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ABSTRACT

Fourteen dimensions and five derived values of wood structure in  12 Nigerian species of Ficus L.were
determined and compared with those of Gmelina. Arborea Roxb., which is currently acknowledged to be
locally useful for pulp and paper making (PPM). Based on the mean values of 4 out of the 5 derived key
parameters namely, fibre- to - vessel ratio, relative fibre length, Runkel ratio and coefficient of fibre flexibility,
the species of Ficus studied were considered to be good PPM resources because of their statistical conformity
with those of G.arborea (P>0.05). Their mean values for the fifth key parameter i.e. fibre-to- non-fibrous tissue
ratio (F/NF), which ranged from 0.39±0.02 to 0.65±0.09 were however significantly lower than 1.14 computed
for G. arborea (P<0.05). The study acknowledges the suitability of wood fibre morphology and dimensions
of the Ficus species for papermaking and discusses their limitations and potentials as PPM resources on
account of the preponderance of  the non-fibrous tissues namely, parenchyma, rays and vessels.
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Introduction

Gmelina arborea Roxb is the prime source of pulpwood in West Africa and Brazil due to its fair
conformity with the qualities of an ideal pulpwood (Ademiluyi and Okeke, 1979; Martin, 1984).  These
qualities include rapid growth rate for economical plantation management, longer than average fibre length,
Runkel ratio of less than 1, low basic density, low ash content and low chemical extractives (Dadswell et al.,
1959; Dickman, 1975; Sosanwo, 1984; Fuwape, 1991).  The other relevant considerations are straight boles,
which aid debarking; and high fibre to non-fibrous tissue ratio (Evans, 1992).  With its pulping properties
superior to most of the other hardwoods, plantations of G. arborea have been raised in RioJari region of Brazil
and for the paper industries in Nigeria (Anon, 1990)

The tropical forests are disappearing as a result of uncontrolled felling of trees for fuel wood and timber
at the rate of 7.3 million hectares per year (Anon, 2002), the rate of replenishment by reforestation being far
lower (Hegde, 1999; Ogunkunle and Oladele, 2004).  The trend has continually imposed additional avenues
of wood exploitation on the plantations of G. arborea, which were originally established for the use of the
paper industries.  This development has in turn, brought about an increasing awareness in finding alternative
sources of wood fibres for paper making with two goals in mind: firstly, to reduce cost of production which
might be forced to rise owing to scarce raw material resulting from the ever expanding consumption of paper
(Anon, 2004); and secondly, to avoid the imminent competition for a scarce G. arborea as the only raw
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material for pulping due to increasing demand for its wood for other economic purposes such as timber,
plywood, veneer, fuel wood etc. (Reynolds and Lawson, 1978; Martin 1984; Evans 1992).

The foregoing has informed a practice whereby workers collect pulp and paper-based data on tropical
woody species and define their suitability for pulp and paper making (PPM) in relation to G. arborea, which
is taken as the reference material (Sosanwo, 1984; Anon, 1984; Fuwape, 1991; Uju and Ugwoke, 1997).  In
this direction, several alternative wood fibre sources for pulping have been named after investigations have
been conducted on their fibre characteristics and plantation culture.  These include Raphia palms (Raphia
hookeri, R. vinifera, R. sudanica and R. africana) (Anon, 1990), bamboo and a number of hardwood species
such as Musanga species (Fuwape, 1991), Ricinodendron heudelotii, Albizia zygia (Kpikpi, 1992) and
Eucalyptus species (Anon, 1984).  Some of these species have been tried in plantations and are yielding good
results (Anon, 1990).

Ficus is a large genus of the family moraceae in the order Urticales (Olorode, 1984).  There are fifty-nine
species of the genus in West Tropical Africa (Hutchinson and Dalziel, 1963), forty-one of which have been
identified in Nigeria (Keay, 1989).  Creditable plantation growth performances have been reported of many
non-Nigerian species of Ficus (Napier, 1988; Karki and Gold, 1992; Anon, 1994) but these are yet to be
established for the Nigerian species.  Moreover, there is a dearth of information regarding the pulp and
papermaking status of the wood of members of the genus.  The aims of this paper, therefore, are to elucidate
some wood structural dimensions in selected Nigerian species of Ficus and examine their suitability for pulp
and paper making in relation to G. arborea.  These are with a view to contributing to the available literature
on alternative hardwood fibre resources towards enhancing and sustaining the paper making industries.

