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ABSTRACT

This studyexamined the relationships between fibre dimensional characteristics namely fibre length, fibre diameter,
lumen and cell wall thickness and shrinkage beharviour of 25- year -old Gmelina arborea. Five trees with clear bole
were randomly selected and felled from Oluwa Forest Reserve. Wood samples were systematically sampled at base
10%, middle 50% and top 90% of the merchantable height. Radiallythe wood samples were partitioned into
outerwood, middlewood and innerwood. The mean fibre length, fibre diameter, cell wall thickness and
lumenobtained for Gmelina arborea were 1.24mm, 21.21um, 18.31um and 1.81um respectively. The mean radial
shrinkage, tangential shrinkage and volumetric shrinkage obtained were 4.47%, 6.46% and 11.32%. Fibre
dimension decrease from base to top and increased from innerwood to outerwood. Shrinkage characteristics
increase from base to top and decrease from outerwood to innerwood.Satistical analysis conducted to testthe
significance of the variability in the properties examined were significant at 5% probability level. Effect of
anatomical properties was best observed in volumetric shrinkage and was followed by tangential shrinkage with
and radial shrinkage

Key words: Gmelina arborea wood, Fibre Length, Fibre Diameter, Lumen, Cell Widickness, Radial Shrinkage,
Tangential Shrinkage and Volumetric Shrinkage.

INTRODUCTION

Fibres are principal element that is responsibtetie strength of wood. They are composite matémidhat they
consist of a reinforcement of cellulose microfibrin a cementing matrix of hemicelluloses and h{gd]. The
rigidity of many woods is due to fibre content ahi determines the value of a species for manyused. Fibres
have thicker walls than other cells found in woaod #his influence the mechanical properties of wdds] asserted
that they are strength supporting cells that corapbe bulk of the cells of many hardwoods. Fibilss afluence
the shrinkage and working properties of timber,imyycharacteristics as well as pulping propertiesvood [19,
3].[11] stated that fibre wall thickness, diameded fibre length increase rapidly with increaseatise from pith.
The increases in fibre length from pith to bark dwe to the increasing age of the tree with a tieguéffect on cell
wall development[15]. Height in tree has littleexff on fibre length, while fibre diameter increagi¢éh height in
tree to about mid- height followed by a decreagihéii up [26, 27]. [22] reported a decreasing triendood fibre
length from the tree base to the top. This deangasend on wood fibre length is attributable te thfluence of the
growth promotion substances which are close tagytbeing tip. These growth promoting substancesaitgtrapid
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production of cells with decreasing maturation tithereby resulting in the production of short calighe tree top.
[2] stated that fibre wall thickness is closelyateld to wood density, variation in cell wall thiglgs from tree to tree
within individual trees is similar to patterns adrisity variation. These anatomical properties atingrto [13, 15]
have a positive correlation on the strength charistics of wood. [13] reported that the major cimitors of the
strength ofCeltis adolfi-friderici, Celtis mildbraedii and Celtis zenkeri includes wall thickness of the vessels and
fibres, fractional wall volumes of the vessels &ibdes and the length of the fibres. Fibre dimensaoe determined
by the dimensions of the cambial fusiform cellsiravhich they are derived and by the process thetirscduring
cell differentiation[20, 21].The objectives of thisudy were to investigate the variations in fibeegth, fibre
diameter, lumen diameter, cell wall the thicknesd eelationship between fibre dimension and shigekaroperties
of a 25-year oldsmelina arborea wood grown in Nigeria.

