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Abstract  
This study was carried out to determine the variation in the fibre properties of Newbouldia laevis in middle belt zone of Nigeria with the 

aim of assessing its suitability for pulp and paper manufacturing. Samples were obtained from three different locations: Lokoja in Kogi 

State, Akwanga in Nasarawa State and Makurdi in Benue State. The treatment was analyzed with respect to the three locations and 12 

tree samples per location were involved. Five disc were collected axially from the base at 5%, 25%, 50%, 75% and 85% of the whole 

length of each stems, while radial samples were collected from the core, middle, outer and bark. Physical parameters: ring width, pith 

diameter, bark thickness, bark proportion, proportion of bast fibre and grain orientation were estimated on the 36 sampled trees, while 

fibre parameters such as fibre length, fibre diameter, lumen width, cell wall thickness and derived fibre morphology (Runkel ratio, 

flexibility ratio and felting coefficient) were determined on axial and radial directions in four tree samples per location. ANOVA was 

used to analyze the effect of Location on the variables assessed. The study was laid in a 5 x 4 x 12 factorial experiment in Randomized 

Completely Block Design (RCBD). The mean fibre length was 2.23±0.47mm, 14.78±3.36µm for lumen width, 19.74±1.97µm for fibre 

diameter, and the mean cell wall thickness was 2.48±2.25µm. The results of fibre characteristics of Newbouldia laevis showed that the 

highest fibre length of 2.28±0.42mm was observed in the samples collected at Lokoja, this was followed by 2.23±0.46mm from Akwanga 

samples, while the least fibre length of 2.19±0.64mm was observed in the Makurdi samples. The highest fibre diameter of 19.64±1.87μm 

was observed in the samples from Akwanga, followed by 19.45±1.86μm those from Makurdi while 19.44±1.98μm was observed in those 

from Lokoja. The highest lumen width of 15.90±1.66μm was observed in Makurdi, while the highest cell wall thickness of 3.10±0.51μm 

was observed in Akwanga. The Fibre length, lumen width and cell wall thickness varied significantly along the stem axis (p<0.05). Fibre 

characteristics of Newbouldia laevis as reported in this study showed that they are well suited for tissue, corrugating medium, newsprint, 

and writing paper. However, detailed assessment of pulp and paper produced from Newbouldia should be conducted; this will 

substantiate its suitability as a potential source of fibre pulpwood. Pulp and Paper industries should harness its potentials as it can be used 

as part of the needful to revive the Nigerian pulp and paper industry.  
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Introduction 
Pulp can be made from many species of wood but the 

commercial utility of a particular species depend on several 

factors such as the suitability of their fibres. The use of tropical 

hardwood species, as alternative to the temperate soft wood 

species like Pines and Cyprus, as raw materials for pulp and 

paper production is yielding commendable results today. 

Hardwood pulps are easier to bleach and possess the capability 
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of being used to manufacture a wide range of specialty grades 

when blended with softwood chips (Egbewole and Rotowa, 

2016). 

In order to cub the unending quest for alternative 

tropical hardwood species to the temperate soft wood species for 

pulp and paper manufacturing which has been bedevilling paper 

industry in Nigeria, Oluwadare and Egbewole, (2008) suggested 

that there should be a concomitant search on the fibre 

characteristics and pulping potentials of tropical hardwood 

species. It was observed by Ogunwusi (2001) that fibre 

characteristics are important in considering the utilization of any 

plant for pulp and paper making. He emphasized that, they are 

the most important factor for determining the degree of 

efficiency of wood species in pulping and also suggested more 

research on fibre characteristics and the pulping potentials of the 

tropical hardwood species.  Dinwoodie (2000) opined that the 

strength property of paper is a function of the characteristics of 

the fibre used.  Fibre characteristics of wood have been 

described to vary widely and thus exert varied influences on 

bulk density, fibre strength and inter-fibre bonding (Dinwoodie, 

2000). Panshin (1998) and Jorge et al. (2000) opined that Wood 

possessing long fibres is the most desirable in the paper industry.   

However, it is worthy of note that the planned level of 

production in the pulp and paper mill in Nigeria has not been 

achieved due to insufficient availability of local materials. The 

most crucial of this, as identified by Adegbehin and Omijeh 

(1989) is the limitation of long fibre supply that plays a 

dominant role in the strength properties of paper. Most tree 

species used for pulp and paper production like Gmelina arborea 

and Pinus caribaea are threatened due to high rate of 

deforestation and increasing demand of their wood for other 

economic purposes. This study is therefore carried out to 

determine the suitability of Newbouldia laevis for pulp and paper 

production. 

  

Newbouldia as Alternative Fibre Source 

Newbouldia laevis (P. Beav) is a member of the Bignoniaceae 

family. It is a tree of culture known as “Aduruku” in Northern 

Nigeria, “Akoko” in South-Western Nigeria, and “Ogirisi” in 

South-Eastern Nigeria. Newbouldia tree is often found around 

groves, shrines and sacred places, though the tree often grows 

freely in the forests throughout Nigeria (Egbewole et al, 2016). 

Newbouldia laevis is usually a much-branched shrub but 

occasionally could grow into a tree with ascending branches. 

The stem height can be up to 12m with a wide base to of up to 

70cm. It is found sometimes in semi deciduous forest but readily 

available all over Nigeria. Flowers are in big spikes (6cm) with 

mauve-purkish flowers, fruits have linear follicles up to 30cm 

long, containing numerous thinly winged seeds with transparent 

wings.  Leaves are opposite or in whorls of three. The leaflets 

have some glands at the base. 

