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Abstract 
A study was carried out b investigate wood properties of Termfnalia mantaly (H. pertier), one of the 
munidpal bee spedes in Unhrerslty of Ibadan, Ibadan. Materials for the study were obtained from four d 
the urban trees In the Universii campus. Test samples were mlleckd at four dWerent levels along the 
helght and dial positions with the test spedmen prepared in aocordance with thndard test procedures. 
Prepared samples were s u b j d  to some physical and mechanfcal property tests. The selected physical 
properties were Moisture Content (MC), Spedfic Gravity (SG) and Volumetric Shrinkage (VS). The me- 
chanical properties (Modulus of Rupture, MOR; Modulus of Elasticity, MOE and Impact mdlng, 13) were 
determind in aardance with the Brltish Sbndard BS373 (1989), Data generated were subjected to 
statistical analysis. The overall mean SG, MC and VS for the ~pedes were 0.797,39.82% and 46.R%, 
respectively while the mean MOR, MOE and IMB WEE 62.94N/mm2,5056M/mm2 and 404.81, w w l y ,  
It was wident that variations exist In lmth the radial directions and sampllng heights for all the selected 
trees. Findings revealed that Terminalla mantaly is a strong wood with gaud qualky, making It a potential 
material for load bearing and other oonshcblon WIG. 
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The special interest by wood science 
researchers for inceased utilization of urban 
wood for stnrchral applications are a key 
step towards the conservation and better 
management of our fast disappearing lean 
natural foresb, Comprehensive knowledge 
and understanding of the qualities or 
properties of wood from municipal bees are 
the necessary ingredients required for 
harnessing the utlliratlon potentials of this 
category of wood. This category of wood 
can be utilized with Intelligence if we 
understand the properties (Bratkovich 200 1). 
Wood resource managers and foresters, 
who wish to maximize forest produce, need 
to understand not only the principles of tree 
growth but also the phflcal and mechanical 
propemes of the wood in order to determine 
the quality of such wood and its utility. 

Although there are catalogues of 
reasons against the utilization of urban wood 

one of which is the fact that urban trees 
have shorter trunks and more branches than 
trees in the natural stands or plantation due 
to low competition among the growing stock. 
There is also the possibility of imbedded 
foreign materials (I1 ke metals, concrete, 
cables etc.) in the wood of such trees(Steve 
et a/,,2008; Omole, 2008), however, urban 
trees represent a major source of of timber 
for construction and other purpose espedally 
in the developed'Countries. 

The University of Ibadan in Nigeria is 
specially endowed with a lot of diversities in 
terms of trees that can be found all over its 
landscape.. Apart from known native timber 
species that dotted the campus, there are 
some ornamental trees, which have also 
grown to timber size with good form. One of 
such trees Is Tminalia man&II(Madagascar 
almond). As an exotic tree species, Eminalia 
manta& serves as shade and avenue tre 
in many parts of the University landscape. 
This study was initiated to investigate the 
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quality of the woad of this species in terms randomly selected from the lots per each 
of physical and mechanical properties. Several sampting height to give a total of 40 test 
works have been done on variation in w a d  samples per tree and 160 samples for the 
properties along and across the bob of some study. The samples collected were oven-dried 
tropical trees species (Akachukwu, 1980; to a constant weight (Wo). The oven-dried 
PansHn and Dezeeuw, 1980; Onilude, 1987; samples were then coated with paraffin wax 
Bada, 1990; Ogunsanwo, 2000). The against water absorption, Each test sample 
knowledge of variauon In the properties of was later immersed in Eureka can filled with 
Termnalia manta&& grown as urban tree water whllc the displacd water (Ww) was 
in this study Is aimed at  providing relable measured, SpedfIc gravity was detennlned 
baseline data for asesing the utilization of in accordance wfth the model used by Panshin 
the species by wood pmes5Ing industries and Dezeeuw (1980) for density gradient 
and other users when mpped as the need across the bole using the relation 
arises. 

