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ABSTRACT 
 
Acacia seyal var. seyal is considered as one of the widely distributed tree species in 
Sudan particularly in the poor rural area; nevertheless rural populations are not 
benefiting much from its wood. Acacia seyal’s uses concentrate in charcoal, 
firewood and fuel wood due to the lack of information on its wood properties. 
Despite the richness of Sudan in most of basic factors required to establish forest 
based industries it still almost entirely dependent on imports to satisfy its needs of 
the products of such industries like pulp and paper, fibreboard etc. There is an 
urgent need to evaluate the available local raw materials as potential sources for 
forest bases industries. This would not only reduce imports, but it would also 
promote rural development and alleviate poverty and improve livelihoods of local 
communities. The present study was carried out to investigate the wood 
properties of Acacia seyal var. seyal and assess its suitability for flooring, pulp and 
paper industries. This species is widely distributed and easily grow all over Sudan 
and under different soil types and ecological zones. The wood materials were 
collected from different zones in Sudan. Some anatomical, physical and mechanical 
properties were investigated and their results were used to consider the 
suitability of the selected tree species for flooring, pulp and paper industries. In 
anatomical investigations, Fiber characteristics were evaluated. Concerning 
physical and mechanical investigations, wood density and hardness strength were 
determined respectively. The overall anatomical, mechanical and physical 
investigations of the studied species indicate its suitability for flooring, pulp and 
paper industries. This will enhance the establishment of wood industry in 
undeveloped rural areas where ever the wood raw materials and the water supply 
are available. Such development will help in the poverty elimination and leads to 
rural people welfare. 
 
Key words: Acacia seyal var. seyal, forests based industries, rural development, 
Sudan.  

 
 
INTRODUCTION 
 
rSudan is endowed by a great diversity of tree species; it 
encompasses about 3156 species belonging to 1137 genera 
and 170 families (Broun and Massay, 1929; Andrews, 1950; 
1952; 1956; El Amin, 1990). Nevertheless the utilization of 
wood resources has traditionally concentrated to a few 
numbers of species, due to the lack of information about the 
wood   properties  of  many  indigenous species  growing  in  

 
 
Sudan. Despite the richness of Sudan in  most of the basic 
factors  required  to  establish  pulp  and  paper  and  
flooring  industry, it is still  dependent  on imports to satisfy 
its needs for pulp and paper and other wood based 
composite products. There is currently no flooring industry 
in Sudan. It is therefore evident that there is an urgent need 
to   assess  the  suitability  of  local fibrous raw materials for  
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Figure 1: General features of Acacia seyal var. seyal; 1. Adult tree, 2. Powdery red bark 3. Leaves, fruits 
and flowers 4. Wood (cross section). 

 
 
paper and flooring industries. Domestic sources  of  such  
industries  would  not only  reduce  imports  but  also  
provide  an  economic  incentive  to  the  forestry  and  
industrial sectors of Sudan. A comprehensive knowledge of 
wood properties is essential for its best utilization. Wood 
density is the most significant property in determining 
wood end uses. It has strong effect on the yield, strength, 
and general quality of most of the products produced from 
wood. Wood density is considered one of the most 
informative properties about the physical-mechanical 
behavior of wood for timber, pulp and paper production 
(Lima et al., 2000; Raymond and Muneri, 2001) and has 
been also included as a selection parameter. Wood anatomy 
is described as fundamental basis of timber utilization. A 
wood anatomist can suggest uses, especially for wood that 
are not in a commercial demand. Previous studies have 
shown that fiber morphology is an important indicator for 
end-use. 