Materials and methods

Plant materials

Six different collections of G. arborea wood were made by felling trees at different locations in
Ogbomoso, Nigeria.  Each collection was of a different age in years namely, one, three, five, seven, nine and
sixteen year old trees. Except for the trees of age 1, 3 and 5-years, which were known to the investigators by
their familiarity with the plantations, the information provided by the gardeners and/or agricultural officers on
the plantations they managed were relied upon (Table 1).  These collections were meant to draw as closely
as possible to the practice in the industrial setting whereby mixed populations of branches of different ages
are harvested for pulping rather than those of a particular age.  From each of the trees, wood samples for
anatomical and other studies were taken by cutting two discs, each of about 30cm thick, one at the breast
height (i.e about 1.4m from the butt) and the other, just below the crown.  Furthermore, from each of these
two discs, a thinner wood disc of about 4cm was cut by means of a handsaw.

Table 1: Information about Gmelina arborea wood collected as the reference material for Pulp and papermaking.
Collection (age) Place of Collection Collector’s name and Date of 

Collection
1. 1-year old Behind New Biology Laboratory, LAUTECH, Ogbomoso, Oyo state. Tunde Ogunkunle 27/6/2002
2. 3-year old Behind New Biology Laboratory, LAUTECH, Ogbomoso, Oyo state. Oluwole Fadeyi   16/10/1998
3. 5-year old Behind the University library, LAUTECH, Ogbomoso, Oyo State Adeola Adetona 20/9/2000
4. *7-year old Federal Government College premises, Ogbomoso, Oyo State Olufemi Afolabi 25/10/2001
5. **9-year old Nurudeen Grammar School, Ogbomoso, Oyo State Olukemi Oke  20/9/2000
6. ***16-year old Gmelina plantation of Oyo State Agricultural Development Programme, Olukemi Oke and 23/7/2000

Erelu, Ogbomoso, Oyo State Adeola Adetona
LAUTECH = Ladoke Akintola University of Technology.
*Seedling was transplanted in May, 1994; **Seedling was transplanted in April, 1991; *** Seedling was transplanted in May, 1984
(Source: Records of dates of establishment of the plantations available with the Gardeners/Agricultural officers in the establishments).

Tree branches of about 8-10cm diameter and about 1m long were also collected from twelve species of
Nigerian Ficus at various locations in Oyo and Osun States of the country (Table 2).  The leaves and figs were
collected together with these branches for the purpose of proper identification.  Two wood discs, each of about
4cm thick were then cut from each branch of the Ficus species collected.

The circumference of each of the 4cm thick wood discs from G. arborea and Ficus trees was divided into
four equal sectors by drawing a cross sign with its origin at the centre.  Four blocks of wood, each of about
4 x 2 x 2 cm were then cut out, one from each sector and fixed in Formal-Acetic-Alcohol (FAA) contained
in labelled specimen bottles (Uju and Ugwoke, 1997).  From the remaining parts of the sampled trunk and tree
branches, close to where the wood discs were taken, wood dusts were obtained with the aid of a handsaw
using the ‘through and through’ method of Sosanwo (1984).  The wood dusts were properly air-dried for about
a week and then stored in labeled plastic bags.
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Table 2: Information about the Nigerian Species of Ficus collected
Species name Place and Date of Collection Collector’s name

1. Ficus lutea Vahl-Fl.Cam. Yidi forest, Inisa, Osun State; 16/2/2002. Tunde Ogunkunle
2. F.natalensis Hochst  Akunyun forest Area, Inisa, Osun State; 16/2/2002 Tunde Ogunkunle
3. F. mucuso Welw. ex Ficalho McCoy Catholic School, Inisa Osun State; 25/02/2002 Michael Ayangbemi
4. F.ovata Vahl.  Kinnira Stream side Ilorin road, Ogbomoso; 3/09/2004 Tunde Ogunkunle
5. F.ingens (Miq) Miq.  Behind New Engineering Laboratories, LAUTECH, Ogbomoso; 3/09/2004 Tunde Ogunkunle
6. F. umbellata Vahl  Olomi – area, Papa Adeyemo Ogbomoso; 3/09/2004 Tunde Ogunkunle
7. F.ottonifolia (Miq.) Miq.  Near stream, Yidi area Inisa, Osun State; 25/2/2002 Michael Ayangbemi
8. F.polita Vahl.  Beside Masifa D.C. Pry. Sch Ogbomoso; 23/12/2001 Muyiwa Molomo
9. F. thonningii Blume  Opposite Masifa D.C. Pry Sch., Ogbomoso; 23/12/2001 Tunde Ogunkunle
10. F.exasperata Vahl.  Front of Chemistry Department. LAUTECH, Ogbomoso; 23/12/2001 Tunde Ogunkunle
11. F.sur Forssk. Orisun- Iye Baptist Church Area, Papa Adeyemo, Ogbomoso; 3/01/2005 Tunde Ogunkunle
12. F.populifolia Vahl. Strangling on rocks; from crevices, Igboho road, Igbeti, Oyo State; 27/12/2004 Tunde Ogunkunle
LAUTECH = Ladoke Akintola University of Technology.