Materials and Methods 
where, Wb = owndrr'ed weight afsa@e, 

Four maturer trees of Termlnalia and W = dispiaced water 
mantaly (aged 20 years) with an average 
height of about1 0 meters were felled from a 
live fence at the U n I v d t y  of Ibadan, Nigeria. 
The University is sltuated at Iatkude 7O26'N 
and longitude 334T in Ibadan, Nigeria. The 
felled trees were crossart into billets and four 
(4) billets of 50 cm were removed from each 
tree, representing the different height levels 
at whkh the experimental samples were 

Ten test specimens, each of 20 x 20 
x 20mm, wen removed from the specimen 
prepared for the physical property tests. The 
specimens were soaked In water for 48hrs 
to get them saturated and later oven dried. 
The percentage shrinkage along the two 
planes was determined in accordance with 
the method used by Dinwdie  (1989): 

collected. Test samples of different s=- e- DO ........................... 
hp 

x 100 
dimensions were then prepared from each 

(2 )  

billet in accordance with the properties tested. 

The &st sample sire of 20 x 20 x 20 
mm was prepared for physlcal pmperb'es and 
20 x 20 x 300mm for mechanical properties 
in accordance with BS 373 (1989). For each 
of the tests, ten (10) specimens per sampling 
position (axial and radial) were taken from 
the fob produced from each blllet so as to 

witwe/ 5 = Shrinkage % ,Ds = Dhmembn 
at stunt& condltfon , Do = D'rne~~~ion of 
oven dv co&ifion, 

Ten test samples of 20 x20 x3OQmm 
were prepared from each height level per 
tree. The impact bending was determined in 
accordance hith BS 373 (BS 1989). Ten test 
specimens of the dlmendon of 20 x20 

have a good representation and remove &is. x300mm per radius per height were prepared 
The parameters tested were: moisture for the static bending on a Hounsfield 
response and specific gravity. Tensometer in accordance with BS 373 (BS 

1989). The results obtained were then used 
For the determination Of 'peciflc to compute the Modulus of Rupture and 

graviU lo test samples Of 20 20 20 Modulus of Elasticity of the test specimens. 
rnm dimension, produced from billets were 
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The Modulus of Rupture was catculated using 
WL the equation: MOR = ,, 

&ern, P =Mm/mum bad (IV), L = 
wn in entlmefq B = Brea& lit 
cenffmekr , H = &pH /n cenb'm&r 

while, tk Modulus of Basticity was detmnhed 
by: 

pill MOE = 

Were, P,= Load(,),& = Deffectrbn of 
midjmint comsponding to He /&pi. ,L 
= Sjpan in mm, 8 = Breab? In mm, H 
= Dqo& in mm 

Data analysis 

The data generated were subjected 
to statistical Analysis of Variance (ANOVA), 
This was conducted to deterrnlne the 
statistical significance of various sources of 
variation in assessed wood properbIes. The 
main effects considered were differences 

- along sampling heights (4feyel3j and a m  
the radial positions (4zm@. Follow-up tests 
were conducted using Fischer's Least 
Significant Difference (ED) to know the 
differences between the means. 

Results and Discussion 

Specific gravity 

The pooled mean of Specific Gravity 
(SG) as shown in Table I ranged from 0.76 
t~ 0.84 across the vertical and radial positloris 
with the overall mean of 0.80. For sampling 
heighc the results show a decrease in mean 
from butt to top. The trend of values 
recorded for the SG followed the same trend 
with the previous Studies of Panshin and 

positions had signifiant influence on the SG 
of wood. Panshin and Dezeenw, (1980); 
Dinwoodie (1981) as well as Desch, (1980), 
explainkd that SG of wood Is a function of 
the cell wall thick- and also depends on 
the level of cell wall development. This can 
be taken to be valid as the wood towards 
the upper region of the trees are usually 
newer and $till under the influence of the 
rneristematrc &Is unlike those close to the 
butt that are more mature. 