Each end product has a unique set of requirements. For 
instance, both wood density and fiber characteristics 
determine whether the raw material is suitable for pulp 
and paper industry (Igartúa et al., 2003; Monteoliva et al., 
2005). Basic wood density influences both the paper-
making process and the properties of paper. It is an 
important economic indicator of pulpwood quality (Balodis, 
1994). The fibers characteristics are considered the major 
variable used in determining the level of suitability of wood 
species in pulping (Ogunwusi, 2001; Peltola et al., 2009). 
Fibers dimension and their derived values correlate with 

most of the strength properties of pulp. Many researchers 
have successfully used the fibers dimension and their 
derived values to assess the suitability of their study 
species for pulp and paper making. For instance, Ajuziogu 
and Ojua (2020) in their study on the wood and blast fibers 
of Gmelina arborea, Ajala and Noah (2019) in their study of 
Aningeria robusta wood, Sadiku and Abdukareem (2019) in 
a study of the suitability of some Nigerian tropical timber 
species for pulp and paper making, Ververis et al. (2004) in 
a study of fiber dimensions and lignin and cellulose content 
of four non-wood plants (kenaf, giant reed, switch grass and 
miscanthus) and three agricultural residues (cotton, 
almond tree and olive tree) growing in Greece. Many other 
researchers like Saikia et al. (1997), Ogbonnaya et al. 
(1997), Ajuziogu et al. (2010), and Ekhuemelo and Tor 
(2013), Noah et al. (2015), Ekhuemelo and Udo (2016), 
Ogunleye et al. (2017), Ogunjobi et al. (2018) and Riki and 
Oluwafemi (2020) have also successfully used the fibers 
dimension and their derived values to assess the suitability 
of various fiber raw materials for pulp and paper 
manufacture. 

In flooring industry, wood density and hardness strength 
are considered the most important factors to determine the 
suitability of wood for such industry. According to 
Haygreen and Bowyer (1996), mechanical properties are 
usually the most important characteristics of wood product 
to be used in structural applications such as flooring and 
rafters, structural panel roof, wall sheathing, etc...Wood 
density   is     acknowledged   to    affect    most     mechanical  
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Figure 2: Acacia seyal var. seyal distribution in Sudan (Adapted by the author 
from Source1). 

 
 
properties (Haygreen and Bowyer, 1996; Barnett and 
Jeronimidis, 2003; Bowyer et al., 2003; Kiaei and Samariha, 
2011). Cown et al. (1992) reported that the density of wood 
is recognised as the key factor influencing wood strength. 
According to Schniewind (1989) much of the variation in 
wood strength, both between and within species, can be 
attributed to differences in wood density. Research has 
shown that higher density species tend to have stronger 
timber than lower density species (Tsehaye et al., 1995; 
Walker and Butterfield, 1996). Wood properties studies 
have a special significance in countries like Sudan where 
only a few timbers are well known. After oil industry 
development in Sudan, great amounts of wood will be 
available for uses other than energy because oil products 
will gradually replace wood, the main energy resource. This 
research is an attempt to provide basic information on 
some anatomical, mechanical and physical properties of 
Acacia seyal var. seyal wood in order to assess its suitability 
for pulp and paper and flooring industries. Acacia seyal var. 
seyal is a deciduous, small to medium-sized tree with 3 - 10 
m height (El Amin, 1990; Orwa et al., 2009), its diameter at 
breast height reaches 30 cm (Mustafa, 1997). Its bark is 
powdery, smooth or sparsely flaking, orange red, with a 
green layer beneath (El Amin, 1990; Von Mydell, 1990; 
Orwa et al., 2009). 

Crown is umbrella shaped; Leaves are bipinnate, dark 
green with 4 - 12 pairs of pinnae (Orwa et al., 2009). Fruits 
are falcate, dehiscent pods, light brown in colour (El Amin, 

