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ABSTRACT

The efficient utilization of the Lesser Used timggecies is of utmost importance in the sustainatdeagement of
tropical forest in Ghana. Cola gigantea and Ficus are two lesser utilized timber species which available in
the forest estate of Ghana. Pulp and paper productis one of the essential wood industries contirigu
immensely to the world economies in pulp and pgpeducing countries. These species could be usedatsrial
for pulp and paper if the properties are establghin this study the anatomical properties of Cglgantea and
Ficus sur were determined to ascertain their suligbfor pulp and paper production. Five naturalgrown
matured trees each of Cola gigantea and Ficus snevgelected from Pra-Anum Forest Reserve in thistreemi-
deciduous (-South-east type) forest zone of GhResults indicated that, the ground tissue (vesgaleenchyma:
fibres) proportions for the species were 8%:43%%48nd 9%: 47%:44% for C. gigantea and F. sur respety.
The mean fibre length, lumen diameter and doublik thigkness for the species were 2.0mm, 14.8uémurd. and
1.5mm, 23.9um 7.5um for C. gigantea and F. sureetbgely. Ficus sur can be used to produce sheiishigher
tensile strength, burst index and fold endurancésiviCola gigantea can be used for sheets with hegr index.
Therefore, both Ficus sur and Cola gigantea carubed as a suitable raw material for pulp and papeyduction
in Ghana if their pulping characteristics provedtable.
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INTRODUCTION

The Pulp and Paper strategy Final Report [12] dttitat, growth in Latin American pulp productiorshzen strong
over the past decade as a result of the maturidge&panding plantation resources in that regiofurther stated
that the growth is supported by strong demand f@hima and Europe since China alone imports 22 get af the
world’s total supply of pulp. Short plantation hast periods provide Latin America with a compegitadvantage.
There have been several efforts to generate infitmman the appropriate pulping techniques as agkhppropriate
wood and non wood species for this industry in Ghdbarkwa [1] discussed the problems associated thi
utilization of mixed tropical hardwood species ammhcluded that it was possible to produce pulp aayger from
mixed tropical hardwood. Sekyere [14, 15] workedtba utilization of some tropical hardwoods and bamas
raw material for pulp and paper production in Ghata concluded tha8ambusa vulgarisMusanga cecropiodes
Gmelina arboreaand Eucalyptus degluptagyrown in Ghana are suitable species for pulp asokep production.
Although Ghana has not been able to develop vilpalgt and paper industry, it has the potentialtmdpce wood
pulp for export from the vase fast growing spedmsd in the natural forest. This will help increathe foreign
exchange and revenue generated from the foreselhssvcreating employment for the teaming unemgdoyouth
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in the country. Ghana’ natural forest is stockathvabout 2300 different plant species, 730 of ¢hegecies are
trees, 420 of these trees species are widely loliséd and 240 of these tree species grows to dihalrer sizes [3].
He further stated that about 126 species out ofeth240 timber species occurs in sufficient volurteeshe
considered as a raw material base for timber imgu$he potential for the utilization of Ghana'’srthaoods from
natural forests for pulp and paper-making is highe high level of diversity and distribution is @sults of the
suitable climatic and edaphic conditions prevaiiimghis country.

There is therefore the need to intensify the seftarh among these numerous species, those théstrgrowing,
easy to establish in plantations and has suitatdéoeical characteristics for pulp and paper prtdocFicus sur
and Cola giganteaare some of the fast growing timber species fomn@hana’s natural forest and can easily be
propagated either by seeds, stem cuttings or dyinethods. This study focused on their anatomicgbgrties, one

of the important factors for selecting plant spe@s a raw material for pulp and paper productizagakiet al [4]
stated that cell wall thickness and fiber lengtk ased to evaluate the suitability of a wood fopaaticular
application and the final paper products.

Ficus surbelongs to the family moraceae and widely distedithroughout tropical Africa from Cape Verde dast
Somalia, and south to Angola and South Africaldbaccurs in Yemerficus suroccurs from sea-level to 2500m
altitude, on riverbanks and in riverine forest, bigo in upland forest, woodland and wooded gragsia Ghana.
The tree prefers full sun and grows on a wide rasfgsoil type and can tolerate partial shade. Bpiscies can be
propagated by seed and stem cutting. The heartwoathite to yellow and not clearly demarcated frdme
sapwood. The grain is fairly straight or interlodkeith moderately coarse to coarse texture. Thedwsclightly
sticky when freshly sawn due to the latex. The wimodorous and lightweight with basic density bedwe00—
650Kg/n?[10,11] .