Determination of the Magnitude of Some Pulp and Paper Making Wood Parameters

The wood specific gravity (SG) of the six G. arborea wood samples was determined by a slightly
modified form of the oven -dry method of Ademiluyi and Okeke (1979).  Four blocks of wood, each
measuring about 2 x 2 x 4 cm were scooped out of each freshly collected wood disc with the aid of a hammer
and a chisel.  The wood blocks were immersed in water for 24hr. after which the green volume of each was
determined by Archimedes principle.  They were then immediately transferred into an oven and dried to a
constant weight at 105oC.  This weight was taken as the oven-dried weight of the wood blocks. The S.G. of
the samples was calculated as the oven-dried weight divided by the green volume.  The mean of SG was then
computed for the 24 replicates across the six  G. arborea wood samples.

Equal amounts of the wood dust from heartwood and sapwood were thoroughly mixed together for each
wood sample and then distributed in 2.0g units into four crucibles.  These were placed in a furnace at about
600oC for 4 hours.  The whitish inorganic residue left after the carboniferous matter had volatilized constituted
the wood ash content.  The weight of this residue was determined and its percentage with respect to the initial
weight of wood dust calculated (Fuwape, 1991), the sample size being 24

Wood Transverse Sections (TS), Radial Longitudinal Sections (RLS) and Tangential Longitudinal Sections
(TLS) of about 10-15 micrometers thick were prepared with the aid of a freezing stage microtone from the
fixed wood blocks.  The sections were stained with phluroglucinol in concentrated HCl, dehydrated by passing
through serial concentrations of ethanol (i.e. 30%, 50%, 70% and 90%) for 2 minutes, cleared in pure xylene
and mounted in Canadian balsam.  Tissue maceration was also carried out by boiling a small wood block for
about 5min in concentrated Nitric acid (HNO3) to which a few crystals of potassium chlorate (KCLO3) had
been added (Jane, 1970).  For each of the six G. arborea wood samples, four slides, (i.e. one for each of the
TS, TLS and RLS and the macerated wood) were prepared, making a total of 24 slides.

All the slides were examined and cell dimensions determined using a CARTON monocular light
microscope to which either a calibrated ocular micrometer or a calibrated ocular cytometer with a grid of 100
squares was fitted at different times of the data collection.  The parameters measured in micrometers (μm)
included the fibre length (L), fibre diameter (D), fibre cell wall thickness (C) and fibre lumen width (I).  Ten
measurements were taken for each G. arborea wood sample in respect of a parameter, thus the sample size
was 60.

The percentage composition by volume of wood tissue in respect of fibres, vessels, axial parenchyma and
rays were determined from the prepared slides of wood TS.  In doing this, the calibrated ocular cytometer was
used.  An area of four squares on the grid was viewed each time, and each tissue type that fell within this
area was noted with a tally. Twenty-five such observations were made within the 100 squares area. The
frequency by volume of a tissue type was determined as a simple percentage of the total number of occurrence
within the 100 squares of the cytometer.  Four of such slides were observed and the mean value reported for
the wood TS of each tree age, the samples size therefore, being 24.

The density (i.e mean number) of vessels, fibres, axial parenchyma and rays in one mm2 area of wood
tissue was determined in replicates of 10 for each G. arborea tree age, the sample size totaling 60.  While
the prepared slides of wood TS were used for estimating the density of vessels, fibres and axial parenchyma,
those of TLS were used for ray density determination.  In each case, the calibrated ocular grid was used. The
slides were made to pass under the grid at known objective lenses and the number of cells of each tissue type
falling within the grid was counted.  This figure was then converted into the number of such cells in one mm2

area of wood by direct proportion.
From some of these 12 enumerated quantitative parameters, five derived ratios namely fibre to vessel ratio

(F/V), fibrous to non-fibrous tissue ratio (FNF), relative fibre length (RFL) or fibre slenderness ratio, Runkel
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ratio and coefficient of fibre flexibility were computed in replicates which conformed with their determinant
parameters (Tables 3 and 4), The formulae used in these respects were as defined by Wood (1989); Kpikpi
and Olatunji (1990) and Uju and Ugwoke (1997) and as indicated in Tables 3 and 4.

