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ABSTRACT

The variations in anatomical characteristics namélyre length, fibre diameter, fibre lumen
width and cell wall thickness of Tectona grandisod@age 15, 20 and 25-year old respectively
were investigated. Six trees from each even agad sind similar class diameter selected from
Edo State Forestry plantations were used for thelyst Wood samples were systematically
collected from the outer, middle and inner woodises of the radial and longitudinal positions
at 10, 50 and 90% of the tree height. The meanegabf fibre length were 1.45, 1.73 and 1.96
mm; fibre diameter were 26.79, 29.47 and 32.83 filmme lumen width were 18.17, 15.60 and
14.17 pm while the mean values for fibre wall theeds were 5.87, 7.89 and 9.80 um for 15, 20
and 25-year old Tectona grandis wood respectivielgre length, fibre diameter and cell wall
thickness increased with increase in age whileefilbmen width decreased with increase in age.
However all the anatomical characteristics examimnedhis study increased from innerwood to
outerwood but decreases from the base to top. Aesalgf variance used for mean separation
were significant (p <0.05).

Key words: Tectona grandisvood, Fibre Length, Fibre Diameter, Fibre Lumendij Cell
Wall Thickness, longitudinal and radial positions.

INTRODUCTION

Wood consists of matrix of fibre walls and air spaclts structural properties vary from pith to
bark, from the tree base to the top and from temgb the branches and roots [1]. The primary
structural block of wood is the tracheids or fibedls. These cells vary from 16 - 42 micrometers
in diameter and from 870 - 4000 micrometer long [Pe variations in wood properties are
attributable to the different distribution pattewfsts micro structures, its arrangement, size and
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dimension of components cells. In hard wood, tHis tleat make up the anatomical organization
are the vessels, fibres, parenchyma cells and toel nays. Fibres are the principal element that
is responsible for the strength of the wood [2@3¢loo and Laing [4] reported on the major
contributors to the strength @eltis adolfi-friderici, Celtis mildbraedii and C&s zenkerito
include wall thickness of the vessels and fibras, ftactional wall volumes of the vessels and
fibres and the length of the fibres. These anatahpooperties according to [4] have a positive
correlation on the strength characteristics of wdoadilude [5] discovered a positive correlation
in fibre length with the age of the tree from thhgo the bark for plantation growherminalia
superbin his work.

Fibre length is one of the quality parameters fdpwood [6]. It has been extensively studied in
relation to tree age and within tree position [T, Bbre dimension are determined by the
dimensions of the cambial fusiform cells from whitley are derived and by the process that
occurs during cell differentiation [9,10]. Fibrenfgth and cell wall thickness have been reported
to show gradual increase from pith to bark [11T%je increases in fibre length from pith to bark
according to [5] are due to the increasing agehefttee with a resulting effect on cell wall
development. Rulliaty and America [12] reportedezréasing trend in wood fibre length from
the tree base to the top. This decreasing trendamd fibre length is attributable to the influence
of the growth promotion substances which are clogee growing tip. These growth promoting
substances initiate rapid production of cells & point with decreasing maturation time thereby
resulting in the production of short cells at treettop.

The main objective of the study was to examinevidugations in anatomical characteristics of
plantation grownTectona grandisvood in Edo State, Nigeria. The specific objediveere to
investigate the variations in fibre length, fibreardeter, fibre lumen width and fibre wall
thickness within and between trees of the samedifferent age classes dfectona grandis
wood in both radial and longitudinal positions.

Study Area

Wood samples ofectona grandisvere collected from Edo State Forestry plantatidre forest
plantation lies between latitud€ &5’ and 7 8’ north and longitude %4’ and 6 52’ east. The
climate of the area is tropical with distinct weidadry season characterized by humid conditions
in the south and sub-humid conditions in the nofie rain fall pattern is bimodal and varies
from 2000 mm a year in the humid southern partts0lmm a year in the sub-humid northern
parts. The mean monthly temperature is abod€2#¥ith a range of 22-38 while the relative
humidity range is from 79-90% [13]. The topogramiyhe area is generally flat with pocket of
gentle undulation.