          

 Socio-economic importance of Newbouldia  

N. laevis is usually planted in villages and towns where shrines 

were established. In Northern Nigeria, it is widely used for 

border fencing around a house/homestead or used in 

demarcation of an empty plot (Egbewole et al, 2016). In Benin, 

Newbouldia tree defines the environment, both physically and 

mystically. It is a protector and provider or serves as an area to 

be feared. The seeds are flat with wings at each end. In the olden 

days, the sap and honey taste of the flowers were usually sucked 

by children with the words “God puts wine into my flower”. The 

prevalence of sacred groves of Newbouldia tree indicates the 

high value placed on the vegetation and its spiritual associations, 

especially in oaths. In Ekiti and some parts of South-West, 

Nigeria, ‘Akoko’, as it is fondly called, is a significant symbol in 

the instalment of chieftaincy title.  Newbouldia laevis tree in a 

grove attached to land as beacon is central to an understanding 

of the important role it plays in the lives of the people. The 

relationship between people and the land is most fundamental 

and permanent aspect of cultural values in Nigeria (Egbewole et 

al, 2016).  

In spite of the relative abundance of Newbouldia laevis  

and the numerous importance attached to it across Nigeria, not 

many research has been carried out on its wood quality  

particularly as a raw material for pulp and paper making. This is 
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necessary for efficient fibre management and utilization. Since 

the morphological characteristics of wood present considerable 

challenges in the quality and quantity of pulp produced, Amidon, 

(1981) and Osadare and Udohitinah (1993) were of the opinion 

that, as a first step towards utilization of any raw materials, it is 

important that its wood quality is examined especially if it is for 

paper making. Therefore, it is imperative that the wood quality 

of this potential native pulpwood species is examined as such 

information will be useful in future tree improvement 

programmes and plantation management of this species for the 

desired purpose.  This research therefore assessed the 

characteristics of its fibres with regards to different points within 

the stand and within the stems.   

 

Materials and Methods 
Samples of Newbouldia laevis were obtained from three 

different locations: Lokoja in Kogi State, Akwanga in Nasarawa 

State and Makurdi in Benue State. The wood samples were 

analysed with respect to the three locations using 12 tree 

samples per location (Plate 1).  Five (5) discs were collected 

from the base at 5%, 25%, 50%, 75% and 85% of the whole 

length of each stems (Plate 2), while radial samples were 

collected from the core wood, middle wood, outer wood and the 

bark (Plate 3).  

 

 

 

   

Plate 1: Newbouldia 

stand in Lokoja, Kogi 

State 

Plate 2:Discs of 

Newbouldial axial 

sampling 

(50discs/location) 

Plate 3:Radial sampling 

(240 samples) 

Plate 4: After 

maceration 

Plate 5:  Rheichert visopan 

microscope used to measure 

fibre dimension 

Plate 1-5: Stages of sample preparation  
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Sample Preparation  

Twelve trees were selected and their total height, diameter 

at breast height, crown diameter, merchantable height, 

crown depth, diameter at butt, middle and top were 

measured. The twelve trees were randomly selected and 

were cut to dimensions used to study pith diameter, bark 

thickness, bark proportion, proportion of bast fibre and 

grain orientation along the stem height. From each tree, 

discs of 5 cm thick were cut at 5%, 25%, 50%, 75% and 

85% along stem height to study axial variation of the 

selected properties (plate 2). The results obtained were 

pooled together to determine how these properties varied 

along the stem axis. Physical parameters, ring width and 

fibre morphology such as fibre length, fibre diameter, 

lumen width, cell wall thickness, Runkel ratio, flexibility 

ratio and felting coefficient were determined on axial and 

radial directions in the 12 sampled trees (Plate 4). The 

study was laid out in a 5 x 4 x 12 factorial experiment in a 

Randomized Completely randomized design (RCBD). 

 

Determination of the Physical Properties 

Ring width was determined as described by (Oluwadare 

and Egbewole, 2008).  In this method, ring width was 

measured in the four cardinal positions on the transverse 

surface of the disc using a double biconcave lens super-

imposed over a calibrated transparent ruler. Ring width 

was from the first formed earlywood to the last formed 

latewood bands of each growth ring. Mean from the four 

points was used for each growth ring. Bark thickness and 

bark proportion were computed using Wang et al. (1984) 

equation (Equation 1): 

BP

= 𝜋
(𝐷𝑂𝐵)^2

2
(𝐷𝑇)

− 𝜋
(𝐷𝐼𝐵)2

2
(𝐷𝑇) … … … … … … … … … … … . (1) 

Where:  

BP = Bark proportion 

DO = Diameter over bark 

DIB = Diameter inside bark 

DT = Average disc thickness and  𝜋  = 3.142 

Proportion of  bast fibre from air-dried sample was 

calculated using the relationship in equation 2: 

Bast fibre (%)

=
(𝑊𝑓)

𝑊𝑏 + 𝑊𝑓
 𝑥

100
1

… … … … … … … … … … … . (2) 

Where: 

Wf = Weight of bast fibre 

Wb = Weight of bark without bast fibre 

Sixty (60) disc of Newbouldia laevis  (5 disc from each of 

the 36 trees, 12 trees per location) were collected at the 

base 5%, 25%, 50%, 75% and 85% of the bole length of 

each tree. The methods of Schmidt and Smith (1961), 

Saikia et al. (1997) and Egbewole, et al., (2016) were 

modified and used to determine wood grain orientation. It 

is assumed that fibre lies perpendicular to the axial position 

along the stem. The perpendicularity of the grain direction 

was inscribed using the tip of a divider, any deviation from 

this position was considered as grain orientation denoted or 

measured as 0° using a protractor (Plate 2). Each disc was 

oven-dried, while radial samples were collected from the 

core wood, middle wood, outer wood and bark. Five slivers 

were obtained randomly from each of the 5 axial and 4 

radial sampled discs replicated on the twelve (12) samples. 