Cola giganteabelongs to Sterculiaceae family and very commothan dry semi- deciduous ecological zone of
Ghana. The tree can grow to about 50m high andn5girth with 90cm as the prescribed minimum fellaigmeter
[10]. Oteng-Amoako [10]; Owusat al [11] classified the wood as non-durable and mediemnsity wood. The
tree prefers full sun and grows on a wide rangsoilftype and can tolerate partial shade. It capropagated by
seeds and performs well under plantation estabksiim

The main objective of this study was to assessstlibility of Cola gigantea and Ficus sdor pulp and paper
production in Ghana.

MATERIALS AND METHODS

Five matured trees each ©bla giganteaandFicus sur were selected from Pra-Anum Forest Reserve imtbist
semi-deciduous (—South-east type) forest zone @in@iwhich lies betweerf 82'-6°19'N and £9'-1°17wW. The
average diameters of the trees at 1.3 meter abawend (dbh) were 63.8cm and 48.4cm €wola giganteaand
Ficus sur respectively. The mean clear bole length betwelearg/the first branch begins and the terminal poifnt
buttresses of each species were 1797cm and 114fxc@ola giganteaand Ficus sur respectively. The samples
were taken from butt (10%), middle (50%) and toPp%d height positions along the clear boles. Thesample
was taken close to the bark (sapwood) and the sar@ple near the pit (heartwood) in the radialddios.

Maceration

Samples of dimension 2mm x 2mm x 30mm from the tojgdle and bottom in axial position; and from sapad
and heartwood were prepared. The samples wereikeggiparate vial containing 60ml solution of 6% togen
peroxide and 97% acetic acid. The specimens warebated at 60C for seven (7) days to obtain complete
macerations. The macerates were rinsed with watdmzounted temporarily in diluted glycerol for magasnents
of cell dimensions.

Microscopic observations and measurements

All the anatomical observation and measurementg wene under light microscope (Fisher Scientificidimaster
premier equipped with computer software for liveagime captioning). Anatomical measurements were d&ing
the eyepiece scale of 100 divisions and 10x objed&ns. The number of vessels per square miléimetas
determined by counting the number of vessels usiale grid eyepiece with the field area of 1.4963mmn

average of five (5) counts per section was condeeorrespond to an area of 1fam
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Vessels, parenchyma and fibres proportions wereréed from each sample using 10x objective lamgs EOx
eyepiece with a dot grid scale of 20 points. Thesdale was placed five times at different areatherslide and at
each placement; the number of points covering &sy¢ was counted and expressed as a percentdige total
number of points.The tangential diameter of veksaina was determined by measuring the diametasixy (60)
vessels for each species. Fibre length, lumen vadththe double wall thickness were measured oncfriplete
and straight fibres per species. Excel 2007 aimtg®l pack and Statistical Package for Sociakfues (SPSS)
version 15 package were used to perform the AralyENVariance (ANOVA), Least Significant Differen¢eSD)
post-hoc-test to determine the variation in thengjtegtive anatomical features.