MATERIALS AND METHODS

Six trees were randomly selected from each eved atgnd ofTectona grandiglantation in

accordance with the procedure of ASTM D143-83 stathdi14]. Sample trees with very close
diameter classes, relatively straight stem andr ckesd were selected. Wood samples for the
test were systematically collected from the inneod section (near the pith) and outer wood
section (close to the bark) while the middle woedt®n was collected from midpoint between
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the inner and the outer wood sections of the tréles.testsamples were conditioned to 12 %
moisture content in a controlled laboratory duriing test.

Wood samples used for anatomical properties evatuatere collected from the radial and
longitudinal positions of the trees among the ttage classes of 15, 20 and 25- yearT@dtona
grandis wood respectively. Wood samples measuring 20mmmmn2 x 30mm were collected
and softened by boiling for 24 hours in a beakewafer over a hot plate. Thin sections of 20
microns were prepared from the three well oriergkhes vis-a-vis cross sectional, transverse
radial longitudinal sections (R.L.S.) and tangdnigagitudinal sections (T.L.S.) respectively,
using a microtone slicing machine according to phecedure used by [15]. The microtoned
wood sections were placed into petridishes comgininethylated spirit for moistening.
Methylated spirit was used in order to preventimglland flaking characteristics of wood
sections. Staining was immediately done by addimogsl of safranin solution to the sections in
the petridish and left for ten minutes. The staimedd sections were dehydrated with 95% ethyl
alcohol (ethanol) for about 60 seconds and weranelé using cedar wood oil as a cleaning
agent. This facilitated easy lifting of section idgrmounting.

Dimensions of cells from each representative sasngiere on the average of 25 measurements
according to [6]. One section each was lifted friiv@ petridish with the aid of a forceps into a
slide and trimmed to sizes for coverage with aestidver of 2 cm square. Filter paper was used
to mop up excess oil. Canada balsam was addecetslitte and covered with cover slid. The
prepared slides were placed over a hot plate teleaip bubbles and also effect even spread of
Canada balsam on the slide. The slides were olibamader a photomicrograph electronic
microscope with tracer reflector and this brought the different anatomical features of the
wood.

All the projected fibres were measured for anatamaharacteristics evaluation such as fibre
length, fibre diameter,fibre lumen width and cedliithickness.

RESULTS AND DISCUSSION

Fibre Length
The mean fibre length values obtained were 1.48 and 1.96 mm for 15, 20 and 25- year old
Tectona grandisvood respectively (Table 1).

The mean values of fibre length obtained in theyikoinal positions ranged from 1.55 to 1.32,
1.85 to 1.58 and 2.11 to 1.80 mm while in the ragasition the mean values obtained ranged
from 1.37 to 1.51, 1.63 to 1.82 and 1.80 to 2.15 famages 15, 20 and 25- year dldctona
grandiswood respectively (Table 1). Therefore wood fileegth increased with increase in age.
Generally, there was decrease in fibre length frioenbase to the top and an increase from inner
wood to outer wood (Table 1).

Analysis of variance carried out at 5% probabiléyel showed that the variations in wood fibre
length for different ages, sample trees, longitatland radial positions were significant (Table
5). This is an indication that age, sample treasgitudinal and radial positions from where the
wood samples were collected contributed to theatians in fibre length.
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The general decrease in fibre length from the baskee top and its corresponding increase from
innerwood to outerwood sections observed in thidyshad earlier been reported in the wood of
Eucalyptus globule$6]. The authors attributed the increase in filmegth to increase in the
length of cambial initial with increasing cambiglea

The differences in fibre length associated witlréase in height is mainly due to the differences
in the juvenile and mature wood proportion in theef since the proportion of juvenile wood

increases with an increase in height [16]. Gehethkre was a decrease in fibre length with
increasing height of the tree [17, 18, 19, and 20].