Moisturn content 

Moisture Content (MC) ranged from 
29.5 to 47.9% for the radial direction and 
sampling height (Table 1). Results also showed 
that there.were decreases in MC from butt 
to tnp. The variadons observed In the MC at 
the different hdght ievels were supposed to 
be manifested in the strength properties of 
the wood. ANOVA results on Table 4 reveal 
that sampling posftions exhibited signifiwnt 
influence on the amount of moisture in the 
green wood of the studied species. 

Shrinkage characteristics 

The pooled mean percentage 
volumetric shrinkage ranged from 44.67 - 
48.58% across the sampling positions, with 
'overall mean ,of 46.52%. The result obtained 
at sampling heights showed a decrease from 
butt to top. The values recorded for 
percenhge shrinkage In relation to samp!Ing 
height can be said to tx In order as it followed 
the same trend with the previous work of 
Ogunsanwo (2000) and Ojelade (2009). The 
Analysis of Varianm conducted Indicated that 
the effects of the sampling positions were 
stat idaly significant at 5% level probability. 

Dezeeuw, (1980) and Bada (1990), who 
repotted decreasing SG From base to top in 
a non-uniform pattern. ANOVA resulk in The results of the impact bending test 
Table 3 revealed that the radlal and height showed decreases from butt to top. The 
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overall mean values of the Impact bending 
strength as presented in Table 2 ranged from 
370.20 to 459.10. The anatomical effects 
of cell length, mim-fibril angle, ring width as 
well as early wood: latewood ratio could 
account for the differences (Eaton and Hale, 
1993). Dinwoodie (2000) also noted that 
knots can also contribute considerably to a 
reduction in strength dependent on their size, 
number and distrfbution In relation to beam 
edges and clustering as the top region 

contains more knots than the butt region. All 
these could be responsible for the results 
obtained in the present study. The variation 
in me eength properks at different height 
levels observed in this study is in consonance 
with the research of Shukfa et a/. (1989). 
Analysis of W a n =  in Table 6 shows that 
both .the parameter and the interaction 
between them significantly affected the 
impact bending strength. This indicates that 
the strengm properties decreased from butt 
to the top of the tree. 

Table 1:PooIed mean values far the selected physical properkis of the wood of Terminalia mantab. 
Tree No Physical Properties Tested 

Specific Gravity M oistu re C ont ent % Percentage Shrinkage 
Mean SD Number Mean S D  Number Mean SD Number 

1 0.78 64.4 40 29.54 9.09 40 44.92 5.09 40 
2 0.81 74.8 40 45.91 15.34 40 48.59 2.99 40 
3 0.84 85.95 .40 47.88 13.06 40 47.88 3.30 40 
4 0.76 9127 40 35.95 16.00 40 44.68 4.65 40 
Overall 0.80 85.43 40 39.83 15.45 40 46.52 4.42 40 
Mean 

Table 2: PooIed mean values fw the selected mechanical properties of the wood of Terminalia mama 
Tree No MechaniedPropertisTested 

Modul u~ of rupture Modulys of elasticity Impact bending (Nmm4) 
( mmm-'1 (Nm-4 
Mean SD Number Mean SD No Mean SD Numbet 

1 69.61 16.25 40 5818.14 2403.34 40 325.32 126.83 40 
2 54.56 17.80 40 4490.42 1839.88 40 41 5.93 93.40 40 
3 67,67 14.60 40 5416.75 1569.10 40 440.06 78,53 40 
4 59.91 24.52 40 4535.07. 1642,03 40 438.15 178.10 40 
Overall 62.94 17.47 40 5065.10 1959.56 40 404.81 132.66 40 
Mean 
Note: SD = Standard deviation, and N o  = number of samples per sampling positions' 