The above 17 wood structural dimensions together with the wood S.G. and the percentage wood ash
content constituted a total of 19 reference wood parameters in G. arborea against which the pulp and paper
making potentials of some Nigerian species of Ficus was to be examined. Experimental data were thus
obtained from 12 Nigerian species of Ficus in respect of the 19 parameters as earlier described for G. arborea.
The sample size in this case was 4 for F/V, F/NF, S.G, percentage wood ash, vessel, fibres and parenchyma
and ray but 30 for the other 11 parameters.

Statistical analyses

Two different ‘one-way classification’ ANOVA tests were conducted to compare the reference and the
experimental sets of data using the 11.0 version of the computer-based SPSS statistical package.  The first
statistical test was used to compare the means of each of the 19 wood parameters  while the second test
compared the overall means of the five PPM key parameters namely F/V ratio, F/NF ratio, fibre slenderness
ratio, Runkel ratio and coefficient of fibre flexibility in each of the 13 tree species investigated.  In conducting
the latter test, each of the replicated data obtained as Runkel ratios in all the tree species were first transformed
as a difference between the raw observation and “1” so as  to conform to the properties of the other four key
parameters.  Thus all the five key parameters were transformed into the category whose magnitudes are
preferred in PPM when high (Ogunkunle et al., 2004).

Results and discussion

The mean value of the percentage of vessels in the wood of the Ficus species ranged from 7.44 ± 1.11
in F. ottonifolia to 19.05 ± 2.57 in F. populifolia as against 11.39 ± 0.48 % in G. arborea.  Moreover, the
mean number of vessels /mm2 of wood was 5 in G. arborea but it ranged between 4 and 13 in the Ficus
species (Tables 3 and 4).

Table 3: Mean proportion by volume of some tissue types in the wood  of G.arborea and  some Nigerian species of Ficus*
Species Mean percentage tissue proportion by volume Mean number of cells/mm2

---------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------
Vessels (V) Fibres (F) Parench (P) Ray ® F/V ratio F/NF ratio Vessels Fibres Parenchyma Ray

1. Gmelina arborea 11.39a± 0.48 52.98b±0.74 5.22a± 0.18 31.02a± 0.59 5.49a±0.58 1.14b± 0.04 5.20a± 0.20 373.92a±16.29 41.63b± 1.72 12.80a±0.27
2. F. lutea 8.43a± 1.40 38.50a± 0.53 20.28b± 1.45 32.78a± 1.64 4.69a± 0.08 0.63a± 0.04 4.10a± 0.31 457.20a± 34.33 166.470b± 15.41 12.30a± 0.83
3. F.natalensis 8.55a± 0.80 31.63a± 1.47 26.38b± 1.13 28.93a± 2.43 3.59a± 0.47 0.49a± 0.01 4.80a± 0.59 424.30a± 26.52 141.10b± 11.74 32.00c± 1.31
4. F.mucuso 7.96a± 1.18 38.79a± 3.20 29.36b± 2.29 23.89a± 1.92 5.46a± 1.38 0.65a± 0.09 4.00a± 0.42 408.30a± 27.31 130.60b±12.02 10.00a± 0.33
5. F.ovata 8.22a± 2.38 37.35a± 1.06 27.33b± 2.47 27.10a± 3.41 6.27a± 2.18 0.60a± 0.03 350a± 0.22 352.10a± 22.75 107.90b± 14.53 10.10a± 0.38
6. F.ingens 10.98a± 1.08 36.17a± 1.07 32.71b± 0.86 20.14a± 1.42 3.65a± 0.80 0.65a± 0.11 7.90a± 0.82 355.30a± 37.42 114.10b± 10.14 10.50a± 0.48
7. F.umbellata 11.82a± 1.11 31.87a± 1.74 24.43b± 2.20 32.12a± 1.06 2.79a± 0.36 0.47a± 0.03 8.70a± 3.48 365.90a± 35.07 187.00b± 14.96 10.90a± 0.57
8. F.ottonifolia 7.44a± 1.38 38.08a± 0.87 27.81b± 3.16 26.67a± 2.05 5.69a± 1.04 0.54a± 0.08 4.60a± 0.49 423.20a± 37.99 105.50b± 10.54  8.80a± 0.59
9. F.polita 15.54a± 1.70 35.88a± 1.27 26.66b± 1.21 21.91a± 2.83 2.36a± 0.14 0.56a± 0.03 6.40a± 0.31 462.40a± 20.25 109.80b± 11.13 8.70a± 0.42
10. F.thonningii 8.42a± 1.30 34.55a± 2.57 29.09b± 2.72 27.94a± 3.07 4.67a± 1.25 0.53a± 0.06 3.60a± 0.34 445.40a± 57.31 143.90b± 13.80 15.70b± 0.84
11. F.exasperata 11.92a± 1.87 31.00a± 0.79 24.65b± 1.83 32.03a± 1.56 2.81a± 0.46 0.45a± 0.02 5.30a± 0.30 261.80a± 39.08 245.50c± 21.97 10.40a± 0.37
12. F.sur 18.33a± 1.69 28.19a± 1.02 30.91b± 2.25 22.41a± 2.59 1.60a± 0.23 0.39a± 0.02 12.90b± 1.02 306.20a± 25.87 315.10d± 30.19 10.20a± 0.20
13. F.populifolia 19.05a± 2.57 30.52a± 1.76 21.25b± 2.00 29.17a± 1.21 1.76a± 0.41 0.44a± 0.04 9.90a± 0.75 409.7a± 42.36 196.10b± 26.11 8.40a± 0.32
* F/V = Fibre to Vessel ratio; F/NF = Fibres-to-non- fibrous tissue ratio i.e F/(V + P + R); in each column the means with the same superscript are not significantly different (P>=0.05)
while the means with different superscripts are significantly different (P<0.05).