Study Area

Wood samples oBmelina arborea were collected from Oluwa Forest Reserve locateddigbo Local Government
Area, Ondo State. The reserve is located in theidwarapical zone of South-western Nigeria. It isslibetween
latitude 6°55” and 7°20" North and longitude 4%ad 5°32" East.The rain fall pattern is bimodahvdistinct wet
and dry season characterized by humid conditiotheérsouth and sub-humid conditions in the nortie Teserve
has a mean annual humidity of about 80%, mean &nerperature of about 26°C, and mean elevatioh?28m
above sea level [17], and about 19,000ha foresi ianOluwa forest reserve have been converted testo
plantation, while the remaining area is mostly arded for by degraded natural forest (927,000) arable
farmland (31,000). [16]. The soils are predominafgtruginous tropical soils and are typical of tlaiety found in
the intensively weathered areas of basement confipieations in the rainforest zone of Southwes\tligeria.

MATERIALS AND METHODS

Five trees were randomly selected fromeven agetisitEGmelina arborea in Oluwa Forest Reserve. This wasdone
in accordance with the procedure of ASTM D143-88ndard.Sample trees with very close diameter dasse
relatively straight stem and clear wood were setbctWood samples for the test were systematicetlllected
from the innerwood section (near the pithjd aouterwood section (close to the bark) whike thiddlewood
section was collected from midpoint between. Thedveamples were converted to three bolts of 50¢rg & the
base 10%, the middle 50% and top 90% of merchamtadibht in each of the sample trees resultingfteeh (15)
bolts. The bolts were partitioned into three eqaaies namely innerwood, middlewood and outerwoodgkthe
radial plane. 12 samples test of dimension 2cm m Xc30cm were obtained from each plank making 36 te
samples per tree to give a total of 180 test sasnple

Test samples used for fibre dimension evalnaticere collected from the radial and londjibal positions.

Wood samples measuring 20mm x 20mm x 30mm wereatell and softened by boiling for 24 hours in &kbea
of water over a hot plate. Thin sections of 20 onsr were prepared from the three well odénplanes vis-a-
vis cross sectional, transverse radial longiald sections (R.L.S.) and tangential longitadl sections
(T.L.S.) respectively, using a microtone slicimachine according to the procedure used3bly The

microtoned wood sections were placed into igistres containing methylated spirit for meishg.

Methylated spirit was used in order to praveolling and flaking characteristics of wbsections. Staining
was immediately done by adding drops of safraniot&m to the sections in the petridish and left ten minutes.
The stained wood sections were dehydrated with 88%d alcohol (ethanol) for about 60 secoratsd were
cleaned using cedar wood oil as a cleangagia This facilitated easy lifting of section digimounting.

Dimensions of cells from each representative sasnplere on the average of 25 measurements. Onerseeth
was lifted from the petridish with the aid of adeps into a slide and trimmed to sizes for coveraigle a slide
cover of 2 cm square. Filter paper was used to appxcess oil. Canada balsam was added toslide and
covered with cover slid. The prepared slidesevptaced over a hot plate to expel air bubblesadsal effect even
spread of Canada balsam on the slide. The slides wbserved under a photomicrograph elecmitroscope
with tracer reflector and this brought ote tdifferent anatomical features of the wo#lll.the projected
fibores were measured for anatomical charattesi evaluation such as fibre length, fibr@ndéter, fibre lumen
width and cell wall thickness.

Test specimens of 2cm x 2cm x 5cm were used faroebation of shrinkage. They were soaked in wiie#A8
hours in order to get them conditioned to moistveve Fibre Saturation Point (FSP). Specimen wasved one
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after the other; their dimensions in wet conditwere taken to the nearest millimeter using 40- 6@iggal vernier
caliper. Percentage shrinkages along the two plames measured after specimens had been oven-dastal,
tangential and volumetric shrinkage of the testamwere calculated using the following relatidpsh

Dr_dr

RdS = X L00 it s 1

TGS =20t o 100, oo, 2
D¢

Where:

RdS = radial shrinkage (%)

TgS = tangential shrinkage (%)

D, = initial dimension along the radial axis at gré4@ of >30%

D, = initial dimension along the tangential axis &t Mf> 30%.

d= final dimension along the radial axis at oven B¢ of < 30%.

d; = final dimension along the tangential axis atrodey MC of <30%

Where:

VS = Volumetric Shrinkage
Sg= Radial Shrinkage

Sy = Tangential Shrinkage

The data generated were subjected tostatisticadlysesa using analysis of variance (ANOVA), and npléti
regression models. The regression of selected depéwariables (Y on some independent variables)(Xsed for
the data processing is as statedin the equation 4

Y; =bg + byX; +byX; + bsXs + by X4E;
Where

Y;= Shrinkage characteristichy= Constant (intercept on Y- axis¥;= Fibre Length, X = Fibre diameter, X=
Fibre lumen, %= Fibre wall thickness, b= Coefficient of X_,, E = Error of estimation.

RESULTS AND DISCUSSION

Fibre length

The mean fibre length obtained f@melina arborea was 1.24mm. The value ranged from 1.20mm at thetdo
1.28mm at the base. While radially the mean rarfged 1.18mm at the innerwood to 1.32mm at the outed
(Table 1). Specifically, fibre length decrease gty from base to the top along the vertical aRistoss the bole it
increases steadily from innerwood to outerwood (@4d). The pattern of variation observed in thigdgthad earlier
been reported by [31] in the wood Bifical yptus globules, [14]in the wood ofTriplochiton sceleroxylon,[8] in the
wood of Tectona grandis. They attributed the increase in fibre length toré@ase in the length of cambial initial with
increasing cambial age. Decrease in fibre lengimfbase to top was earlier reputed by[1]with Olesburced
from a natural forest in Nigeria.[29]revealed tkatiation in wood along the axial and radial pasi§ and within
the annual rings might be due to genetic, physicallvicultural treatments.

Fibre diameter

The mean value obtained for fibre diameterwas 2ir8IThe values in the axial plane were 22188at the base,
21.65um at the middle and 19.8dn at the top. In the radial positions, the meargednfrom 22.56m in the
outerwood, 21.12m in the middlewood to 20.2én at the innerwood (Table 1). The variation pattgnowed that
fibre diameter generally decreased from base taatapincreased from innerwood to outerwood at aaryiqular
height (Table 1). The increase from middlewood titeonvood in the fibre diameter agrees with the ltestuthe
study carried out by[8] ofiectona grandis which had an increase in fibre diameter from pithbarkand disagrees
with the inconsistent pattern of variationBombax buonopozense reported by [18]. The observed variation in fibre
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diameter in the axial and radial positions may beoaiated with the increasing age of the treesthadmany
molecular and physiological changes that occuh@ tascular cambium as well as the increase imthad cell
wall thickness during the aging process [30, 23].

Cell wall thickness

The mean value for cell wall thickness was 1881The value ranged from 17,8% in the top to 18.8¥m in the
base on the axial plane. In the radial positiomsniean value ranged from 16un3in the innerwood to 19.8& at
the outerwood (Table 1). The pattern of variatindi¢ates that cell wall thickness decreased froseha the top
along the vertical axis. Radially variation increasfrom innerwood to the outerwood. This patterrvarfiation
agrees with Izekor and Fuwape (2011) in their @idd work orTectona grandis wood. Similar observation was
recorded by [14] on Obeche. He recorded a highlerevaf 4.umat the butt along the axial plane while @riwas
recorded at the top 90% of merchantable height.

Lumen

The mean for fibre lumen was 18,34. Thevalue ranged from 17,@% to 18.87um in the axial direction and from
16.73um to 19.83um in the radial plane (Tablel). The variation pattwas inconsistent in the lumen along the bole
as it decreases from the base to the top. The fremige radial plane was consistent with a steday, gradual
increase from middlewood to outerwood (Table 1) aiributed the differences in lumen width to ieasing age of
the tree.[4] reported positive relationship betwegariations in lumen width and age of the cambiiime variation

in cell wall thickness may be responsible for thartges in lumen width.