Table 1: Mean Fibre Length (mm) of Tectona grandis wood in Relation to Age, Heights and
Positions in the Tree

Sampling Height (%)
Age Radial Base (10%) Middle (50%) Top (90%) Mean
(Years) Position Mean+SD Mean+SD Mean+SD Pooled Mean
15 Outerwood 1.61+0.18 1.56+0.18" 1.35+0.07 1.51+0.14
Middlewood 1.5740.15° 1.5040.12° 1.3320.0¢° 1.4720.13
Innerwood 1.45+0.16 1.38+0.08' 1.28+0.06° 1.37+0.09
Pooled mean  1.55+0.08 1.48+0.09 1.32+0.04 1.45+0.07
20 Outerwood 1.95+0.18 1.84+0.18 1.67+0.16 1.82+0.14
Middlewood 1.86+0.14 1.76+0.12 1.58+0.08 1.7340.14
Innerwood 1.75+0.18° 1.630.15" 1.50+0.08 1.63+0.13
Pooled mean 1.85+0.10 1.7440.11 1.58+0.09 1.73+0.10
25 Outerwood 2.33+0.18 2.17+0.18 1.96+0.18 2.15+0.19
Middlewood 2.07+0.18 1.92+0.15° 1.78+0.14' 1.92+0.15
Innerwood 1.93+0.17¢ 1.82+0.14" 1.65+0.13 1.80+0.14
Poole mean 2.11+0.20 1.97+0.18 1.80+0.16 1.96+0.18

Each value is the mean and standard deviationreplicates sampled trees of Teak
Mean of the same age with different superscriptsigaificantly different (p < 0.05)

Fibre Diameter
The mean fibre diameter values were 26.64, 29.473a83 um for ages 15, 20 and 25- year old
Tectona grandisvood respectively (Table 2).

The mean values of fibre diameter obtained in tdmgitudinal positions ranged from 29.20 to
24.52, 31.89 to 26.92 and 35.47 to 30.19 um. Inréldéal positions, the mean values obtained
ranged from 24.65 to 28.36, 27.42 to 31.71 and33®234.70 um for ages 15, 20 and 25-year
old Tectona grandisvood respectively (Table 2). Fibre diameter inseshwith age, from 15-
year through 20- year to 25- year dldctona grandisvood. Fibre diameter generally decreased
from base to top and increase from innerwood teradod at any particular height level (Table
2). The observed increase in fibre diameter assatiaith the increasing age of the tree may be
due to the many molecular and physiological chatiggisoccur in the vascular cambium as well
as the increase in the wood cell wall thicknessnduthe tree aging process [21, 22].

Analysis of variance for fibre diameter showed thge, tree sample longitudinal and radial
positions from where the wood samples were coltectetributed significantly to its variations
at 5% probability level (Table 5).
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Table 2: Mean Fibre Diameter (um) ofTectona grandis wood in Relation to Age, Heights
and Positions in the Tree

Sampling Height (%)
Age Radial Base (10%) Middle (50%) Top (90%) Mean (%)
(Years) Position Mean+SD Mean+SD Mean+SD Mean+SD
15 Outerwood 30.39+2.33 28.42+3.8% 26.27+2.93 28.3612.06
Middlewood 29.83+2.58 26.35+3.12 24.54+2 48" 26.91+2.69
Innerwood 27.37+3.0% 23.84+2.88 22.75+2.2F% 24.65+2.42
Pooled mean  29.20+1.61 26.20+2.29 24.52+1.76 26.64+2.37
20 Outerwood 34.36+2.38 32.07+3.5% 28.70+2.95° 31.71+2.85
Middlewood 31.85+2.71¢ 29.18+3.08 26.82+3.08 29.28+2.52
Innerwood 29.46+3.06 27.58+2 44 25.23+2.18 27.4242.12
Pooled mean  31.89+2.45 29.61+2.28 26.92+1.74 29.4742.49
25 Outerwood 36.54+2.1¢ 35.09+4.18 32.47+3.24 34.70+2.06
Middlewood 36.41+2.41 33.52+3.28° 30.65+2.82 33.53+2.88
Innerwood 33.45+3.36° 29.85+2.38 27.462.14 30.25+3.02
Pooled mean  35.47+1.75 32.82+2.69 30.19+2.54 32.83+2.64