1990; Orwa et al,. 2009), Flowers clustered in shining, 
yellow, globose heads (the general features of Acacia seyal 
var. seyal is presented in Figure 1). Acacia seyal var. seyal 
wood is used widely as both firewood and charcoal (Vogt, 
1995; Orwa et al., 2009). In Sudan, it provides the best 
charcoal and used to make a fragrant fire over which 
women perfume themselves (Orwa et al., 2009). The timber 
is used in construction, light furniture in rural areas (Vogt, 
1995; Wickens et al., 1995). Bark and pods contain around 
18-20% tannin and is used for tanning leather in Sudan 
(Wickens et al., 1995). Also it produces gum which is called 
talha gum (Barbier et al., 1990; McAllan, 1993; Orwa et al., 
2009). In Sudan, Acacia seyal var. seyal is found on dark 
cracking clays on higher slopes of rivers and valleys on the 
hard clay plains of Central Sudan and on clay of seasonally 
wet depressions (El Amin, 1990). It also extends from 
Gadarif, Blue Nile, and White Nile to clay plains around 
Nuba Mountains and the Darfur Region and along the main 
stream of river Nile and its tributaries (Sahni, 1968; El 
Amin, 1990; Mustafa, 1997) (see Figure 2).  
 
 
MATERIALS AND METHODS 
  
Materials 
 
The wood raw materials were collected randomly from 10 
forests   located  in   four   states   in   Sudan  namely :  North  
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Figure 3: Location and characterization of the study areas. (*= Zone’s mean annual rainfall of 10 years, 2000-2009). 

 
 
Kordofan State, South Kordofan State, Blue Nile State and 
White Nile State. According to the mean annual rainfall for 
ten years (2000-2009), the study areas were divided into 
two zones; zone one: with a relatively low rainfall (273 mm 
annually, mean average rainfall), and zone two: with 
relatively high rainfall (the mean average rainfall is 701 
mm annually). The location and characterization of the 
study areas are summarised in Figure 3, while sampling 
procedure is presented in Figure 4. Three healthy and 
straight trees were selected randomly and cut down from 
each forest give a total of 30 trees. The tree total height, 
merchantable height (main tree poles that produced sawn 
wood or timber) and diameter at breast height (DBH) were 
measured for each tree. Two discs of 30 cm thick were 
obtained from each tree at 10% and 90% of the 
merchantable height. For each disc, the number and the 
north direction were marked in the upper part. The bark 
was removed (debarking), because of its susceptibility to 
termites and wood borer insects attack and then the 
debarked discs were wrapped in plastic bags. Afterwards 
the discs were cut into small samples or strips (include 
tree’s pith) with 3 x 3 x tree diameter in cm. Three free of 
defect strips were taken from each 90% disc and four from 
10% disc given a total of 7 strips for each tree. One sample 

from the 10% disc and one from the 90% disc for each tree 
were wrapped in plastic bags and immediately stored in a 
refrigerator to keep it wet (these were later used in basic 
density investigation). The remaining strips were air dried. 
Then each strip was cut into small samples and used for 
wood properties investigations (Figure 4). 
 
 
Methods 
 
Wood density  
 
Two wood density types were measured in the current 
study: basic density as well as air dry density. The wood 
basic density was measured as oven-dry mass/green 
volume. One wet sample (strip) from each stem height 
(10% and 90%) was taken and was cut from the pith 
(center) into two parts and each part has been sawn into 
small specimens of 3×1×3 cm. The specimens green volume 
was determined by water replacement method. Then were 
immediately transferred into an oven and dried for 48-72 
hours until the constant mass was attained. The dry weight 
was measured using sensitive digital balance. The basic 
density    was    calculated   using   the   following    formula: 
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Figure 4: Sampling procedure. 
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                                                                                                        (1) 
 
Where, D is the basic density in kg/m³. Woven dry is the oven 
dry weight in kilogram. Vgreen is the green volume in m³. 
 
