenderness ratio also increased 
transversally from the pith to the bark. However, no significant variation in 
slenderness ratio was found along the tree’s height. 

The overall result indicated that, at eight years of age, Eucalyptus globulus grown 
in Farta woreda at gasay possessed all of the accepted fiber qualities needed to 
make pulp and paper. With these properties, Eucalyptus globulus can be used as a 
potential raw material for quality pulp and paper production in the studied areas. 
The following research areas are recommended for future study:

1) Further research should be carried out in different agro-ecologies 
in Ethiopia to obtain a comprehensive understanding of the fiber 
properties of the species.

2) The fiber properties of this species should be investigated for different 
types of tree management and spacing.



941

Evaluation of fiber properties of Eucalyptus globulus grown in Farta woreda as a potential source for 
pulp and paper making, Amhara national regional state, Ethiopia

AGBIR Vol.40 No.2 Mar 2024

21. Moura MJ. Morphological characterization of Eucalyptus globulus wood: 
studies of variability in a tree. Dissertation, University of Coimbra. 1999.

22. Miranda I, Almeida Mh, Pereira H. Variation of fibre biometry in different 
provenances of Eucalyptus globulus Labill. Appita J. 2001;54(3):272-275.

23. Miranda IS, Tome MA, Pereira HE. The influence of spacing on wood 
properties for Eucalyptus globulus Labill pulpwood. Appita J. 2003;56(2):140-144.

24. Miranda I, Pereira H. Variation of pulpwood quality with provenances and 
site in Eucalyptus globulus. Ann For Sci. 2002;59(3):283-291.

25. Pereira H, Miranda I, Tavares F, et al. Quality and technological use of 
Eucalyptus (Eucalyptus globulus). Centro de Estudos Florestais, Lisbon. 2010.

26. Santos AJ, Anjos OM, Simoes RM. Influence of kraft cooking conditions 
on the pulp quality of Eucalyptus globulus. Appita: Tech Inno Manufact 
Environ. 2008;61(2):148-155.

27. Runkel, Von R. On the production of pulp from wood of the genus 
Eucalyptus and experiments with two different Eucalyptus types. Das Papier. 
1949:3476-3490.

28. Ashori A, Nourbakhsh A. Studies on Iranian cultivated paulownia–a 
potential source of fibrous raw material for paper industry. Eur J Wood 
Wood Prod. 2009;67(3):323-327.

29. Istikowati WT, Aiso H, Sunardi, et al. Wood, chemical, and pulp properties 
of woods from less-utilized fast-growing tree species found in naturally 
regenerated secondary forest in South Kalimantan, Indonesia. J wood chem 
Technol. 2016;36(4):250-258.

30. Ohshima J, Yokota S, Yoshizawa N, et al. Examination of within-tree 
variations and the heights representing whole-tree values of derived wood 
properties for quasi-non-destructive breeding of Eucalyptus camaldulensis and 
Eucalyptus globulus as quality pulpwood. J Wood Sci. 2005;51:102-111.

31. Gominho J, Lopes C, Lourenco A, et al. Eucalyptus globulus stumpwood as a 
raw material for pulping. Bioresour. 2014;9(3):4038-4049.

32. Malan FS, Gerischer GF. Wood property differences in South African grown 
Eucalyptus grandis trees of different growth stress intensity. Holzforschung. 
1987;41(6):331-335.

33. Yahya R, Sugiyama J, Silsia D, et al. Some anatomical features of an Acacia 
hybrid, A. mangium and A. auriculiformis grown in Indonesia with regard to 
pulp yield and paper strength. J Trop For Sci. 2010:343-351.

34. Pirralho M, Flores D, Sousa VB, et al. Evaluation on paper making potential 
of nine Eucalyptus species based on wood anatomical features. Industrial 
Crops and Products. 2014;54:327-334.

35. Moriya M. Characteristics of papers and the morphological properties of 
woods. Japan TAPPI J. 1967;21(3):141-150.

36. Bektas I, Tutus A, Eroglu H. A study of the suitability of Calabrian pine 
(Pinus brutia Ten.) for pulp and paper manufacture. Turk J Agric For. 
1999;23(9):589-598.

37. Ona T, Sonoda T, Ito K, et al. Investigation of relationships between cell 
and pulp properties in Eucalyptus by examination of within-tree property 
variations. J Wood Sci. 2001;35:229-243.

38. Amidon TE. Effect of the wood properties of hardwoods on kraft paper 
properties. Tappi. 1981;64(3):123-125.

39. Kami, Parupu GK. Log and log preparation. Japan Technical Association of 
the Pulp and Paper Industry, Tokyo. 1969.

REFERENCES

1. Bowyer JL, Shmulsky R, Haygreen JG, et al. Forest products and wood 
science: an introduction. Lowa: Iowa State Press. 2003;6:45.