Table 3 : ANOVA for comparing spaific gravity at radial positions and sampling heights 
Source Variation Degree of freedom Sum of Squares Mean Square 
RP 3 167526.367 55842.1 U* 
Sh 3 13 1565.430 43 85 5.143 * 
Rp* Sh 9 226727.53 9 25 19 1.949* 
E ;ro r 144 834703.12 5 4407.66 I 
Total ' 159 11 60522.461 
Rp = radial position, Sh = sampling height, * = signijcant at 5% level 

Table4: ANOVA-far comparing moisture content at the radial positions and sampIinx heinhts. 
Source Variation Degree of freedom Sum of Squars Mean Square 

Error 144 18744.585 130.171 
Total 159 37952.4% 

Rp = radial position, Sh = saniplirrg height, * = significant at 5% level 
85 
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Table 5 :  ANOVA for compariag the effect of sampl ing position on volumetric shrinkage 
Source Variation D e m  of freedom Sum of Squares Mean Square 

RP 3 ,483,266 161.089* 
sh 3 - 
Rp*Sh 9 
Error 144 
Total 15 9 31 10.694 
Rp = radial position, Sh = sampling height, *= significant at 5% 1 eve/ 

Table 6: ANOVA for comparing the effect of sarnpl inn positions on IB 
Source Variation Degree of fieedorn Sum of Squares Mean Square 
RP 3 353 1 12.197 117704.066* * 

Sh 3 174080.297 58026.766* 
Rp*Sh 9 1 1 303 36.449 I25592.939* 
Error 144 I140771 9 12 7922.02 7 
To~a 1 159 2798300.855 
Rp = radialposition, Sh =sampling height, *= sig~tlficanr at5% level 

Modulus of Rupture (MQR) 
The mean values o f  MOR ranged 

from 55,40 to 75,23 Nmm-2. The decrease 
of MOR from butt to top as observed in this 
study is in consonance with the works of 
ShuWa et a/. (1989) who equally observed 
that as sampling pusition of tree moves from 
butt to top, the .MOR decreases. Moreover, 
the fibre morphological characteristics as well 
as defects such as knots found in the upper 
region of a tree would determine its bending 
properties. The ANOVA results as presented 
in Table 7, revealed significant relatfonship 
between the parameters and the property 
tested. 

MOE also showed similar trend as 
those of 10 and MOR, with the! mean values 
decreasing from butt to top. The mean 
values of the modulus of etasticity ranged 
between 4490 and 5818~mm-~ ,  with the 
overall mean of  5065.09Nmm-2.The 
explanation for the observed trend is as given 
for I6 and MOR. me reduction in MOE at 
the top, which is in the crown region, is due 
to the presence of knots, which in general, 
have a greater effect on strength (Shuklaet 

a/., 1989; Shupeet a/., 1997). The decrease 
in wood quality of crown region can be 
attributed to the influence of the growth 
promotion hormones of the meristematic cells 
at the apical region of the tree. ANOVA 
showed significant relationships between 
sampling positions and MOE. 

Further tests using LSD for all the 
significant relationship as revealed in tables 9 
and 10 indicated that mean values wood at 
both the radial direction and sampling height 
were significantly different in terms of specific 
gravlty, moisture content and volumetric 
shrinkage. This trend was also observed for 
impact bending and static bending (MOR and 
MOE). 