The wood air dry density was measured as air dry mass/air 
dry volume. One sample was chosen from each height (10% 
and 90%). The samples were then cut from the pith 
(centre) into two parts (radiuses). One radius was chosen 
for air dry density determination. Small specimens of 
3×1×3 cm were cut from each radius. The air dry 
gravimetric method was conducted on the basic of DIN 52 
182 (Anonymous 1991) the samples were conditioned to a 
constant mass at 20°C air temperature and 65% relative 
humidity. The specimen’s weight was measured using a 
sensitive digital balance. The volume was measured using 
micro callipers (Mitutoyo Digimatic Model CDN-P30). The 
basic density was calculated using the following formula: 

v
w

dryair 

dryair D
                                                                                                       

                                                                                                         (2) 
 
Where, D is the air dry density in g/cm³. Wair dry is the air 
dry weight in g. Vair dry is the air dry volume in cm³. 
 
 
Fiber dimensions and their derived values 
 
Two anatomical tests were conducted, maceration test to 
measure fiber length and the softening test to measure fiber 
diameter and lumen diameter. One air dry sample or strip 
from stem height 10% was selected from each tree of the 
studied species and was separated from the pith 
localization into two samples (radiuses). One radius was 
taken to perform the anatomical properties investigations 
as illustrated in Figure 4. The maceration procedure 
developed by Shultze as cited in Jane (1970) was adopted 
to  macerate  the  woody  materials.  Small  slivers  of   wood  
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Figure 5: Fiber length measurement using measuring scale. 
 

 

 
 
Figure 6: Fibers diameter and lumen diameter measurements using ImageJ software.  

 
 
were placed in test-tubes, to which 65% nitric acid with a 
few crystals of potassium chlorate (KCLO3) was added and 
then warmed up in a water bath for about 5-10 minutes. 
The macerated material is washed, stained, rewashed, fixed 
in slides and then left left 24 hours to dry. A number of 40 
fibers length were measured randomly from each sample 
using light microscope (model: Variant Jenamed) with a 10x 
ocular lens provided with a measuring scale graduated into 
ten equal segments and each segment is graduated into ten 
sub-segments (Figure 5). Concerning the softening test, One 
sample of 0.5 x 0.5 x 1 cm was cut from each sampling point 

(10% and 90% distance from pith to bark). The samples 
were softened by boiling in water for about 8-10 hours. 
Transverse (cross) sections 10-15μm in thickness was cut 
using GSL1 microtome (invented by H. Gaertner, F.H. 
Schweingruber & S. Luccinetti). The prepared sections were 
dehydrated in a graded ethanol series (25%, 50% and 
absolute, respectively), stained and dehydrated again. The 
sections were fixed in slides and left 24 hours to dry. Nikon 
coolpix 990 Camera fixed in light microscope (model: 
Variant Jenamed) which in turn was connected with PC 
were  used  to  take  photos  from the  prepared  slides.   The   
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Figure 7: Hardness test methodology: 1) TIRA test 28100, 2) Sander machine, 3) Press of the steel ball 
into wood sample, 4) Micro loupe, 5) and 6) Indentation point in cross and radial sections respectively. 

 
 
image j software was used to measure the fibers’s 
dimension from the photos. A number of 40 fibers were 
selected randomly to measure fiber diameter and lumen 
diameter (Figure 6). Fibers wall thickness was calculated 
using the following equation: 
 

2

LDD
WT


                                                                                                             

                                                                                                         (3) 
 
Where: WT is wall thickness; D is diameter and LD is lumen 
diameter 
Three derived values were also calculated using fiber 
dimensions:  
Slenderness ratio as fiber length/fiber diameter, 
Flexibility coefficient as (fiber lumen diameter/ fiber 
diameter) × 100 and 
Runkel ratio as (2 × fiber cell wall thickness)/lumen 
diameter.  
 
 
Hardness strength 
 
Brinell hardness test was conducted on the basis of DIN EN 
1534 (Anonymous 2000) to measure the hardness strength 
of the studied species. One sample (stripe) conditioned at 
12% from each stem height (10% and 90%) were selected. 

Each stripe was split from the pith (center) into two 
radiuses. In order to obtain soft surface, the four sides of 
each radius were sanded using sanding machine. After 
sanding, the samples were conditioned at 20°C air 
temperature and 65% relative humidity. The TIRA test 
28100 machine provided by a hardened steel ball with a 
diameter of 10 ± 0.01 mm was used to perform the 
hardness test in the transverse and radial sections (Figure 
7). The following equation has been used to get the 
hardness: 
 

))((..