Analysis of variance showed that each sampled tssenpling height, radial position and interaction
wasinsignificant in fibre length at 5% probabiligvel. Sampled trees were significant in cell waitkness and
lumen, but were not significant infibre diametean$ling height was significant in fibre diametegllcwall
thickness and lumen. In the radial position fibrenteter and lumen was significant and was insigaift in cell
wall thickness at 5% probability level (Table 2).

Radial Shrinkage

The mean radial shrinkage was 4.47%, ranging fr@8% in the base to 4.34% in the middle and 4.67#%eatop.

In the radial position it decreased from 4.68%tie buterwood to 4.47% in the middlewood and 4.26%he

innerwood. The pattern of variation showed thahglthe vertical axis radial shrinkage was highhie lbase, it later
decreased in the middle and rapidly increased éntdip giving an inconsistent pattern of variati®adially the

pattern of variation shows that radial shrinkageéased gradually from the pith to the bark givémgindication of
radial uniformity towards the bark (Table 1).

Tangential shrinkage

The mean tangential shrinkage was 6.46%. In thal @kane the value ranged from 6.13% at the bafe78% at
the top. The mean in the radial position rangethf®03% in the innerwood to 6.97% in the outerw{bable 1).
The pattern of variation in the vertical axis irates that tangential shrinkage increased from #®e lto the top
while radially tangential shrinkage decreased fromterwood to innerwood (Table 1).The mean voluroetri
shrinkagewas 11.32%. Thevalue ranged from 10.798tease to 11.93% at the top along the vertiial Across
the radial plane the value ranged from 10.65% éitimerwood to 12.13% at the outerwood (Table hg pattern
of variation showed that both the vertical axis dahd radial plane varied alike. That is, volumetsiwinkage
increased from base to top and from innerwood terewod.

Volumetric shrinkage

Volumetric shrinkage recorded is approximately shen of tangential and radial shrinkage. The diffeesbetween
the longitudinal, radial and tangential shrinkagielile to the alignment of wood cells [9]. As waseremoved from
the cell walls, the cells move closer together. Btoent in the tangential and radial directions isesa times
greater than in the longitudinal direction [3].\&ion in shrinkage in the different directions aciog to [7] is due
to the cellular structure and physical organizattboellulose chain molecules within the cell walls

Analysis of variance for shrinkage characterisiiwicates that sampling height, radial position aathpled trees
were significant at 5% probability level while inaetion between sampling height and radial positioas
insignificant (Table 2).
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Table 1: Mean Values of Fibre Dimension and Shrinkge Characteristics ofGmelina arborea Wood