It is obvious from the results obtained 
from this study and those of previous work 
done on other wood species that TemInaIia 
manta/yr though a fast growing tree, has 
good strength properties required by wood 
industry for furniture making, sheeting and 
lining, heavy and light construction, industrial 
flooring and handle of tools due to high density 
of the wood. 
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Table7: ANOVAfor comparing the effect of sampIinp, positions on MOR 
Soum Variation hgree of freedom Sum of Squam Mem Square 
RP 3 5849: I I o 1949.7oP 
Sh 3 34@,64 1 3 165.547* 
Rp+Sb 9 19902657 221 1.406* 
Ermr 144 25006.092 173.653 
Total IS9 3 1 10.W 
Rp = radial position, Sh = sampling height, *= signiJmnt at 3% level 

Table 8 : ANOV A for comparing rht effect of sampling positions on MOE. 
Source Variation Degree of fieedm Sum ofsquarcs Mean Square 
RP 3 5207M84.083 17358828.028* 
Sh 
RpS& ' 
Error 
Total 
Rp = radial position, Sh = sampling height, *= sign @can f at 5% level 

Table9: LS) follow-y> test for Specific Gravity, bkisture Coment and shrinkage 
Specific Gravity lM. 4 Moisture Conlent (M. 6) Pmcentage Shrinkage (M. d) 
b Sh SE RP Sh SE Rp Sh SE 

Tree1 Tree2 -31.88' 68.76' 14.85 -1636' 7.02- 2551 -4.28' ' -781 .n6 
Tree3 65.00' 70.00' 14.85 -1834' 12.25' 2551 .229 .776 
Tm4 2031 35-94. 14-85 '6.41' 10.80' ,2551 -.37 2,232m ,776 

T r d  Tree1 3188' 48.75' 14.85 1636' -7.02' 2551 4,28m --782 .776 
T e 3  -33.13' 1.250 14.85 - 1 .  5.22' 2551 -706 -552 ,776 
Tree4 52-19' -32.81' 14.85 9.95' 3.78 2551 3.91' 1.450 ,776 

Tree3 T 6500' -70.00' 14.B 1834' -12.25' 2551 3.57* -229 .776 
Tm2 33.13* -1.25 14,# I377 -5.22' 2551 -.,% .552 .7?6 
Tm4 8531' 34.06' 14.85 11.93' -1.45 2551 3.21* 2002* .776 

Tree4 TmI -20.31 -35.94' 14.85 6.41' -lO.SO* 2551 m3n -223 1- .776 
Tm2 -52.19" 32.81' 14.85 -9.95' -3.79 . 2,551 -3.91. -I.450 .n6 
T-3 -85.31' 34.M' 14.85 -11.93' 1.45 2551 -3.21' -2.00' .776 

Md = mean differelace, 
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Table I Q: LSD fillow-uptesr fbk Impact hiding, MOR and MOE 
Itnm b d m g  (M. d) MOR (M. d) MOE(M dl - 
RD Sh SE Rn Sh SE Ro Sh S E  

Treel Tree2 - 9 O ~ t '  41~60' 19.90 15.05' 6.012' 2947 1327.72' -308.27 402.23 

Tre3 Treel 114.93' -27.31 19-90 I 4-16. 2947 -401.39 -?72.92 402.23 

Tree2 24.13 -8s.~- 19.90 3 -214 2947 92633' 1081.18' a23 

Tm4 1.91 -Z23 19.N 7.76' -19.83' 2947 88 1.68' -537.10 402.23 

Trm4 Treel 113.03' -5.08 19.80 -9.70' 11.67' 2.947 - 1283.07' -235.82 402.23 

Tree2 2222 . -66.68' 19-90 5.34 17.69' 2.947 44.65 -544.09 4M.23 

Tree3 - I  .Xi 22.23 19,W -7.76' 1983' 2947 -881.68' 537.10 402.23 
- -. 

Conclusions 
Within the scope of this study and 

statistical analysis carried out, the following 
conclusions have been drawn: 
1 The specific gravity of the wood 
varied consistently from butt to top and 
signficandy different at A,,,. 
2. The moisture content and 

- percentage shrinkage followed the same 
trend with specific gravity both at the radial 
position and sampling height. 
3. The modulus of rupture and modulus 
of elasticity were significant but varied 
inconsistently From butt to top of the wood. 
4. ' Both the sampling height and radial 
position exhibited significant influence on the 
properties tested. 
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