2
2/122 dDDDg

F
H





                                                                                        

                                                                                                         (4) 
 
Where: 
H is the hardness, g is the acceleration due to gravity, in 
meters per second squared, π is the factor „pi“ (≈ 3.14), 
F is the nominal force in Newton, 
D the ball diameter in millimetres, 
d is the diameter of the impression point in millimetres. 
 
 
RESULTS AND DISCUSSION 
 
In this section the study species wood properties mean 
values were provided and discussed and then the suitability  
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Table 1: Acacia seyal var. seyal wood density, fiber characteristics and Brinell  Hardness strength properties. 
 

Property Mean ± Std 

Density  

Basic density (kg/m³)  724.68 ± 62.19 

Air dry density ( g/cm³) 0.893 ± 0.079 

  

Fiber characteristics   

Fiber length (mm)  1.26 ± 0.19 

Diameter (μm)  10.70 ± 2.52 

Lumen diameter (μm)  3.71 ± 1.37 

Wall thickness (μm)  3.46 ± 0.82 

Flexibility Coefficient (%)  34.44 ± 7.99 

Runkel ratio  1.99 ± 0.68 

*Slenderness ratio  117.76 

  

Hardens strength (N/mm2)  

Transverse surface 84.03± 13.63 

Radial surface 51.18 ± 9.63 
 

*Slenderness values does not include Std. because it is calculated from the mean values of fiber length and diameter. 

 

 
of the studied species for paper making and flooring 
industries were assessed by comparing their wood 
properties with the acceptable values for the specific 
industry and with those of other hardwood species in 
commercial use for the specific industry.  
 
 
Wood properties  
 
The results of studied species wood properties as mean 
values are presented in Table 1. According to Table 1, the 
average wood basic density of Acacia seyal (724 kg/m³) 
was in the range of tropical hardwoods of 400-900 kg/m³ 
(Tissot, 1985). It can be classified as heavy (density ≥ 720 
kg/m³) according to Melo et al. (1990) classification. Acacia 
seyal density obtained in the current study was higher than 
those obtained by other authors such as Khristova et al. 
(1998) and Khristova et al. (2004) (649 kg/m³ and 669-692 
kg/m³, respectively). According to the studied species wood 
air dry density mean value provided in Table 1, Acacia seyal 
wood can be classified as heavy (from 0.800 to 1.120 
g/cm3) based on the Malaysian grading rules for sawn 
timber (Anonymous 1984). The obtained air dry density 
value (0.893 g/cm3) is much higher than those reported by 
Osman (2001) of 0.66 g/cm3. Concerning the hardness 
strength, the studied species wood can be classified as very 
hard, according to the Brinell hardness strength 
classifications provided by in Mörath in Lohmann (1991). 
Referring to the study species fiber characteristics mean 
values provided in Table 1, fiber lengths and diameters of 
the studied species are within the range of hardwood of 

0.7-2.0 mm and 10-60 μm, respectively (Ilvessalo-Pfafflim, 
1995). The studied species fibers can be classified as short 
according to Wagenführ (1989), medium according to 
IAWA (1989) and Metcalfe and Chalk (1983) classifications. 
It has thick wall fibers according to Chattaway (1932) 
classification and are also within the range for hardwood 
species (3.0 – 7.0 μm) as cited by Khristova et al. (1998). 
The thick fiber wall leads to obtain a high Runkel ratio (>1). 
The studied species fibers have a high Slenderness ratio 
(117) compared to those of some softwood and certainly to 
most hardwoods. Fibers are classified into four groups 
according to the flexibility coefficient (Elasticity coefficient) 
(Bektas et al., 1999): High elastic fibers have an elasticity 
coefficient greater than 75, elastic fibers have an elasticity 
ratio of 50-75, rigid fibers have an elasticity ratio of 30-50, 
and highly rigid fibers have an elasticity ratio of less than 
30. According to this classification, the studied species 
belongs to the rigid fibers group. 