For fibre morphological assessment, 4 trees per locations 

with a treatment combination of (3x4x5x4) replicated 5 

times making a total of 1,200 fibres used for the 

experiment. The wood splints of 1cm x 3cm were obtained 

from the wood sample, the samples were placed inside test 

tubes and macerated with an equal volume (1:1) of 10% 

glacial acetic acid and 30% Hydrogen Peroxide (H2O2) at 

100±2 OC. It was boiled until it became soft and bleached 

white as adopted by Franklin (1945). The splints were then 

washed, placed in 30ml-test tubes with 20ml-distiled water 

and shaken vigorously to separate the fibre bundles into 

individual fibres. The macerated fibre suspension was 

carefully aligned on a slide using white tread (Plate 4 and 

5). The resulting image on Rheichert visopan microscope 

screen was measured for fibre length, diameter, lumen 

width and cell wall thickness (Plate 5). From these, the 

derived values for slenderness ratio as fibre length/fibre 

diameter, flexibility coefficient as (fibre lumen 
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diameter/fibre diameter) x 100 and Runkel ratio as (2 x 

fibre cell wall thickness)/lumen diameter were calculated: 

Derived morphological fibre characteristics:  

i. Runkel Ratio/ Rigidity Coefficient    =  2 x 

Cellwall Thickness ………….(3) 

                                                                                   Lumen 

width 

ii. Felting Coefficient/ slenderness ratio =    Fibre 

Length…………………(4) 

                                                                                    Fibre 

Diameter 

iii. Flexibility Ratio/ Elasticity Coefficient =   

Lumen width  x 100%.................(5) 

                                                   

Fibre Diameter  

Source: (Saika, et al., 1997; Ogbonnaya, et al., 1997 and 

Egbewole, et al., 2015a). 

 

Data Analysis 

The design used was a 5 x 4 x 12 factorial experiment 

replicated 5 times, in a completely randomized design 

(CRD). This was adopted for each of the anatomical 

properties. Where significant differences were observed, 

mean  separation was done using the Duncan Multiple 

Range Test (DMRT), while, one way ANOVA was used to 

analyze the effect of Locations on the variable assessed. 

All analyses were carried out with MiniTab Version16 

computer software. Correlation analysis was also used to 

assess the magnitude and the degree of relationship 

between the selected variables. 

   

Results and Discussions 
Physical properties of Newbouldia laevis 

The results of the physical properties of Newbouldia laevis 

showed a mean wet weight of 183.00±17.20g, dry weight 

of 88.59±4.28g, disc diameter of 5.96±2.45cm, ring width 

of 2.43±0.82mm, bark thickness of 4.85±1.95mm, 

7.43±3.190 grain orientation and pith diameter of 

9.45±4.07mm. The mean percentage moisture content was 

46.38±7.86%. The result revealed that the Newbouldia 

laevis collected at the base (5% Disc level) had the highest 

ring width of 2.75±0.67mm, this was followed by 

2.60±0.84mm at 25% -Disc level and 2.50±0.85mm at 

50% Disc level. The least mean ring with of 2.00±0.82mm 

was recorded in Newbouldia laevis collected at 85% -Disk 

level. The result revealed that the samples collected at 5% -

Disk level had the highest grain orientation of 9.20±3.680, 

followed by 7.90±3.410 at 25% Disk level, 7.70±2.260 at 

50% Disk level, while the least mean grain orientation of 

6.00±0.820 was recorded for 75% Disk level. The result 

further revealed that the N. laevis collected at 85% disk 

level had the highest moisture content of 48.66±5.30%, 

this was followed by 48.04±5.77% at 75% disk level, 

45.45±5.30% at 50% disk level, while the least moisture 

content of 40.65±11.28% was recorded in Newbouldia 

laevis collected at 5% disk level (Table 1). However, the 

analysis of variance showed that there was no significant 

difference in the pith diameter, bark thickness, bark 

proportion, proportion of bast fibre and grain orientation 

along the stem height and both within and between 

locations. But the effect of axial position (disc levels) was 

significant for the assessed variables, while the effects of 

individual tree and radial positions were not significant 

(p<0.05) as shown in Table 1 also.  

 

 Fibre morphological characteristics of Newbouldia 

laevis 

The results of fibre morphological characteristics showed 

that the mean fibre length was 2.23±0.47mm, the mean 

lumen width was14.78±3.36µm, the fibre diameter was 

19.74 ±1.97µm and the mean cell wall thickness was 

2.48±2.25µm (Table 2).  