Each value is the mean and standard deviation jgifcdates sampled trees of Teak
Mean of the same age with different superscriptsigeificantly different (p < 0.05)

Table 4: Mean Lumen Width (um) of Tectona grandis wood in Relation to Age,

Heights and Positions

Sampling Height (%)
Age Radial Base (10%) Middle (50%) Top (90%) Pooled Mean
(Years) Position Mean+SD Mean+SD Mean+SD Mean+SD
15 Outerwood 22.10+1.43 19.48+1.88 17.69+1.3% 19.76+2.22
Middlewood 20.65+1.68 18.33+1.6% 16.71+1.29 18.56+1.98
Innerwood 18.47+1.68° 15.60+2.07 14.53+1.29 16.20+2.04
Pooled Mean  20.41+1.83 17.80+1.99 16.31+1.62 18.17+2.08
20 Outerwood 18.79+1.38 16.43+1.93 14.89+1.38 16.70+1.96
Middlewood 17.50+1.5% 15.53+1.7% 13.89+1.46 15.64+1.81
Innerwood 15.90+1.47 14.59+1.46 12.82+1.28 14.44+1.55
Pooled Mean  17.40+1.45 15.52+0.92 13.87+1.04 15.60+1.77
25 Outerwood 16.51+1.50 15.18+1.58 13.64+1.18 15.11+1.44
Middlewood 15.32+1.10 14.31+1.64° 12.51+1.16 14.05+1.42
Innerwood 14.52+1.34° 13.76+1.59 10.75+1.1% 13.01+1.99
Pooled Mean  15.45+1.00 14.42+0.72 12.30+1.46 14.06+1.05

Each value is the mean and standard deviationreplicates sampled trees of Teak
Mean of the same age with different superscriptsigaificantly different (p < 0.05)

Fibre Lumen Width

The mean values obtained for fibre lumen width®t2D and 25 year-olflectona grandisvood
were 18.17, 15.60 and 14.17 um respectively (T&)leThe mean values obtained in the
longitudinal positions ranged from 20.41 to 16.87,40 to 13.87 and 15.45 to 12.30 um while
the mean values obtained in the radial positianged from 16.20 to 19.76, 14.44 to 16.70 and
13.01 to 15.11 um for ages 15, 20 and 25 yearTetdona grandisvood respectively (Table 3).
This showed that fibre lumen width decreases wih, avhich may be attributed to the increase
in the length of fibre initial associated with ipassing age of the cambium (Jorgeal, 2000).
The observed differences in lumen width with insieg age of the tree may also be due to
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increase in cell size and physiological developm&nthe wood as the tree grows in girth.
Frmpong-Mensah [23,22] reported positive relatigmdietween variations in lumen width and
age of the cambium. Fibre lumen width increasednfinnerwood to the outerwood at any
particular height (Table 3). Generally, the trerfdvariations in fibre lumen width showed a
decrease from base to top and an increase fromwiond to outerwood.

Analysis of variance carried out at 5% probabildyel showed that, the effects of the different
age classes, sample trees, longitudinal and rpdstions on fibre lumen width were significant
(Table 5).

Cell Wall Thickness

The mean values for cell wall thickness were 5889 and 9.80 um for age 15, 20 and 25 year-
old Tectona grandisvood respectively (Table 4). The mean cell waitkhess obtained in the
longitudinal positions ranged from 6.65 to 4.9419to 6.63 and 11.46 to 8.53 um while in the
radial positions, the mean values obtained rangem £.08 to 6.70, 6.80 to 8.89 and 8.87 to
10.78 um for ages 15, 20 and 25-year Dédtona grandisvood respectively (Table 4). This
showed that cell wall thickness increases with dgealso increases from innerwood to
outerwood and decreases from the base to the tipg8).