Table 4: Mean wood fibre characteristics, specific gravity and percentage ash contents in  G.arborea and some Nigerian species of Ficus*.
Species Mean fibre dimensions (µm) Mean fibre-derived ratios % 

--------------------------------------------------------------------------------------- -------------------------------------------------------------------------- ------------------
Length (L) Diameter (D) Wall © Lumen (I) RFL (L/D) Runkel (2C/I) Coeff. (I/D) S.G. Ash  Content

1. G. arborea 1277.04a± 18.28 26.46a±0.84 3.83a± 0.44 20.06a± 0.88 50.06a±1.78 0.39a± .02 0.73a± 0.02 0.51a±0.01 1.95a± 0.12
2. F.  lutea 1103.35a± 67.81 26.62a± 1.58 4.99b± 0.25 16.64a± 1.49 43.75a± 4.07 0.68a± 0.09 0.63a± 0.03 0.56a± 0.06 2.16a± 0.12
3. F.natalensis 1098.75a± 59.99 23.38a± 1.14 3.20a ± 0.29 17.15a± 1.15 47.95a± 3.89 0.38a± 0.04 0.73a± 0.02 0.45a± 0.01 1.73a± 0.18
4. F.mucuso 1284.12a± 64.78 19.97a± 2.15 2.29a± 0.20 15.39a± 1.85 71.99b± 9.51 0.32a± 0.03 0.76a± 0.02 0.45a± 0.02 1.98a± 0.08
5. F.ovata 1105.92a± 65.45 20.74a± 1.17 2.88a± 0.26 15.36a± 1.27 55.10b± 5.25 0.40a± 0.05 0.73a± 0.03 0.51a± 0.02 2.01a± 0.09
6. F.ingens 1159.02a± 45.36 24.34a± 1.43 2.82a ± 0.17 19.77a± 1.38 48.03a± 4.65 0.29a± 0.03 0.77a± 0.02 0.51a± 0.04 1.97a± 0.12
7. F.umbellata 990.21a± 56.59 20.48a± 1.53 2.30a± 0.26 15.62a± 1.50 50.51a± 4.09 0.31a± 0.04 0.75a± 0.02 0.49a± 0.05 1.89a± 0.09
8. F.ottonifolia 1221.63a± 77.45 23.81a± 0.88 2.62a± 0.22 18.56a± 0.98 51.94a± 3.75 0.30a± 0.04 0.78a± 0.02 0.58a± 0.02 2.22a± 0.11
9. E.polita 1003.52a± 70.47 21.12a± 0.96 2.63a± 0.24 15.87a± 1.19 48.28a± 3.77 0.36a± 0.05 0.74a± 0.03 0.51a± 0.02 2.01a± 0.06
10 F.thonningii 1333.36± 53.45 25.09a± 0.99 3.58a± 0.32 17.92a± 0.32 54.11a± 3.59 0.42a± 0.05 0.71a± 0.03 0.46a± 0.01 1.39a± 0.09
11 F.exasperata 1242.00a± 97.42 21.25a± 1.08 2.94a± 0.38 14.85a± 1.07 58,76a± 3.65 0.42a± 0.07 0.65a± 0.05 0.48a± 0.04 1.85a± 0.12
12 F.sur 1197.06a± 23.92 28.93a ± 1.32 3.97a± 0.35 20.99a± 1.25 42.38a± 2.61 0.39a± 0.04 0.72a± 0.02 0.44a± 0.02 1.99a± 0.12
13 F.populifolia 1008.70a± 46.38 18.69a± 1.15 1.94a± 0.22 14.80a± 0.80 55.34a± 3.14 0.26a± 0.02 0.79a± 0.02 0.49a± 0.06 1.93a± 0.03
* RFL = Relative fibre length (or fibre slenderness); Coeff = Coefficient of flexibility; Runkel = Runkel ratio. SG = Specific Gravity. Means  in each column, which are not
significantly different bear the same superscript (P>=0.05) but those which are significantly different bear different superscripts (P<0.05). 