RESULTS AND DISCUSSION

Tissue proportion variation in Cola gigantea and Ficus sur

From Table 1, the proportion of vessel was 8% ithbsapwood and heartwood 6f gigantea Parenchyma
proportion was 44% in sapwood and 42% in heartwdbe. fibre proportion varied from 48% in sapwoodb 9o
in heartwood ofCola giganteaand the tangential vessel diameter varied fromud80n sapwood to 188um in
heartwood (Table 2). From the same Table 1, thenmessel proportion was 9% in both sapwood andiwead of
F. sur. Parenchyma proportion varied from 49% in sapwtmd4% in heartwood. Fibre proportion was 42% in
sapwood and 47% in heartwoodFé€us surand vessel diameter was 216umHRarus sursapwood and 236um for
its heartwood (Table 2). The wider vessel diamdtetseartwood of both species were expected. Bp#ties are
fast-growing light demander species hence growslisapn the juvenile stages with larger cell lumand thin cell
walls but the growth rate relatively slows downtlas plant age. Therefore the plant produces cetls nelatively
thicker cell wall and smaller cell lumen. This magcount for relatively smaller vessel diameter apvgood as
compared with that of the heartwood of both specid®e mean percentage tissues proportion varieghtkfi
betweenCola giganteaand Ficus sur.The vessel proportion varied from 8%Q@ola giganteato 9% inFicus sur
Proportion of parenchyma varied from 43%dngiganteato 47% inF. surand fibre proportion was 49% {Dola
giganteaand 44% inFicus sur From Table 2, the vessel frequency was 4.07fiembothC. giganteaandFicus sur
Inter-vessel pit sizes were 3.0um for giganteaand 8.0 um foFicus sur The tangential vessel diameter varied
from 184 um inC. giganteato 225um inFicus sur.Ray parenchyma height varied from 1224 pun€irgiganteao
729um inFicus surand the ray width was 139 um@ giganteaand 121um irFicussur. Ramirezt al[13] stated
that vessels and fibres are essential in assegnguitability of wood species for pulp and paperduction. They
further stated thaEucalyptus globulesa suitable pulp and paper raw material has arot#dvessels / mm
Although high percentage of vessels facilitate pratien of pulping liquour into the wood, sheetfage quality is
lowered since vessel elements may pick out fronetssierface during printing process, leaving inlefspots on the
printed page [7]. The average tissue proportidnthese species coupled with low vessel frequedcyessels/
mnv’) make them suitable species for pulp and papetystion.

Table 1 Percentage ground tissues proportion (%) i€ola gigantea and Ficus sur

Tissues Vessel Parenchyma Fibres

Mean +a | Range| Mean o, | Range Mean # | Range
Cola gigantea
Sapwood 8 +3 5-10| 44 + 8 30-55| 48 £ 6 40 - 60
Heartwood 8 +3 5-15| 42 + 11 | 20-65| 50 + 11 | 30-70
Whole tree 8 +3 5-15|43 £ 9 20-65( 49 + 9 30-70
Ficus sur
Sapwood 9+5 5-20| 49 + 10 | 30-65| 42 + 8 30-55
Heartwood 9+4 5-15| 44 + 7 30-55| 47 + 8 35-65
Whole tree 9+4 5-20| 47 £ 9 30-65| 44 + 8 30 — 65

o = standard deviation

Fibre morphological variation in Cola gigantea and Ficus sur

From Table 3, the mean fibre length was 2.1mm &puwood and 1.9mm for heartwood @Gbla gigantea fibre
diameter varied from 24.2 um in sapwood to 25.lipmeartwood; fibre lumen diameter was 13.9 pmstgywood
and 15.6 um for heartwood; and the double cell wétkness was 10.3 um for sapwood and 9.5 pumdartivood

of Cola giganteaThese fibre morphological parametersQifla giganteaalso varied along the bole from butt to
top. All the parameter studied @ola giganteaexcept fibre lumen diameter seems to increase frmnop to the
butt. The fibre lumen diameter @fola giganteahowever, increased from top to middle and deccesm@ards the
butt. Tables 4.1.3 and 4.1.5 indicated that @@a giganteasapwood had significantly longer fibres than its