2.  Biermann CJ. Handbook of pulping and papermaking. Elsevier. 1996;1:28.

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

4.  Bajpai P. Recycling and deinking of recovered paper. Elsevier. 2013:21.

5. Conley K. Annual Review of Pulp and Paper Statistics. 2022.

6. Food and Agricultural organization. Survey of World Pulp and Paper 
Capacities 2013-2018. 2012.

7. Brooker M, Ian H, Slee Andrew V. Eucalyptus globulus subspecies. bicostata. 
Royal Botanic Gardens, Victoria. 2019.

8. Nanko H, Button A, Hillman D. The world of market pulp. WOMP 
Appleton. 2005;2005:107-109.

9. Getachew D, Melaku A, Demel T, et al. Commercial timber species 
in Ethiopia: characteristics and uses : a handbook for forest industries, 
construction and energy sectors, forestors and other stakeholders. Addis 
Ababa University Press, Addis Ababa. 2012.

10. Beadgie WY, Zemedu L. Analysis of maize marketing; the case of Farta 
woreda, South Gondar zone, Ethiopia. Int J Agri Eco. 2019;4(4):169-180.

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

12. Samariha A. The influence of trees’s age on the physical properties and fiber 
length of Eucalyptus camaldulensis in the Zabol Region at Iran. Mid East J Sci 
Res. 2011;8(5):851-854.

13. Santos AJ, Pereira H, Anjos O. Characterization and within-tree variation 
of wood anatomy of Acacia melanoxylon. Millenium-J Ed Tech Health. 
2018;31(5):13-19.

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

15. Tomazello Filho M. Radial variation in basic density and anatomical 
structure in wood of Eucalyptus globulus, E. pellita and E. acmenioides. Institute 
of Research and Forestry studies. 1987;(36):35-42.

16. Jorge F. Anatomical, physical and chemical variability of Eucalyptus globulus 
Labill wood. University of Lisbon. Lisbon. 1994.

17. Onofre R. Anatomical variability of Eucalyptus globulus Labill wood; from 
Soporcel stands, under contrasting growth conditions. Technical University 
of Lisbon, Lisbon. 1999.

18. Tavares F, Monteiro C, Monteiro J, et al. Radial variation of fiber length and 
vessel characteristics of Eucalyptus globulus Labill. at the end of the second 
rotation. Forest and Paper Research Institute. 2004:707-708.

19. Mohd. Hamami S, Faridah FH, Nor Aini AS. Anatomy of Acacia mangium 
grown in Malaysia. IAWA Journal 1994;14:245-251.

20. Ogunleye BM, Fuwape JA, Oluyege AO, et al. Evaluation of fiber 
characteristics of Ricinodedron Heudelotii (Baill, Pierre Ex Pax) for pulp and 
paper making. International J Sci Tech. 2017;6(1):634-641.