Sampling Height (%) |

Wood Properties Radial Position  Base (10%) MidsDé) Top (90%) Pooled Mean + SD
Fibre length (mm) Outerwood 1.38+0.09 1.33+0.03 51@03 1.32+0.05
Middlewood 1.27+0.10 1.22+0.08 1.20+0.03 1.23+0.07
Innerwooc 1.20+0.1( 1.17+0.0¢ 1.16+0.00  1.18+0.0°
Pooled Mean+SD 1.28+0.09 1.24+0.06 1.20+0.031.24+0.06
Fibre diametery(m) Outerwood 24.15+1.09 22.92+0.68 20.61+0.83 280587
Middlewood 21.82+2.77  21.60+0.92 19.95+0.65 21.12%1
Innerwood 21.18+2.93  20.42+0.67 19.19+1.16  20.28621.
Pooled Mean+SD 22.38+42.26  21.65+0.76 19.91+0.881.31+1.30
Cell wall thicknessym) Outerwool 2.05+0.8: 1.99+1.0° 1.83+0.7¢ 1.96+0.8¢
Middlewood 1.93+0.82 1.86+0.97 1.68+0.78 1.82+0.86
Innerwood 1.70+0.90 1.64+0.84 1.61+0.64 1.65+0.79
Pooled Mean+S 1.89+0.8! 1.83+0.9¢ 1.71+0.7.  1.81+0.84
Lumen @m) Outerwood 20.71+1.92  19.58+1.23 19.34+1.67 16188l
Middlewood 19.3042.83  17.90+1.34 17.78+0.78 18.38%1
Innerwood 16.59+3.54 17.12+1.32 16.48+0.93 16.7331.
Pooled Mean+SD 18.87+2.76  18.20+1.30 17.87+1.188.31+1.73
Radial shrinkage (%) Outerwood 4.67+0.23 4.54+0.04 4.84+0.12 4.68+0.13
Middlewooc 4.35+0.1! 4.39+0.1 4.66+0.4.  4.47+0.2:
Innerwood 4.17+0.22 4.09+0.36 451+0.16  4.26+0.24
Pooled Mean+SD 4.39+0.20 4.34+0.18 4.67+0.234.47+0.20
Tangential shrinkage (%)  Outerwood 6.81+0.28 6.8840 7.31+0.21 6.97+0.27
Middlewood 6.06+0.18 6.39+0.25 6.65+0.36  6.37+0.26
Innerwood 5.52+0.19 6.23+0.64 6.33£0.22 6.03+0.39
Pooled Mean + SD 6.13+0.22 6.47+0.41 6.73+0.266.46+0.89
Volumetric shrinkage (%) Outerwood 11.68+0.36 12082 12.58+0.22 12.13+0.47
Middlewood 10.84+0.53  11.04+0.43 11.62+0.25 11.1Z&0
Innerwooc 9.85+0.3! 10.52+0.91 11.58+0.4. 10.65+0.5
Pooled Mean+SD 10.79+0.41  11.23+0.74 11.93+0.201.32+0.48

The results of the regression analysis performedntalel the relationship between the dependent blaria
(Shrinkage Characteristics) and the independeriohas are listed in Table 3. Shrinkage charadiesisvere
positively and linearly correlated with fibre lehgtfibre diameter, cell wall thickness and lumemeTmultiple
regression which relates shrinkage characteristicthe independent variables applied in this study their
corresponding coefficient of multiple determinati¢rl) values are as in Table 3 below. Effect of anataini
properties was best observed in volumetric shriekagh SE of 0.79, followed by tangential shrinkagith SE
value of 0.51 and then radial shrinkage with SB.@2. The results from regression analysis in shisly revealed
that some anatomical properties have significafgcefto a large extent on shrinkage beharviour.Timeling in
this study is in agreement with the work[@#]which states that a particular anatomical aieitermines wood
property singlely or in combination with otherskisth hereditary and influenced by management mesfThis
implies that fibre dimensional characteristics flyiraffect shrinkage beharviour of wood.The cortiela matrix in
Table 4 for the independent variables showed afiignt relationship. From the various correlatimatrices for
the dependent variables shrinkage characterigtipssitively correlated with the independent vdgabThe result
of correlation analysis between radial shrinkagegential shrinkage, volumetric shrinkage, fibraghh, fibre
dimension, lumen and cell wall thickness indictia there was significant difference (at P<0.05).
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Table 2: Analysis of Variance for Fibre Dimensiorand Shrinkage Characteristics ofGmelina arborea Wood