4652
Scholars Research Library



Charles Essieret al Annals of Biological Research, 2012, 3 (10):4650-4656

heartwoods at P< 0 .01. The lumen diameteCofyiganteaheartwood was significantly wider than that of its
sapwood at P<0.01. Although the mean value of thiétkness ofC. giganteasapwood was higher than that of its
heartwood, there was no statistical difference betwthem at P<0.05(Tables 4.1.3 and 4.1.5).Geda gigantea
from Table 4.1.5, except the double cell wall timeks across and fibre lumen diameter along the bbbldhe other
fibre morphological parameters studies varied §iicgmtly across and along the bole aO®1. Generally, fibre
lumen diameter ofC. giganteadecreased from heartwood to the sapwood at articglar height (Table 3) and
showed an increase from base to the middle anctdeed to the top (Table 3). From Table 4, the rfibam length
varied from1.7mm in sapwood to 1.4mm in heartwood Ficus sur fibre diameter varied from 31.7 um in
sapwood to 30.9 um in heartwood; fibre lumen di@metas 23.9 um for sapwood and 23.8 um for heaxyaiod
double cell wall thickness was 7.8 um for sapwood a1 um for heartwood &ficus sur The fibre diameter and
the fibre lumen diameter dficus surincreased from top to the middle and decreasedrisithe butt. Fibre length
and double cell wall thickness Bfcus surseems to increase from the top to the butt. Talsleddved that thEicus
sur sapwood had significantly longer fibres than igattwoods at P< 0 .01 but there was no signifid#feérence
between the lumen diameter Bitus sursapwood and its heartwood at P<0.B5sur sapwood was significantly
thicker than that of its heartwood at P<0.05 (TadleForF. surhowever on the same Table 5, except the lumen
diameter across the bole, all the other fibre molgdical parameters studies varied significantlyoas and along
the bole at R0.05. The general decrease in fibre length frombtee to the top and its corresponding increase fro
the heartwood to the sapwood sections observedidrstudy has been reported in other species lge&bral [6];
Izekor and Fuwape [5] when they studi&dicalyptus globulesand Tectona grandisrespectively. This trend
according to these authors is due to increasengttiein cambial initials with cambial age. The di#nces in fibre
length associated with increase in height is mailulg to the differences in the juvenile and mawwed proportion

in the tree, since the proportion of juvenile wandreases with an increase in height [17]. Fileregth and wall
thickness ofC. giganteawere significantly longer and thicker than thosé-irsur but the fibre diameter and lumen
diameter of~. surwas significantly wider than those Gf giganteaat P<0.01 (Tables 5).

Table 2. Vessel and ray morphology ofola gigantea and Ficus sur

Cola gigantea Ficussur
Anatomical feature Mean +a Range Mean +a | Range
Vessels
Frequency (mrf) 4003 3.0-5.0 40+0.2 | 3.0-5.0
Pit size (um) 3.0£04 29-34 8.0+0.7 | 3.8-10.1
Tangential vessel diameter (um)
Sapwood 180 + 30 125-238 | 216 +25 | 163 - 263
Heartwood 188 + 25 150-238 | 236 +35 | 163 - 300
Whole tree 184 + 28 125-238 | 225+31 | 163 - 300
Rays height (um)
Sapwood 1320 +400| 563 —2800| 793 +178| 500 — 1375
Heartwood 1078 +321| 563 — 1873| 665 +128| 400 — 1063
Whole tree 1224 + 453| 563 — 2800| 729 +167| 400 — 1375
Ray width (um)
Sapwood 140 +31 75-225 126+21 88 — 163
Heartwood 139+ 20 88 — 188 117 +32 | 50 - 163
Whole tre: 139+ 3: 75-225 121 +27 | 50-168

o = standard deviation

Izekor and Fuwape [5] stated that fibre morpholabiharacters differs between species and everinnsgiecies
due to inherent physiological and genetical vasigiwhich account for the between species woodepties They
further stated that silvicultural, environmentadaedaphic conditions may modify fibre morphologytbé same
wood species growing under different ecological d afimatic zones. Therefore variations between fibee
morphological parameters dfola giganteaand Ficus sur may be due to differences in their genetic and
physiological propertiegricus surhas thinner and wider fibres as compared Wtha gigantea(Table 3 and 4)
According to Niskanen [9], thinner and wider fibresllapse more easily and are more flexible andaromdble.
They tend to form more inter- and intra-fibre bondsin-walled fibres therefore yield a higher relativonded area
(RBA) and less porosity in the paper sheet. Thisllte in a higher sheet density and tensile strerdjie to the
higher bonding degree. Conformable and flexible-thétied fibres will also improve surface smoothné&esth and
Page [16] and Niskanen [9] stated that in a welldmml sheet the tear and tensile strength depeadotedibre
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length. Niskanen [9] explained that, when formirgper from pulp, longer fibres start flocking at a doviibre
concentration than shorter fibres do. Under equatlitions, shorter fibres, therefore, yield a mor&arm paper
with better formation than longer fibres. Therefétesur can be used to produce sheets with smooth sutiageer
sheet density and tensile strength tRarta gigantea