 

The results of Fibre characteristics of Newbouldia laevis 

on location basis   

The results of fibre characteristics according to locations 

showed that the  highest fibre length of 2.28±0.42mm was 

observed in the samples collected from Lokoja. This was 

followed by 2.23±0.46mm observed in the samples 

collected from Akwanga and the least   (2.19±0.64mm) 

was observed in the samples collected from Makurdi. The 

trend was different in fibre diameter where the highest 

http://www.njf-ng.org/


Fibre Qualities of Newbouldia laevis (P. Beav) in the Middle Belt Zone of Nigeria --------- Egbewole, Rotowa, Ogunsanwo, and Abdul 
 

Nigerian Journal of Forestry Vol. 46  Nos  1 & 2  (www.njf-ng.org)2016  43 
 

fibre diameter of 19.64±1.87μm was observed in the 

samples from Akwanga. This was followed by 

19.45±1.86μm observed in the samples from Makurdi, 

while the least fibre diameter of 19.44±1.98μm was 

observed in the samples from Lokoja. The highest lumen 

width of 15.90±1.66μm was observed in the Makurdi 

samples, while the highest cell wall thickness of 

3.10±0.51μm was observed in the samples from Akwanga 

(Tables 2 & 3). However, the analysis of variance showed 

that there were significant differences in the fibre length, 

lumen width, fibre diameter and cell wall thickness both 

within and between locations. A similar trend was 

observed in the sample disc, but the effects of individual 

tree and radial positions were not significant in the 

observed fibre length, lumen width, fibre diameter and cell 

wall thickness (p<0.05). 

 

Results of fibre length of Newbouldia laevis at Disc 

levels and Radial positions 

The mean fibre length was 2.23±0.47mm. The longest fibre 

length of 2.38±0.42mm was observed axially at 50% level, 

followed by 2.26±0.41mm at 25% and the least of 

2.14±0.46mm was observed at 5% disc level. Samples 

collected at the middlewood had the highest fibre length of 

2.32±0.44mm, followed by 2.29±0.45mm at the outer 

wood, while the least 2.13±0.59mm was recorded in 

samples collected from the bark (Table 2). However the 

analysis of variance showed that there were significant 

differences in the fibre length, lumen width, fibre diameter 

and cell wall thickness both within and between the sample 

discs, while the effects of trees and radial positions were 

not significant on the variables.  

The mean fibre length of 2.23±0.47mm observed 

in the  samples is low, though it is in close range with 

2.31±0.49mm reported by Egbewole et al. (2015c) in 

Newbouldia laevis collected from Lafia, Nigeria. However 

it is higher than 1.63±0.50mm reported by Egbewole et al. 

(2015a) on Saccharum officinarum and also lower than 2.7 

- 4.6mm reported by Atchison (1987) on fibre lengths of 

some softwood species. It is also higher than the minimum 

value of 0.7mm -1.6mm for hardwood fibre sources and 

1.7mm value reported for bagasse fibres (Noah, 2009). 

Ogunwusi (1997) reported a close fibre length value of 

2.41mm for naturally grown Steculia setigera while 

2.64mm was reported by Oluwadare and Egbewole (2008) 

for grown Steculia setigera (Table 5). Fibre length is a 

critical factor to consider in selecting any species for the 

production of high quality pulp for paper (Dinwoodie, 

1965). The long fibre length of Newbouldia is 

characterized by high degree of opacity; stiffness and 

smoothness which are very suitable for making bank notes 

which can withstand rough handling (Noah, 2009). 

 

Results of fibre diameter of Newbouldia laevis 

The results revealed that the mean fibre diameter was 

19.74±1.97µm. The core wood samples gave a value of 

19.73±1.83µm, 19.41±2.02µm was recorded for the middle 

wood while the least (19.36±1.84µm) was recorded for 

outer wood samples. Axial decrease was observed in fibre 

diameter with 20.20±1.89µm at 25%, 19.64±1.87µm at 

75% and the least 19.42±1.98µm at 50% disc level (Table 

2).  

The mean 19.74±1.97µm fibre diameter of the 

samples is high and in close range with 19.54±1.95µm 

reported by Egbewole et al. (2015c) for Newbouldia laevis 

collected from Lafia, Nigeria. It also fell slightly below the 

range of 20- 40µm fibre diameter for hardwood fibres 

reported by Usta and Eroghe (1987), but similar to the 

20.0µm of bagasse reported by Noah (2009) and 

20.78±0.34µm by Egbewole et al. (2015a) for Saccharum 

officinarum. This is lower than the observed values 

reported by Ogunsanwo and Onilude (2000) for 

Triplochiton scleroxylon. However, the observed figures 

are lower compared to some non-wood materials for paper 

making as reported by Ogbonnaya et al. (1992) and 

Pahkala (2001).  Comparison of the fibre diameter of N. 

laevis with other wood and non-wood fibre sources 

revealed that the mean fibre diameter 19.74±1.97µm was 

higher than the observed 15.45µm in Thaumatococcus 

danielli (Sotande, 2000), 15.0µm in Bamboo (Pande, 

1998), same with Hibiscus cannabinus by Pande (1998) 

but lower than 34.87µm fibre diameter observed by 
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Osadare and Udohitinah (1993) on Abelmoschus 

esculentus, 28.16µm in Hibiscus cannabinus, 29.85µm in 

Bombax buonopozense, 30.16µm in Musa sapentium and 

28.53µm in Sterculia oblonga (Table 5). 

 

Results of lumen width of Newbouldia laevis 

The results revealed that the mean lumen width was 

14.58±3.36µm. The lumen width of the Newbouldia 

samples showed an increase radially from bark to the core, 

with lumen width of 15.00±1.85µm at the wood bark, 

14.75±2.02µm at the middle wood while the least lumen 

width of 13.85±8.08µm was recorded at the core wood 

samples. Axial decrease was observed in lumen width with 

15.00 ± 1.79µm at 25%, 14.98 ± 1.92µm at 50%, and the 

least 13.54 ± 8.76µm was observed in fibre diameter at 

75% disc level (Table 3). The mean value observed was 

14.78±3.36 µm which is lower than the values observed on 

Sterculia setigera by Oluwadare and Egbewole (2008) and 

higher than those reported for similar non-wood fibres 

(Table 5). 