Wood Properties Source of Variation Df Mean Square F- cal
Trees (Block) 4 0.008 0.24
Fibre Sampling Height (SH) 2 0.024 0773
Length (FI) Major plot Error 8 0.014
Radial Position (RP) 2 0.073 221
Interaction ( SH x RP) 4 0.003 009
Sut-Plot Erro 24 0.03:
Total 44
Trees (Block) 4 2.12 1.02
Fibre Sampling Height (St 2 23.7% 11.34°
Diameter (Fd) Major plot Error 8 3.49
Radial Position (RP) 2 20.48 9.77*
Interaction ( SH x RP) 4 1.2 057
Sub-Plot Error 24 2.09
Total 44
Cell wall Trees (Block) 4 6.1 3.79*
Thickness (Cwit) Sampling Height (SH) 2 0.14 0:09
Major plot Error 8 0.18
Radial Position (RP) 2 0.35 0722
Interaction ( SH x RP) 4 0.01 007
Sub-Plot Error 24 1.61
Total 44
Trees (Block 4 15.5¢ 16.68*
Lumen (lu) Sampling Height (SH) 2 3.85 4.12*
Major plot Error 8 6.19
Radial Position (RF 2 372 39.84°
Interaction ( SH x RP) 4 1.47 157
Sub-Plot Error 24 0.93
Total 44
Trees (Block) 4 0.073 4.22*%
Radial Sampling Height (SH) 2 0.46 26.59*
Shrinkage (Rs) Major plot Error 8 0.078
Radial Position (RP) 2 0.7 40.46*
Interaction ( SH x RP) 4 0.019 1.10ns
Sub-Plot Error 24 0.017
Total 44
Trees (Block) 4 0.47 6.06*
Tangential Sampling Height (SH) 2 15 19.36*
Shrinkagi (Ts) Major plot Erro 8 0.08¢
Radial Position (RP) 2 3.46 44.64*
Interaction ( SH x RP) 4 0.17 2.19ns
Sut-Plot Erro 24 0.0¢
Total 44
Trees (Block) 4 0.98 5.83*
Volumetric Sampling Height (SH) 2 3.51 20.91*
Shrinkage (Vs) Major plot Error 8 0.31
Radial Position (RP) 2 10.16 60.51*
Interaction ( SH x RP) 4 0.09 0.57ns
Sub-Plot Error 24 0.68
Total 44
*Sgnificant difference at 5% probability level
ns- non significant difference at 5% probability level
Table 3: Regression Equations of dependent and indendent variables
Shrinkage Property Iy by b, bs b4 r? Std Error
RS 3.835¢ -0.500: -0.068¢ 0.132¢ 0.1607 0.445¢ 0.227:
TS 49165 0.1840 -0.1115 -0.1115 0.3574 0.2698 2851
VS 8.7236 -0.6700 -0.1869 0.3483 0.5416 0.3398 793R

Y = by + Xy +0Xz + X5 + yXs + E
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Table 4: Results of correlation analysis between shkage characteristics and the studied variables

Variables Rs Ts Vs FI Fd lu Cwt
Radial shrinkage (Rs) 1.00 0.01 0.81 0.13 0.16 0.50 0.07
Tangential shrinkage (Ts) 0.01 1.00 0.91 0.20 0.11 0.26 0.28
Volumetric shrinkage (Vs) 0.81*  0.91 1.00 0.18 0.17 0.13 0.11
Fibre length (Fl) 0.13 0.20 0.18 1.00 0.62 0.48 0.22
Fibre diameter (Fd) 0.16 0.20 0.17 0.01 1.00 0’68 0.11
Fibre lumer (Lu) 0.50° 0.2¢ 0.17 0.4¢ 0.6¢ 1.0C 0.27
Cell wall thickness (Cwt) 0.07 0.28 0.11 0.22 0.10 -0.27 1.00

* Sgnificant at 5% level of probability
CONCLUSION

The relationships between fibre properties andngage in 25-year-olmelina arborea wood were significant at
5% probability level for most of the properties. T8tadyshowed that Fibre dimension decrease frora teatop and
increased from innerwood to outerwood. Shrinkagaratteristics increase from base to top and dezriram

outerwood to innerwood. Effect of anatomical pmigs was best observed in volumetric shrinkagectwhivas

determined by multiple of fibre length, fibre diat@e lumen and cell wall thick. It was followed bgngential

shrinkage and radial shrinkage.Positive correlati@as established between Fibre dimensional chaistate and

shrinkage properties. In view of this large shaig&, the wood species should be subjected to diectrair

seasoning technique to reduce possible dryingssaseassociated with the high shrinkage. After whighwood

could be suitable for veneer, plywood and saw womhufacture. Positive correlation was establisheveen

Fibre dimensional characteristics and shrinkagpenees.
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