In comparison with Acacia seyal var. seyal wood fiber 
characteristics available in literature, the fiber lengths of 
Acacia seyal obtained from the current study (1.26 mm) are 
greater than those obtained by Khristova et al. (2004) (0.8 
mm), Osman (2001) (1.07 mm), Gamal (2007) (1.09 mm) 
and Yousif (2000) (1.09mm). On the other hand, the fiber 
diameter mean values obtained in the current study are 
smaller than those obtained by the previously mentioned 
authors of 13.8 μm, 14.7 μm, 18.8 μm and 18.0 μm, 
respectively. However, Khristova et al. (1998) reported a 
similar value of fiber length as that obtained in the current 
study (1.2 mm). Acacia seyal fiber lumen diameter values 
(3.71 μm) obtained in the current study are extremely small   
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Table 2: Acacia seyal var. seyal Fiber Characteristics and wood Basic density compared with the acceptable values for pulp 
and paper making (PPM) and those of Gmelina arborea as reference species. 

 

Property Acacia seyal var. seyal Acceptable values for PPM 6Gmelina arborea 

Basic density (kg/m³)  724.68 350-6501 510 

Fiber length (mm)  1.26 ≥ 12 1.28 

Flexibility Coefficient (%)  34.44 > 603 73 

Runkel ratio  1.99 0.25 - 1.54 0.39 

Slenderness ratio  117.76 < 335 50 
 

1Casey (1980), 2Source 2, 3Petri (1952), Okereke (1962), Rydholm (1965), 4Valkomer (1969), 5Xu et al. (2006) and 6Ogunkunle and 
Oladele (2008). 

 

 

in comparison with those obtained by Osman (2001) (12.2 
μm) and Gamal (2007) (7.78 μm) but comparable with 
those of Khristova et al. (1998) (4.7 μm). Acacia seyal fibres 
wall thickness (3.46 μm) revealed in the current study is 
bigger than those revealed by both Khristova et al. (2004) 
(2.3 μm) and Osman (2001) (2.6 μm) but smaller than those 
revealed by Khristova et al. (1998) (5 μm) and Gamal 
(2007) (5.49 μm). Acacia seyal slenderness ratio calculated 
in the current study (117.76) is much bigger than those 
recorded by Khristova et al. (1998), Khristova et al. (2004), 
and Gamal (2007) of 77, 64 and 59.9 respectively. Khristova 
et al. (2004) and Gamal (2007) recorded higher values of 
flexibility coefficient (77% and 42%) and smaller values of 
Runkel ratio (0.3 and 1.65) than those estimated in the 
current study of 34.44 % and 1.99, respectively. While the 
flexibility coefficient and Runkel ratio values recorded by 
Khristova et al. (1998) (32% and 2.1%) are close to that 
estimated in the current study. Khristova et al. (2004) 
collected samples from 5 and 6 year-old-trees. This may be 
the reason for the small obtained values of fiber length, 
lumen diameter and wall thickness in comparison to the 
values obtained from the current study. However, the 
reasons for the higher values of fiber diameter, lumen 
diameter and wall thickness obtained by Gamal (2007) may 
be due to the fact that the author measured the fiber 
dimension in the middle point of fiber length and therefore 
the obtained values can be considered as maximum values.  
 