Analysis of variance used to test for significaiffeslences among the different age classes,
sample trees, longitudinal and radial positions@aesented (Table 5). The results showed that,
the effects of the different age classes, sampieelst longitudinal and radial positions from
where the samples were collected contributed sagmifly (p < 0.05) to variations in cell wall
thickness.

Table 4.40: Mean Cell Wall Thickness (um) ofrectona grandis in Relation to Age, Heights
and Positions in the Tree

Sampling Height (%)
Age Radial Base (10%) Middle (50%) Top (90%) Pooled Mean
(Years) Position Mean+SD Mean+SD Mean+SD Mean+SD
15 Outerwood 7.52+0.98 6.73+0.63 5.84+0.81 6.70+0.84
Middlewood 6.68+1.18 5.92+0.84 4.86+0.53 5.82+0.91
Innerwood 5.75+0.62 5.27+0.66¢ 4.21+0.65 5.08+0.79
Pooled mean 6.65+0.89 5.97+0.73 4.97+0.82 5.86+0.85
20 Outerwood 10.62+1.04 8.66+0.98 7.40+0.98 8.89+1.63
Middlewood 9.37+1.24 7.85+0.78 6.73+0.45 7.98+1.33
Innerwood 8.23+0.78 6.40+0.65 5.76+0.44 6.80+1.28
Pooled mean 9.41+41.20 7.64+1.15 6.63+0.82 7.89+1.05
25 Outerwood 12.57+0.84 10.23+1.1% 9.55+0.80 10.78+1.58
Middlewood 11.33+0.78 9.39+0.84 8.48+0.79 9.73+1.46
Innerwood 10.47+1.2% 8.58+0.77 7.56+0.84 8.87+1.48
Pooled mean 11.46%1.06 9.40+0.83 8.53+1.00 9.80+0.96

Each value is the mean and standard deviationreplicates of sampled trees of Teak
Means of the same age with different superscriptsignificantly different (p < 0.05)

The variations in cell wall thickness among agess#s and within tree positions observed in this
study are similar to those reported in literatu2d,[22]. The increase in cell wall thickness
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among the study samples could be attributed taritreasing age of the cambium as the tree
grows in girth [23, 22]. The authors reported digant correlations with cell wall thickness and
cambial age. Akachuku [25] also attributed the éase in cell wall thickness d@émelina
arborea to changes in cell size that are associatedamitival and periodic growth cycles and the
increasing age of the cambium. Age, longitudinal eadial positions contributed significantly to
variations in cell wall thickness among the studmples.

Table 5: Analysis of Variance for Anatomical charateristics of Tectona grandis wood

Source of variation df Fibre Fibre Lumen Cell Wall
Length Diameter  Width Thickness
(mm) (nm) (km) (Hm)
Age 2 763.60* 255.59* 427.00* 101.46*
Height 2 214.88* 169.52* 325.09* 26.40*
Radial Position 2 148.83* 128.97* 189.62* 27.66*
Age*Height 4 2.1% 2.04¢ 4.36* 1.65
Age*Radial Position 4 14.55* 2.X3 5.55* 1.27
Radial Position*Height 4 1.89 0.73¢ 0.88° 0.80
Age*Radial Position*Height 8 0.43 0.46° 1.56° 1.16
Error 648
Total 674

*significant at (p < 0.05) probability level; ns mot significant at (p < 0.05) probability level
CONCLUSION

The differences in anatomical characteristics gfilength, fibre diameter, fibre lumen width and
fibre wall thickness of 15, 20 and 25-year-dkectona grandisvood were discovered significant
(p < 0.05). There were also significant differenggthin and between trees of the same and
different age classes. Anatomical characteristich sas fibre length, fibre diameter, cell wall
thickness increases with age, however fibre lumedthwdecreases with age. Generally
anatomical characteristics decrease from baseptartd increased from innerwood to outerwood
from where the wood samples were collected. Theceffof age, samples trees, longitudinal and
radial positions contributed significantly to vars in anatomical characteristics Déctona
grandiswood.
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