Table 3 Summary descriptive analysis of fiber lendt (FL, mm), double wall thickness (DWT, um), Fibedumen diameter (FLD, um) and

fiber diameter (FD, um) variation along and acrosshe stem of Ficus sur

Sections Top (90%) Middle (50%) Butt (10%) Total
Mean & (n) | Mean 4u (n) Mean 0. (n) | Mean 4o (n)
Fibre length Sapwood | 1.3+0.13 (35) | 1.7+0.27(35) | 2.0+0.16 (35)| 1.7+0.34 (105)
(mm) Heartwood | 1.620.15 (35)| 1.1+0.11(35) | 1.7+0.15 (35) | 1.4+0.30(105)
Total 1.4"+0.19 (70) | 1.4"+0.38(70) | 1.8+0.23 (70) | 1.5+0.34 (210)
Fibre diameter| Sapwood | 33.8+4.9 (35) | 34.5+3.9(35) | 26.9+3.1 (35) | 31.745.3 (105)
(um) Heartwood| 31.1+3.8 (35) | 32.7+3.9(35) | 29.1+3.0 (35)| 30.9+3.9 (105)
Total 32.4+4.6 (70) | 33.6'+4.0(70) | 28.0°+3.2 (70) | 31.3+4.6 (210)
FLD Sapwood | 26.5+4.7 (35) | 25.8+3.9(35) | 19.5+3.3(35) | 23.9+5.1 (105)
(um) Heartwood | 22.2+3.9 (35) | 27.6+4.1(35) | 21.6+3.2 (35) | 23.8+4.6 (105)
Total 24.3+4.8 (70) | 26.7'+4.1(70) | 20.6% 3.4(70) | 23.9+4.8 (210)
DWT Sapwood | 7.3+1.4 (35) | 8.6+2.0 (35) | 7.4+1.9 (35) | 7.8+1.9 (105)
(nm) Heartwood | 8.9+2.1 (35) 5.1+1.1 (35) | 7.4+¥25(35) | 7.1+2.5(105)
Total 8.1't1.9 (70) | 6.7/+2.4 (70) | 7.4"+2.2 (70) | 7.5+2.2 (210)

Means with the same letters are not significant@P5)

Table 4 Summary descriptive analysis of fiber lendt (FL, mm), double wall thickness (DWT, um), Fibedumen diameter (FLD, um) and

fiber diameter (FD, um) variation along and acrosshe stem ofCola

Top (90%) Middle (50%)| Butt (10%) Total
Sections Mean# (n) | Meanz (n) | Mean#n (n) | Mean . (n)
Fibre length Sapwood | 1.7+0.14(35) | 2.340.28 (35) | 2.4+0.26 (35) | 2.1"+0.39(105)
(mm) Heartwood| 1.8+0.18 (35) | 1.9 +0.18 (35)| 1.9+0.26 (35)| 1.9"+0.21 (105)
Total 1.8%0.17 (70) | 2.1°+0.29 (70) | 2.1°+0.37 (70) | 2.0+0.33 (210)
Fibre diameter| Sapwood | 22.6+2.8 (35) | 24.7+3.9 (35) | 25.3+3.4 (35) | 24.Z2+3.5(105)
(um) Heartwood | 24.7+2.4 (35) | 24.8+3.1 (35) | 26.1+4.0 (35) | 25.1+3.3(105)
Total 23.542.8 (70) | 24.8+3.5(70) | 25.7+3.7(70) | 24.7+3.4 (210)
FLD Sapwood | 13.9+2.9(35) | 14.7+ 2.9 (35)| 13.2+3.1(35) | 13.9'+3.0(105)
(um) Heartwood | 14.6+3.2 (35) | 16.4+2.9 (35) | 15.9+3.8 (35) | 15.6'+3.4(105)
Total 14.343.0(70) | 15.5+3.0(70) | 14.6+3.7(70) | 14.8+3.3 (210)
DWT
(pum) Sapwood | 9.8+2.0 (35) | 10.0+2.8 (35) | 12.0+3.0 (35) | 10.3'+3.0(105)
Heartwood | 8.7+2.3 (35) | 8.5+1.8 (35) | 10.3+3.1(35) | 9.5"+2.5(105)
Total 9.342.8(70) | 9.2+25(70) | 11.1+3.1(70) | 9.9+2.8 (210)

Means with the same letters are not significant@P5)