 
The suitability for pulp and paper making 
 
Basic density and fiber characteristics appeared to exert 
considerable influence on paper properties. They are 
considered as a good predictor of the suitability of the 
wood raw material for pulp and paper making (Igartúa et 
al., 2003; Monteoliva et al., 2005). Therefore, the suitability 
of the study species for pulp and paper making (PPM) is 
assessed in this research study by comparing the studied 
species’ wood basic density and fiber characteristics with 
those of the acceptable values for PPM and with Gmelina 
arborea, which is used commercially in paper production. 
Table 2 provides information about the studied species 

wood properties mean values in comparison with the 
acceptable values for PPM as well as the wood properties 
values of Gmelina arborea. Wood basic density is 
considered the best single index for pulp yield and quality 
(Bendtsen, 1978). Acacia seyal wood basic density is 
slightly above the range for commercial temperate 
pulpwood of 350 - 650 kg/m³ (Table 2). The yield of pulp 
per unit volume is directly related to the wood basic 
density, paper resistance, optical properties and surface 
quality (Igartúa et al., 2003). Thus denser wood provides 
more volume/weight in the time unit. A high basic density 
is desirable economically as it means that the digester 
capacity required is lower. Accordingly, the study species 
wood is considered suitable for paper making. However, 
using younger tree with lower wood basic density is 
recommended. Fiber length is one of the major factors 
controlling the strength properties of paper as it is 
associated with the number of bonding site available on an 
individual fiber (Dinwoodie, 1965; Ogbonnaya et al., 1997; 
Wang, 2014). Haygreen and Bowyer (1996), Panshin 
(1998) and Oluwadare and Sotannde (2007) reported that 
the longer the fiber, the higher is the tear resistance. Thus, 
wood species with short fiber are less suitable for paper 
making than the long-fiber species (Dickman, 1975; 
Anonymous, 1978; Ademiluyi and Okeke, 1979; Sadiku and 
Abdukareem, 2019; Okoegwale et al., 2020). According to 
Table 2, the fiber length of the studied species is bigger than 
the acceptable value for PPM and comparable to that of 
Gmelina arborea. The study species fibers can be classified 
as short according to Wagenführ (1989), medium according 
to IAWA (1989) and Metcalfe and Chalk (1983) 
classifications. 

Many authors confirmed the suitability of species with 
equal and event shorter fiber length than the studied 
species for pulp and paper making. Good examples are the 
species studied by Khristova el al. (1997, 1998), Khristova 
and Karar (1999), Khristova et al. (2004) and that of Dutt 
and Tyagi (2011). Therefore, the study species wood 
consider suitable for PPM. The most important fiber 
derived values on pulp and paper industry are flexibility 
coefficient, Runkel ratio as well as slenderness ratio. Those 
derived  values   are  more  useful for determining the paper  
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Table 3: The study species air dry density and hardness strength compared with the reference species. 
 

Property Acacia seyal var. 
seyal 

References species* 

Milletia laurentii Quercia rubra 

Air dry density (g/cm³)  0.893 0.860 (0.810 - 0.950) 0.700 (0.550 - 0.980) 

Hardness strength (N/mm2)    

Transverse surface 84.03 39 (30 - 45) 53-66 

Radial surface 51.18 24(21 - 27) 29-36 
 

*Wagenführ (2007). 

 

 
making potential of a woody species than its absolute fiber 
length. Dinwoodie (1965), Ademiluyi and Okeke (1979), 
Sadiku and Abdukareem (2019) stressed the importance of 
the fiber derived values on pulp strength. Fibers with a high 
Runkel ratio are considered less desirable for papermaking 
(Jang and Seth, 1998). The high Runkel ratio (more than 1) 
gives low paper strength properties, specifically low burst, 
tear and tensile indexes (Bektas et al., 1999) and would 
produce porous papers (Iwenofu, 1979) and form bulkier 
paper with lower bonded area when compared to low 
Runkel ratio fibers (Istikowati et al., 2016). According to 
Table 2, the Runkel ratio of Acacia seyal estimated in the 
current study was 1.99 which is bigger than the acceptable 
range of papermaking (0.25-1.5) and bigger than that of 
Gmelina arborea (0.39). However, Khristova et al. (1997, 
1998) confirmed the suitability of species with higher 
Runkel ratio for papermaking (2.9-2.5 respectively). It is 
expected that the study species wood will produce poor 
paper unless mixed with those of soft-wood or recycled 
paper pulps. Fiber slenderness ratio significantly influenced 
the breaking length, bursting, tearing and stretch of the 
pulp sheets (Ogunjobi et al., 2014). 