 

Results of cell wall thickness of Newbouldia laevis 

The results revealed that the mean cell wall thickness was 

2.48±2.05µm. The highest cell wall thickness of 

2.94±0.15µm was recorded for the core wood , followed by 

2.34 ± 0.53µm for the outer wood, and the least (2.32 ± 

0.57µm) was recorded for the wood bark. Axial increase 

was observed in cell wall thickness with 2.31±0.56µm 

observed at base (5%), 2.52±0.54µm at 25% disc level, 

2.22±0.55µm at 50%, 3.10±4.51µm at 75%, while 

2.27±0.54µm was observed in cell wall thickness at 85% 

disc level (Table 2). However, the analysis of variance 

showed that there was a significant difference in the cell 

wall thickness observed within and between sample trees 

and on axial positions, while the effects of location and 

radial positions were not significant on the cell wall 

thickness (p<0.05) (Table 2 &3).  

The observed mean cell wall thickness 

(2.48±2.05µm) is lower than 8.56µm reported by Sotannde 

(2000) for Thaumatococcus danielli, 2.94µm observed in 

Sterculia setigera reported by Oluwadare and Egbewole 

(2008) and 2.52±0.88µm reported in Bamboo by Egbewole 

et al. (2015b). It is however considered that the fibre is 

fairly thinner compared to Eucalyptus and Pine species 

(Hicks and Clark, 2001; Osadare, 2001) and as reported in 

(Table 5) for other non-wood fibre sources. Colley (1973) 

reported that cell wall thickness affects specific gravity of 

fibrous raw materials which in turn has a marked effect on 

the pulp sheet properties. 

 

Results of Derived fibre Morphological Indices 

 

Result of Flexibility Ratio (FR) 

The mean flexibility ratio was 75.67±16.43%. The 

flexibility ratio of the samples showed an increase in 

flexibility ratio radially from core wood to the bark, with 

flexibility ratio of 76.40 ± 5.02% observed at the wood 

bark, 75.84 ± 4.98% at the outer and middle parts of the 

wood, while the least flexibility ratio (70.80±37.50%) was 

recorded at the core wood of the samples (Table 2). The 

mean flexibility ratio of 75.67±16.43% observed in 

Newbouldia laevis was higher than some woody and non-

woody fibre sources as reported by Egbewole et al. 

(2015c).  Sotannde (2000) reported 22% flexibility ratio 

for Thaumatococcus danielli, Osadare and Udohitinah 

(1993) reported 22% flexibility ratio for Abelmoschus 

esculentus (okra bark), 21% for Hibiscus cannabinus 

(Kenaf), 20% for Bombax buonopozense (Gold coast 

bombax), Egbewole et al. (2015a) reported 63.81% for 

Saccharum officinarum (sugarcane bagasse), Egbewole et 

al. (2015b) reported 64.62% for Bambusa vulgaris 

(Bamboo). However, it is lower compared to the 78% 

reported by Oluwadare and Egbewole (2008) on Steculia 

setigera. Flexibility ratio is another important criterion for 

evaluating fibre quality. This value falls under the second 

category of Osadare (1988) classifications (Table 5). This 

implies that the fibre could partially collapse and give an 

elliptical cross sectional form, good surface contact and 

fibre to fibre bonding. However, this high flexibility shows 

that the pulp of this species will be suitable to produce 

paper with greater burst and tensile which require high 

flexibility. Newbouldia laevis fibres, for its high fibre 
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characteristics may be well suited for tissue, corrugating 

medium, newsprint, and writing paper as stated by 

Kellomäki (1998) and Covey et al. (2006). 

 

Slenderness ratio/ Felting coefficient  

The average Felting coefficient of Newbouldia laevis was 

120.32±25.97. The Felting coefficient of the samples was 

125.80±25.02 at the middle wood, followed by 

124.02±25.07 at the outer wood while the least Felting 

coefficient of 109.60±32.02was recorded at the wood bark. 

Felting coefficient of 123.80±25.34 was observed at 5% 

disc level, 118.13±22.73 at 25%, 116.00±23.02 at 50%, 

123.00±26.43 at 75% and 114.00±34.54 at 85% disc level 

(Table 3).The mean 119.30±26.96 felting coefficient was 

higher compared to other woody and non-woody fibre 

sources as reported in (Table 5). Egbewole et al. (2015a) 

reported 76.73 on Saccharum officinarum, Egbewole et al. 

(2015b)  reported 112.55 for Bambusa vulgaris (Bamboo), 

Oluwadare and Egbewole (2008) reported 101.50 felting 

coefficient for Steculia setigera. According to Young 

(1998) and Bektas et al. (1999), slenderness ratio that is 

lower than 70 is regarded not suitable for pulp and paper 

production. The slenderness ratio was found to be 120.32 

which is greater than ≥70 and so, can be utilized by the 

pulp and paper industry. 