https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=994384
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=994384
https://www.researchgate.net/publication/235004872_The_influence_of_spacing_on_wood_properties_for_Eucalyptus_globulus_Labill_pulpwood
https://www.researchgate.net/publication/235004872_The_influence_of_spacing_on_wood_properties_for_Eucalyptus_globulus_Labill_pulpwood
https://www.afs-journal.org/articles/forest/abs/2002/03/05/05.html
https://www.afs-journal.org/articles/forest/abs/2002/03/05/05.html
https://www.researchgate.net/publication/258072143_Qualidade_tecnologica_do_eucalipto_Eucalyptus_globulus
https://www.researchgate.net/publication/258072143_Qualidade_tecnologica_do_eucalipto_Eucalyptus_globulus
https://search.informit.org/doi/abs/10.3316/informit.995205034619224
https://search.informit.org/doi/abs/10.3316/informit.995205034619224
https://www.researchgate.net/profile/Alireza-Ashori/publication/240361046_Im_Iran_angebaute_Paulownie_als_moglicher_Faserrohstoff_fur_die_Papierindustrie/links/53dfc7350cf2a768e49bde13/Im-Iran-angebaute-Paulownie-als-moeglicher-Faserrohstoff-fuer-die-Papierindustrie.pdf
https://www.researchgate.net/profile/Alireza-Ashori/publication/240361046_Im_Iran_angebaute_Paulownie_als_moglicher_Faserrohstoff_fur_die_Papierindustrie/links/53dfc7350cf2a768e49bde13/Im-Iran-angebaute-Paulownie-als-moeglicher-Faserrohstoff-fuer-die-Papierindustrie.pdf
https://www.tandfonline.com/doi/abs/10.1080/02773813.2015.1124121
https://www.tandfonline.com/doi/abs/10.1080/02773813.2015.1124121
https://www.tandfonline.com/doi/abs/10.1080/02773813.2015.1124121
https://link.springer.com/article/10.1007/s10086-004-0625-3
https://link.springer.com/article/10.1007/s10086-004-0625-3
https://link.springer.com/article/10.1007/s10086-004-0625-3
https://link.springer.com/article/10.1007/s10086-004-0625-3
https://jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/BioRes_09_3_4038_Gominho_Eucalyptus_globulus_Stumpwood
https://jtatm.textiles.ncsu.edu/index.php/BioRes/article/view/BioRes_09_3_4038_Gominho_Eucalyptus_globulus_Stumpwood
https://www.degruyter.com/document/doi/10.1515/hfsg.1987.41.6.331/html
https://www.degruyter.com/document/doi/10.1515/hfsg.1987.41.6.331/html
https://www.jstor.org/stable/23616663
https://www.jstor.org/stable/23616663
https://www.jstor.org/stable/23616663
https://www.sciencedirect.com/science/article/abs/pii/S0926669014000478
https://www.sciencedirect.com/science/article/abs/pii/S0926669014000478
https://www.jstage.jst.go.jp/article/jtappij1955/21/3/21_3_141/_article/-char/ja/
https://www.jstage.jst.go.jp/article/jtappij1955/21/3/21_3_141/_article/-char/ja/
https://journals.tubitak.gov.tr/agriculture/vol23/iss9/7/
https://journals.tubitak.gov.tr/agriculture/vol23/iss9/7/
https://link.springer.com/article/10.1007/s002260100090
https://link.springer.com/article/10.1007/s002260100090
https://link.springer.com/article/10.1007/s002260100090
https://www.cabidigitallibrary.org/doi/full/10.5555/19810673334
https://www.cabidigitallibrary.org/doi/full/10.5555/19810673334
http://svc043.wic023v.server-web.com/pdf/pdf-members/afj/AFJ%202007%20v70/3/12BookReview2.pdf
http://svc043.wic023v.server-web.com/pdf/pdf-members/afj/AFJ%202007%20v70/3/12BookReview2.pdf
https://books.google.co.in/books?hl=en&lr=&id=sfZfyEmqs_AC&oi=fnd&pg=PP2&dq=6.%09Bierman,+J.C.+(1996).+Handbook+of+pulping+and+paper+making.+Academic+Press,+California&ots=Z_OeSB_baf&sig=8N6RUnam7tOwOBVAPzW4r6D6ErY&redir_esc=y#v=onepage&q&f=false
https://www.researchgate.net/publication/281577627_Paulownia_a_fast-growing_plant_as_a_raw_material_for_paper_manufacturing
https://www.researchgate.net/publication/281577627_Paulownia_a_fast-growing_plant_as_a_raw_material_for_paper_manufacturing
https://books.google.co.in/books?hl=en&lr=&id=DZ3TAAAAQBAJ&oi=fnd&pg=PP1&dq=3.%09Bajpai,+P.+(2013).+Recycling+and+deinking+of+recovered+paper.+Elsevier+Science,+Amsterdam.+&ots=IewGaM_Xij&sig=BpVfoiUli0jH-JkoPBEkKWna2wA&redir_esc=y#v=onepage&q=3.%09Bajpai%2C%20P.%20(2013).%20Recycling%20and%20deinking%20of%20recovered%20paper.%20Elsevier%20Science%2C%20Amsterdam.&f=false
https://www.fao.org/3/i3961t/i3961t.pdf
https://www.fao.org/3/i3961t/i3961t.pdf
https://search.worldcat.org/title/world-of-market-pulp/oclc/804267798
https://searchworks.stanford.edu/view/10220264
https://searchworks.stanford.edu/view/10220264
https://searchworks.stanford.edu/view/10220264
https://www.cabidigitallibrary.org/doi/full/10.5555/20113346874
https://www.cabidigitallibrary.org/doi/full/10.5555/20113346874
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://www.cabidigitallibrary.org/doi/full/10.5555/19900644784
https://www.cabidigitallibrary.org/doi/full/10.5555/19900644784
https://www.researchgate.net/publication/292744408_Radial_variation_of_fiber_length_and_vessel_characteristics_of_Eucalyptus_globulus_Labill_at_the_end_of_the_second_rotation
https://www.researchgate.net/publication/292744408_Radial_variation_of_fiber_length_and_vessel_characteristics_of_Eucalyptus_globulus_Labill_at_the_end_of_the_second_rotation
https://www.researchgate.net/publication/292744408_Radial_variation_of_fiber_length_and_vessel_characteristics_of_Eucalyptus_globulus_Labill_at_the_end_of_the_second_rotation
https://www.cabidigitallibrary.org/doi/full/10.5555/19940600567
https://www.cabidigitallibrary.org/doi/full/10.5555/19940600567