The studied species fibers were of good slenderness 
ratios (117.76), much more than the acceptable value for 
papermaking of < 33 and that of Gmelina arborea (50). It is 
much bigger than almost all those of hardwood used in 
papermaking and also bigger than some soft wood species 
like Pinus kesiya (56.51) as cited in Dutt and Tyagi (2011). 
Therefore, the studied species wood consider suitable for 
pulp and paper making and are expected to produce paper 
with high tear resistance. Flexibility coefficient is another 
important criterion for evaluating fiber quality for Pulp and 
paper making. A high flexibility coefficient or elasticity 
coefficient (ratio of fiber lumen diameter and fiber 
diameter; Wangaard, 1962) is necessary for fibers used in 
papermaking (≥ 50 but preferably > 60). This is because 
paper strength tends to improve with increasing flexibility 
coefficient (Petri, 1952; Okereke, 1962; Rydholm, 1965; 
Akpakpan et al., 2012). The flexibility coefficient of the 
studied species are much lower than the acceptable value 
for papermaking of preferably >60 and that of Gmelina 
arborea (73), but are comparable to those of Balanites 
aegyptiaca (25.3), Eucalyptus tereticonis (36.5) studied by 
Khristova et al. (1997), Acacia mellifera (36), A. senegal 

(28), A. seyal var. fistula (32), A. seyal var. seyal (32) studied 
by Khristova et al. (1998) which is considered suitable for 
pulp and paper making. The overall wood properties of the 
studied species qualify it for pulp and paper making. 
However, it is recommended to mix the pulp produced from 
the studied species fibers with softwood fibers or recycled 
paper pulps to improve their properties. 
 
 
The suitability for flooring industry 
 
In flooring industry, the most important wood properties 
which determine the suitability of the wood for such 
industry is the hardness. Wood density is acknowledged to 
affect most mechanical properties (Haygreen and Bowyer, 
1996; Barnett and Jeronimidis, 2003; Bowyer et al., 2003; 
Kiaei and Samariha, 2011). Therefore, this section assess 
the suitability of the studied species for flooring industry by 
comparing their air dry density and Brinell hardness 
strength mean values with those of the Amercian´s flooring 
industry benchmark Quercia rubra (Red oak) and those of 
Milletia laurentii DE wild (Wengé) which is widely used in 
the flooring industry in Africa, as reference species (Table 
3). Acacia seyal wood is considered heavy (according to its 
air dry density); its wood is classified as very hard 
(according to its hardness strength), as previously 
mentioned in wood properties section. The higher the 
density the harder the wood is which is good for flooring. 
However, too high density is not preferable because it may 
lead to a problem in shrinkage and swelling behaviour. 
Thus, species with too high density are not preferable in the 
flooring industry. According to Table 3, the studied species 
has higher air dry density and hardness strength mean 
values than those of Quercia rubra as well as Milletia 
laurentii which is commercially used in flooring industry. 
However, the density of Acacia seyal falls within the range 
provided for the reference species. Therefore, it is 
considered compatible for flooring industry. 
 
 
CONCLUSION 
 
Wood density, fiber dimensions and hardness strength of 
the studied  species  are  in the normal range for hardwoods  
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species. In general wood basic density and fiber 
characteristics of the studied species are compatible for 
pulp and paper industries. However, it is recommended to 
mix the pulp produced from the studied species wood with 
soft-wood or recycled paper pulps to improve their 
properties. Also its hardness strength as well as air dry 
density are compatible for flooring industry. The suitability 
of the studied species for such advanced industries would 
not only reduce imports, but will enhance the 
establishment of wood industry in the undeveloped rural 
areas.                                                                                                     
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