Comparison of fibre dimensions and derived valuesfcC. gigantea and F. sur with other Ghanaian timber
species suitable for pulp and paper production

Table 6 shows the fibre dimensions and derivedesfarCola giganteaFicus sur Musanga cecropiode&melina
arborea, Eucalyptus degluptand Bambusa vulgarisThe fibres of both th€ola giganteaand Ficus surwere
longer than those of the suitable commercially labdé timber species found in Ghana. Sekyere [$5¢ded that
the suitability of a material for pulp and papetasgely determined by its runkel ratio and saidttthe lower the
ratio, the better the material for paper productiBased upon the runkel ratio, bd@lola giganteaand Ficus sur
will be better raw material for production of puwdpd paper with higher strength properties tBambusa vulgaris
and Eucalyptus degluptaThe double fold endurance, tensile strength aadstbfactor seems to be positive
correlation with the flexibility ratio and that thegher the flexibility ratio, the higher these pesties will be [2,
15]. Therefore based upon the flexibility ratiicus surwill produce sheets with higher tensile strengiwst and
fold endurance than all the other materials exéapalyptus degluptaCola giganteawill have the least of these
properties compared with other materials (TableAgart from Bambusa vulgaris, Cola giganteaill have the
highest tear index because of its higher slendsma®.
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Table 5 Analysis of variance (ANOVA) of the fibre norphological parameters inCola gigantea and Ficus sur

Species Sections Sources of variatio F-value itFfcdf
Radial (sapwood & heartwood] Fibre length 3275 | 6.76 | 1,208
Cola gigantea Fibre lumen diameter| 14.05 6.76 | 1,208
Double wall thicknesy 3.48' 3.89 | 1,208
Axial (butt, middle, top) Fibre length 34.29 471 | 2,207
Fibre lumen diameter| 2.77* 3.04 | 2,207
Double wall thicknesg 10.84" | 4.71 | 2,207
F. sur Radial (sapwood & heartwood] Fibre length 29.16 | 6.76 | 1,208
Fibre lumen diameter| 0.04* 3.89 | 1,208
Double wall thicknesg 4.51 3.89 | 1,208
Axial (butt, middle, top) Fibre length 56.65 471 | 2,207
Fibre lumen diameter| 39.24" | 4.71 | 2,207
Double wall thicknesg 5.40 471 | 2,207
Whole C. gigantea & Ficus surl Fibre length 17478 | 6.70 | 1,418
Fibre lumen diameter| 500.21" | 6.70 | 1,418
Double wall thicknesg 94.81" | 6.70 | 1,418

** = Significant at P< 0.01, * = significant at P<®5, ns = not significant at P<0.05

Table 6 Fiber dimensions and derived values d@ola gigantea and Ficus sur compared with some of the cellulosic materials iGhana
found to be suitable for pulp and paper production

Species Cola gigantea| Ficus sur| B. vulgaris| Musanga cecropiodgs Gmelina arborlea dimtus deglupta)
Fiber length L (mm) 1.99 1.55 2.65 1.25 1.00 0.99

Fibre diameter, D (um) 24.70 31.30 14.60 25.11 28.80 17.48

Fibre wall thickness, W (um) 4.95 3.75 4.95 3.00 2.80 2.55

Fibre lumen diameter, | (um) 14.80 23.9 9.65 18.88 20.31 12.20

Slenderness ratio L/D 80.57 49.52 182.00 49.80 38.80 56.60

Runkel ratio 2W/I 0.72 0.33 1.03 0.32 0.27 0.84

Flexibility ratio (/D) x 100 59.92 76.36 66.10 75.20 78.70 69.80

Sources of data: Sekyere (1994 and 1997)
CONCLUSION

From the fibre dimensions, vessels frequency aeddirived values, botiola giganteaand Ficus surwill be
better raw material for production of pulp and papéth higher strength properties th@ambusa vulgarisand
Eucalyptus degluptaFicus surcan be used to produce sheets with higher tesisgdagth, burst and fold endurance
than all the other raw materials excdpicalyptus degluptavhilst Cola giganteawill have the least of these
properties compared with other materi@®la giganteacan use to produce sheets with highest tear ibdeause

of its higher slenderness ratio. Therefore, Wethus surand Cola giganteacan be used as a suitable raw material
for pulp and paper production in Ghana.
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