Among the 12 species of Ficus investigated, the highest percentage of fibres in the TS of wood (i.e. 38.79
± 3.20 %) was recorded in F. mucuso while the lowest (i.e. 28.19 ± 1.02 %) was recorded in F sur as against
a notable value 52.98 % ± 0.74 in G. arborea (Table 3).  The mean number of fibres/mm2of wood tissue
computed for G. arborea was 374 ± 16 whereas these numbers ranged in the Ficus species from 262 ± 39
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(in F. exasperata) to 457 ± 34 (in Ficus lutea) (Table 3).  Mean wood fibre length was 1277. 04 ± 18.28µm
in G. arborea whereas it ranged in the Ficus species studied between 990.21 ± 56.59µm and 1333.36 ±
53.45µm in F umbellata and F. thonningii respectively (Table 4).  Mean fibre diameter and lumen width in
the Ficus species were respectively observed to range between 18.69 ± 1.15µm and 14.80 ± 0.80 µm in
F.populifolia to 28.93 ± 1.32 and 20.99 ± 1.25µm in F. sur as against the mean values 26.67± 0.84 µm and
20.06 ±  0.88µm in G. arborea (Table 4).

Among the 13 tree species investigated, G. arborea recorded the lowest mean percentage wood axial
parenchyma of 5.22 ± 0.18.  The Ficus species, on the other hand, recorded relatively high values, ranging
between 20.28 ± 1.45% and 32.71 ± 0.86% in F lutea and F. ingens respectively. Likewise, the lowest number
of axial parenchyma/mm2 of wood tissue area i.e. 42 ± 2, was recorded in G. arborea while in the Ficus
species, higher numbers were recorded, ranging between 106 ± 11 in F. ottonifolia and 315 ±30 in F.sur. In
contrary, the mean percentage of ray parenchyma was relatively high in all the species investigated, being
31.01 ± 0.59% in G. arborea and ranging from 20.14 ± 1.42% in F. ingens to 32.78 ± 1.64% in F. lutea.
The mean number of rays/mm2 in the wood TLS of G. arborea was 13, but the values ranged between 8 in
F. populifolia and 22 in F.  natalensis  (Table 3). 
Figs 1 to 5 show the variations in the  five derived parameters in the 13 hardwood species investigated i.e.
fibre to vessel ratio (Fig1), Fibre to non-fibrous tissue ratio (Fig 2), the fibre slenderness ratio (Fig3), Runkel
ratio (Fig4) and coefficient of fibre flexibility (Fig5).  The means of these five-derived parameters for  the 13
tree species  are presented in Tables 3 and 4.

Fig. 1: Variations in the mean Fibre -to-Vessel ratios in the wood of 13 tree specied studies 1G=arborea,
2=F.lutea; 3=F.natalensis, 4=F.mucusa, 5=F.ovata, 6=F.ingens 7=F.umbellata, 8=F.ottonifolia,  9=F.
Polita, 10=F.thonning, 11=F.exasperata, 12=F.sur, 13= F.populifolia.

The mean wood specific gravity, S.G. and mean percentage wood ash content in G. arborea were 0.51 and
1.95 respectively.  In the Ficus species investigated however, the mean S.G. values ranged between 0.44 in
F sur and 0.58 in F. ottonifolia while the mean percentage wood ash content was between 1.39 in F.
thonningii and 2.22 in F ottonifolia.

Wood density of G. arborea and its biological significance have been explained (Akachukwu, 1980).The
significance of wood S.G. in the pulping process has also been thoroughly discussed by Ademiluyi and Okeke
(1979) and Espinoza (2003).  Moreover, the percentage wood ash content as it affects the process of
papermaking is known (Sosanwo, 1984; Fuwape, 1991). The results of this investigation with regard to these
two parameters are both corroborative to those of earlier investigators into hardwoods ( Anon, 1984 ; Hurter,
2001) and indicative of the fair conformity of the Nigerian species of Ficus with G. arborea for papermaking.