 

Runkel Ratio 

The average Runkel Ratio of Newbouldia laevis was 

0.32±0.19. It was 0.33±0.09 in the outer wood, 0.32±0.10 

at the middle wood while the least Runkel Ratio of 

0.30±0.28 was recorded for the core wood. Axial increase 

was observed in Runkel Ratio with 0.34±0.11 observed at 

5%, disc level, 0.31±0.09 at 25%, 0.28±0.09 at 50% and 

0.30±0.29 at 75%, while 0.33±0.08 Runkel Ratio was 

observed at 85% disc level (Table 2). However, the 

analysis of variance showed that there was no significant 

difference in Runkel Ratio, slenderness ratio and flexibility 

ratio within and between the sample stems and at the 

various locations. But, there was significant difference in 

Runkel Ratio within and between the disc samples 

(p<0.05) (Table 2). The average of 0.32 runkel ratio 

observed in Newbouldia laevis was lower compared to the 

findings of Oluwadare (1998) on non-wood species such as 

0.78 in Musa texilis,  0.95 in the bast of Adansonia digitata 

and 0.76 in Hibiscus cannabinus. The runkel ratio of the N. 

laevis. samples is also lower than the 0.79 for tropical Pine 

species (Ajala, 1997), 0.99 reported for both 

Anthonathama crophylia and Dialium guineensis 

hardwood species in Nigerian Rainforest Ecosystem 

(Ezeibekwe et al., 2009), 0.75 that was reported by Awuku 

(1994) for some tropical hardwood species but the value 

was higher than the 0.25 and the range (0.28-0.68) reported 

for Gmelina arborea and some Ficus spp (Ogunkunle, 

2010) and in a close range with 0.57 reported by Egbewole 

et al. (2015a) for Saccharum officinarum. The value is 

lower than 0.59 reported for Leucaena leucocephala 

(Oluwadare and Sotannde, 2007) and the 0.70 for 

Dacryodes edulis (Ajuziogu et al., 2010) (Table 5). 

Dinwoodie (1965) stated that the basis for 

establishing the suitability of raw material for pulp 

and paper making is that the Runkel ratio must be less than 

one (< 1). Volkomer (1969) in agreement noted that, if the 

Runkel ratio is less than one, such fibre source is suitable for 

paper production. In the same vein, Bektas et al. (1999) 

reported that higher Runkel ratio gives lower paper strength 

properties, especially lower burst, tear and tensile indexes. 

This was corroborated by Oluwadare and Egbewole (2008) 

who noted that Runkel ratio is closely associated with cell 

wall thickness and it influences paper strength properties. 

Therefore, the average of 0.32 Runkel ratio observed in in 

this species established its suitability as a raw material for 

pulp and paper making. 

 

Correlation between Ring Width and Fibre Morphology 

The correlation coefficients which revealed the relationships 

among ring width and fibre dimensions and their derived 

values are shown in Table 4. Ring width had low and 

insignificant relationship with all the selected properties. 

However, fibre diameter was significantly correlated with 

lumen width (r = 0.74), cell wall thickness (r = -0.63), 

coefficient of flexibility (r = -0.62) and Runkel ratio (r = -
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0.46). Similarly lumen width had significant relationship with 

coefficient of flexibility (r = 0.53) and Runkel ratio (r = 

0.46), while cell wall thickness had significant relationship 

with coefficient of flexibility (r = 0.45) and Runkel ratio (r = 

0.75). Coefficient of flexibility had significant correlation 

with Runkel ratio (r = 0.64) (Table 4). These relationships 

show the dependence of the derived values on fibre 

morphology. Therefore, the flexibility of the fibre is a 

function of the degree of cell wall thickness, lumen width and 

fibre diameter which affects pulp yield as well as response of 

the fibre to refining operations. It may be possible to use the 

fibre biometry in predicting the derived morphology. 

 

Conclusion and Recommendations 
Conclusion 

Based on the results of the study on the fibre characteristics 

of Newbouldia laevis as a material for pulp and paper 

production, the following conclusions were reached: 

The fibre length of Newbouldia laevis falls within short fibre 

cellulosic materials. Axial sampling showed similarities in 

the fibre qualities at any height on the stem indicating that 

Newbouldia laevis possesses good pulping qualities suitable. 

1. It is imperative that more detailed work on the wood quality 

parameters of this promising native pulpwood species be 

examined and as such, the information will be useful in 

future tree improvement programmes and plantation 

management of this species for the desired purpose. 

 

Recommendations 

The following recommendations are made: 

Samples from different ecological zones should be looked 

into in order to assess the variations in the properties. Pulp 

and Paper industries should harness the potential in 

Newbouldia laevis as it can be used to revive the Nigerian 

pulp and paper industry. Based on the fibre biometry of the 

species, it will be beneficial and worthwhile to consider 

plantation establishment of this species on large-scale for 

paper in Nigeria.  
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Table 1: Mean separation value of physical properties of Newbouldia laevis 

  Source of 
variation  

Growth Ring 
(mm) 

Disc Diameter 
(cm) 

Bark Thickness 
(mm) 

Wet 
Weight (g) 

Dry 
Weight (g) 

Grain Orientation 
 (ᵒ) 

Pith Diameter 
(mm) 

Moisture Content 
(%) 

Locations        

Lokoja 2.02±0.92a 5.06±2.13a 4.31±1.89 a 146.00±11.70a 87.58±7.52a 6.00±2.91a 9.30±3.56 a 48.14±5.76a 
Akwanga 2.02±0.82a 

 
4.67±1.99a 

 
3.68±1.79a 

 
103.20±8.27a 

 
78.65±5.45 a 

 
6.20±2.97a 

 
9.10±4.58bc 

 
47.66±5.30a 

 
Makurdi 2.24±0.92a 5.19±2.12a 4.32±1.89 a 147.00±11.60a 86.56±7.62a 6.03±2.91a 9.33±3.57 a 48.04±5.77a 
Disc Level        