The values of the mean wood fibre lengths in the 13 tree species investigated are short, being in the range
990.21 ± 56.59 to 1333.36 ± 53.45µm. Fibres below 1.60mm are classified as short while those  above
1.60mm in length are said to be long (Metcalfe and Chalk, 1983; Anon, 1984).  Going by this classification,
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all the tree species studied have short fibre lengths since their mean fibre lengths are all less than 1.60mm (or
1600µm) as presented in Table 4.  In similar observations, Kpikpi and Olatunji (1990), Kpikpi (1992) and Uju
and Ugowoke (1997) reported fibre lengths of less than 1.60mm in some Nigerian hardwood species.
Moreover, earlier reports and observations have revealed that the average length of fibres in hardwoods was
only about 1mm and in coniferous wood, about 3mm (Anon, 1951; Cutter, 1971; Hurter, 2001).

Fig. 2: Variations in the mean Fibre -to-Nonfibrous tissue ratios in the wood of 13 tree specied studies
1G=arborea, 2=F.lutea; 3=F.natalensis, 4=F.mucusa, 5=F.ovata, 6=F.ingens 7=F.umbellata,
8=F.ottonifolia,  9=F. Polita, 10=F.thonning, 11=F.exasperata, 12=F.sur, 13= F.populifolia.

Fig. 3: Variations in the mean Relative Fibre Lengths in the wood of 13 tree species studied 1G=arborea,
2=F.lutea; 3=F.natalensis, 4=F.mucusa, 5=F.ovata, 6=F.ingens 7=F.umbellata, 8=F.ottonifolia,  9=F.
Polita, 10=F.thonning, 11=F.exasperata, 12=F.sur, 13= F.populifolia.
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Fig. 4: Variations in the mean Runkel ratios in the wood of 13 tree species studied 1G=arborea, 2=F.lutea;
3=F.natalensis, 4=F.mucusa, 5=F.ovata, 6=F.ingens 7=F.umbellata, 8=F.ottonifolia,  9=F. Polita,
10=F.thonning, 11=F.exasperata, 12=F.sur, 13= F.populifolia.

Fig. 5: Variations in the meanCoefficient of fibre flexibility in the wood of 13 tree species studied
1G=arborea, 2=F.lutea; 3=F.natalensis, 4=F.mucusa, 5=F.ovata, 6=F.ingens 7=F.umbellata,
8=F.ottonifolia,  9=F. Polita, 10=F.thonning, 11=F.exasperata, 12=F.sur, 13= F.populifolia.

Woody species with short fibre lengths are less suitable for paper making than the long-fibre species
(Dickman, 1975, Anon, 1978).  According to Ademiluyi and Okeke (1979), the longer the fibres, the higher
the tear resistance of paper produced from them.  This means that papers produced from fibres of short lengths
are likely to have low tear resistance (Uju and Ugwoke, 1997).  Although, wood fibre length has long been
acknowledged as a factor for consideration in PPM, Kpikpi and Olatunji (1990) cautioned against undue
emphasis on absolute fibre morphology. Instead, they advised that greater attention should be paid to the
overall wood structure with regard to the relative composition by volume, of the various tissue types.  Arising
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from this development, the percentage composition of the non-fibrous tissues namely, vessels, parenchyma and
ray, relative to that of fibres in the wood volume become important (Kpikpi, 1992).  Moreover, the
consideration of certain derived values such as F/V ratio, F/NF ratio, fibre slenderness, Runkel ratio and
Coefficient of fibre flexibility becomes relevant (Wood, 1989).

The percentage of wood fibres computed for the 12 species of Ficus studied are all significantly lower than
52.98% in G. arborea.  So also, the percentage of parenchyma was significantly higher in all the Ficus species
studied than 5.22% observed in G. arborea (Table 3).  Going by the observations on these two wood
parameters, one probably feels that none of the Ficus species studied should be considered as a suitable
substitute for G. arborea, which is currently acknowledged to be locally useful for paper making in Nigeria
(Nnabuife, 2001).  With regards to two other related parameters, however, i.e. the percentage wood vessel and
the percentage ray content, the PPM suitability of G. arborea and Ficus species can be rated equal (Tables
3). Perhaps the more useful determinants of PPM potentials of the Ficus species under consideration are the
five key derived ratios earlier mentioned (Tables 3 and 4).  With respect to the F/V ratio, all the Ficus species
studied can compare favourably with G. arborea as raw materials for papermaking (Table 3 and Fig 1).
Furthermore, the F/NF ratios in the Ficus species are significantly lower than 1.14 ± 0.04 observed in G.
arborea (Table 3; Fig 2).  This implies that the composite of the non-fibrous tissues namely, vessels, axial
parenchyma and ray in these species substantially outweigh the sclerenchymatous fibres, which are more
preferable in any pulp producing species.