5% 2.75±0.67a 
 

7.57±2.82b 
 

6.30±1.77c 
 

253.00±27.50a 
 

148.00±19.53a 
 

9.20±3.68a 
 

9.70±4.79c 
 

40.65±11.28a 
 

25% 2.60±0.84a 
 

6.67±2.50ab 
 

5.53±1.83bc 
 

227.00±17.60a 
 

119.00±11.52a 
 

7.90±3.41a 
 

9.20±3.58bc 
 

44.04±8.34a 

50% 2.50±0.85a 
 

5.80±1.86ab 
 

4.45±1.83ab 179.00±13.70a 
 

102.54±4.41a 
 

7.70±2.26a 
 

9.80±4.44ab 
 

45.45±5.29a 
 

75% 2.20±0.92a 5.09±2.12a 
 

4.30±1.89 a 
 

146.00±11.70a 
 

87.56±7.52a 
 

6.00±2.91a 
 

9.30±3.56 a 
 

48.04±5.77a 
 

85% 2.00±0.82a 4.57±1.99a 3.68±1.79a 103.20±8.27a 68.63±5.47 a 6.20±2.97a 9.10±4.58bc 48.66±5.30a 

Grand Total 2.43±0.82 
 

5.96±2.45 
 

4.85±1.95 
 

183.00±17.20 
 

88.59±4.28 
 

7.43±3.19 
 

9.45±4.07 
 

46.38±7.86 
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Table 2: Mean value and Duncan’s mean separation value of Fibre characteristics (Fibre length, Fibre diameter, Lumen width and Wall thickness) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Mean with the same letter(s) along same column are not significantly different at p < 0.05  

 

 

 

 

 

 

 

Source of 
Variation 

Sample 
size 
(N) 

Item Fibre Length 
(mm) 

Fibre diameter 
(μm) 

Lumen  
Width (μm) 

Wall  
thickness 

(μm) 

Runkel Ratio/ 
Rigidity 

coefficient 

Suppliness/ 
Slenderness 

ratio/Felting power 

Flexibility/ 
Elasticity 
coefficient 

Location 400 Lokoja 2.28 ±0 .42abc 19.44 ± 1.98ab 14.98 ± 1.92b 2.22 ± 0.55a 0.31 ± 0.09b 118.13±22.73ab 74.90± 5.08b 
 400 Akwanga 2.23 ± 0.46c 19.64 ± 1.87bc 13.54 ± 8.76a 3.10 ± 0.51b 0.28 ±0 .09ab 117.00±23.02ab 78.10± 5.30b 
 400 Makurdi 2.19 ± 0.64a 19.45 ± 1.86ab 15.90 ± 1.66 b 2.27 ± 0.54a 0.31 ± 0.29a 125.00± 26.43c 75.60± 40.8a 
Disc level 
base 

240 Disc at 5% 2.14 ± 0.46ab 19.00 ± 2.01a 14.40 ± 1.95ab 2.31 ± 0.56a 0.34 ± 0.11b 123.80 ± 25.34c 69.61 ± 5.39b 

 240 Disc at 25% 2.26 ± 0.41bc 20.20 ± 1.89c 15.00 ± 1.79b 2.52 ± 0.54ab 0.31 ± 0.09b 118.13 ± 22.73ab 74.90 ± 5.08b 
 240 Disc at 50% 2.38 ±0 .42ab 19.42 ± 1.98ab 14.98 ± 1.92b 2.22 ± 0.55a 0.28 ±0 .09ab 116.00 ± 23.02ab 77.10 ± 5.30b 
 240 Disc at 75% 2.23 ± 0.46c 19.64 ± 1.87bc 13.54 ± 8.76a 3.10 ± 4.51b 0.30 ± 0.29a 123.00 ± 26.43c 75.60 ± 40.8a 
 240 Disc at 85% 2.19 ± 0.64a 19.45 ± 1.86ab 14.90 ± 1.66 b 2.27 ± 0.54a 0.33 ± 0.08ab 115.00 ± 34.54a 76.70 ± 4.85b 
Radial 
position 

300  core wood 2.21 ± 0.41b 19.73± 1.83a 13.85 ± 8.08a 2.94 ± 4.15b 0.30 ± 0.28a 117.70 ± 22.06b 70.80 ± 37.50a 

 300 Middle wood 2.32 ± 0.44b 19.41 ± 2.02a 14.75 ± 2.02a 2.33 ± 0.54a 0.32 ± 0.10 a 125.80 ± 25.02c 75.80 ± 5.65a 
 300 Outer wood 2.29 ±0 .45b 19.36 ± 1.84a 14.69 ± 1.7a 2.34 ± 0.53a 0.33 ±0 .09 a 124.02 ± 25.07bc 75.84 ± 4.98a 
 300 Bark 2.13 ± 0.59a 

 
19.64 ± 2.09a 

 
15.00 ± 1.85a 

 
2.32 ± 0.57a 

 
0.31 ± 0.09 a 109.60 ± 32.02a 76.40 ± 5.02a 

Grand 
mean 

1200  2.23 ± 0.47 
 

19.74 ± 1.97 
 

14.78 ± 3.36 
 

2.48 ± 2.25 
 

0.32 ± 0.19 120.32 ± 25.97 75.67 ± 16.43 
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Table 3: Analysis of Variance for Measured  fibre characteristics of  Newbouldia laevis 

Sources of  
Variation 

 Fibre 
Length 

Fibre Diameter Lumen Width Ce1llwall 
Thickness 

Runkel Ratio Felting Power Flexibility Ratio 

df f Sig. f Sig. F Sig. F Sig. f Sig. f Sig. F Sig. 
Disk level (D) 4 13.72 0.00** 1.52 0.12ns 3.957 0.020* 1.29 0.28 ns 264.53 0.00** 1.29 0.28ns 254.2 0.00** 
Radial Position 
(R) 

3 3.12 0.02 * 0.78 0.34ns 1.01 0.403ns 0.52 0.721 ns 16.97 0.00** 0.34 0.85 ns 17.91 0.00** 

Tree (T) 11 0.81 0.45ns 0.47 0.71ns 0.306 0.821 ns 1.05 0.373 ns 13.94 0.01** 1.34 0.26 ns 14.63 0.00** 
D *R 12 1.92 0.06ns 3.49 0.01** 4.46 0.000** 3.12 0.002* 77.83 0.00** 3.51 0.00** 83.69 0.00** 
D* T 44 2.94 0.01* 0.38 0.83ns 0.394 0.940 ns 0.64 0.699 ns 13.33 0.00** 0.69 0.65 ns 13.64 0.00** 
R *T 33 1.83 0.05 * 0.91 0.54ns 0.758 0.693 ns 1.69 0.096 ns 21.67 0.00** 1.16 0.31 ns 20.67 0.02** 
D *R *T 132 1.19 0.24 ns 1.24 0.21ns 1.382 0.176 ns 1.46 0.081 ns 18.22 0.02** 1.03 0.41 ns 17.01            0.01** 
Error 960               
Total 1199               
R2    0.56  0.257  0.377  0.327  0.879  0.263  0.874 
Note: **= highly significant at 1% probability level, * = significant at p<0.05,  ns = not significant 
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Table 4: Correlation coefficient matrix for ring width and fibre morphology 

Variables Ring Width 
(mm) 

Fibre Length 
(mm) 

Fibre  
diameter 

(mm) 

Lumen 
Width 
(μm) 

Wall 
Thickness 

(μm) 

Runkel 
ratio 

Felting 
Power 

Flexib
ility 
ratio 

Ring Width (mm) 1        
Fibre Length (mm) 0.268 1       
Fibre diameter (mm) 0.737** 0.747** 1      
Lumen  Width (μm) 0.305 0.401* 0.734** 1     
Wall Thickness (μm) 0.547* 0.544** -0.63** 0.526** 1    
Runkel Ratio 0.457* 0.457* -0.457* 0.457* 0.747** 1   
Suppliness 0.434* 0.807 -0.90** 0.574** 0.957** 0.560** 1  
Flexibility ratio  0.65** 0.544** -0.062 0.526** 0.447* 0.644** 0.566** 1 

* Significant (P<0.05), **Significant  (P<0.01),   ns: Not significant (P>0.05>0.01) 

Table 5: Comparative assessment of Fibre Characteristics of Newbouldia laevis and other woody and fibrous materials

 

Non  
wood fibre 

Fibre 
Length 
(mm) 

Fibre 
Diameter 
(µm) 

Lumen 
Width 
(µm) 

Cellwall 
Thickness 
(µm)  

Runkel 
Ratio 
2 x CW/LW 

Felting 
Coefficient 
FL/FD 

Flexibility 
Ratio 
LW/FDx100 (%) 

**Newbouldia laevis 2.23 19.74 14.78 2.58 0.32 120.23 75.67 
Newbouldia laevis (Egbewole et 
al., 2016) 

2.31 19.54 14.57 2.48 0.31 119.30 74.70 

Bambusa vulgaris 
    (Bamboo) 
(Egbewole et al., 2015a) 

2.88 
 
 

14.80 
 
 

9.55 
 
 

2.52 
 
 

0.55 
 
 

112.55 
 
 

64.62 
 
 

Saccharum officinarum(Sugarcane 
bagasse) 
(Egbewole, et al 2015b) 

1.62 20.78 13.26 7.52 0.57 76.73 63.81 

Thaumatococcus danielli(Sweet 
Prayers Plant) 
(Sotannde, 2000) 

2.54 15.45 3.45 8.56 0.81 165.48 22 

Bamboo 
(Pande, 1998) 

2.7 15.0 - - - 180 - 

Kenaf bast fibre (Hibiscus 
cannabinus) 
(Pande, 1998) 

2.6 20.0 - - - 130 - 

Jute (Corchorus capsularis) 
(Pande, 1998) 

2.5 20.0 - - - 135 - 

Abelmoschus esculentus (okra 
bark) 
(Osadare and Udohitinah, 1993) 

3.49 34.87 7.63 19.62 0.78 100 22 

Hibiscus cannabinus (Kenaf) 
(Osadare and Udohitinah, 1993) 

2.90 28.16 6.08 16.0 0.76 105.1 21 

Bombax buonopozense (Gold coast 
Bombax) 

3.83 29.85 5.80 18.25 0.68 114.1 20 

Musa sapentium (bark) 4.48 30.16 4.34 21.44 0.42 149.1 15 
Steculia oblonga (yellow steculia 
bark) 

3.27 28.53 8.49 11.54 1.77 115.1 30 

Reed (Arundodonax) 
(Pande, (1998) 

1.8 20 - - - 90.0 - 
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