Non-fibrous tissues pose various problems in the paper manufacturing process: their presence in large
quantities negatively influences the paper quality (Kpikpi, 1992).  According to Byrd and Fahey (1969), excess
vessels in pulp fail to bond properly and ‘lift’ in newsprint, causing fuzziness in printing.  Excessive
parenchyma may cause ‘fines’ in pulp, resulting in slow machine drainage and effluent difficulties (Klungness
and Sanyer, 1981).  It is noteworthy that the Ficus species studied all have a preponderant amount of
parenchyma and this significantly lowered their fibres to non-fibrous tissue ratio (Table 3, Fig 2).  Since this
ratio is less than 1 in all the species of Ficus under consideration (Table 3), one should not expect the yield
of pulp to be high (Kpikpi and Olatunji, 1990).  Moreover, the problem of ‘fines’ in the pulp is bound to
occur.

Contemporary anatomical appraisal of pulpwood species considers the relative fibre length (RFL) or the
fibre slenderness ratio as an important factor for it defines the magnitude of slenderness of the wood fibre.
Again, this derived value is more useful for determining the paper making potential of a woody species than
its absolute fibre length.  The results of fibre slenderness ratios in the Ficus species (family moraceae) studied
are similar to those of Uju and Ugwoke, 1997), the values ranging between 41.71 and 79.95 in seven other
species investigated by them in the family (Table 4; Fig 3).  A high magnitude of fibre slenderness ratio
implies a combination of an average length with a notably small cell diameter. This property provides such
fibre with sufficient bonding surface to spread the stress evenly over the entire area of the paper sheet (Panshin
and de Zeeuw, 1964).  If one agrees that the most slender fibre will make the strongest paper, one can easily
deduce the order of the quality of the hardwood species studied (Table 4).

The mean Runkel ratios for the 12 experimental tree species studied ranged from 0.26 ± 0.02 to 0.68  ±
0.09.  Moreover, the values of all but F. lutea are not statistically higher than 0.39 observed in G. arborea
(Table 4).  The extent to which this ratio is less than 1 in a wood sample is that, by which the paper making
suitability of its fibres is defined.  The lower this value, the thinner the fibre walls and the better are the fibres
for papermaking (Kpikpi and Olatunji, 1990).  Since all the values obtained are less than 1 (Table 4, Fig 4),
all the tree species investigated are good pulp and paper resources (Okereke, 1962; Wood, 1989).  The
relatively thin walls of the fibres will collapse more readily with the result that strong, inter-fibre bonds would
be attained in the paper sheet formation.  On the other hand, fibres with higher Runkel ratios would produce
porous papers (Iwenofu, 1979).

The notable paper making quality of the Nigerian species of Ficus is further established by the results of
their mean fibre flexibility coefficients in Table 4.  The mean values for the Ficus species with the exception
of F. lutea, which ranged between 0.65 and 0.79 showed no significant difference from 0.73 recorded for G.
arborea (Table 4; Fig 5). By implication, these Ficus  species can be said to be fair alternative sources of
wood for PPM.
The One-way ANOVA test conducted to compare the overall mean of the five key parameters in the 13 tree
species did not reveal a significant difference, P value being greater than 0.05 (Table5). By virtue of their fibre
dimensions therefore, the 12 Nigerian species of Ficus investigated are recommended as alternative pulp and
paper raw materials to G. arborea.
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Table 5: ANOVA for the overall mean of five key parameters of the wood of 13   tree species studied at P=0.05*
Sum of squares df  Mean square F Sig

Between tree species 1985.388 12 165.449 0.282 0.992
Within tree species 282589.90 481 587.505
Total 284575.30 493
* The five key parameters are F/V ratio, F/NF ratio, RFL. Runkel ratio and coefficient of fibre flexibility

That the product of paper making with hardwood species is substantially improved when their wood pulp
is mixed with coniferous pulp is an established fact (Chittenden et al., 1962).  Thus, if the overall wood
structure of the experimental tree species studied is something to go by, their recommendation as alternative
PPM wood resources should be upheld with certain level of caution.  Firstly, the wood pulp of these species
would require certain treatment to remove the excess parenchyma (Kpikpi, 1992); and secondly, the pulp yield
should be worked out first, and the pilot trials executed for each of them. These are necessary in order to
precisely determine what fraction of the coniferous pulp would be needed to make the ‘optimal mix ’with their
fibres (Chittenden et al., 1962).
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