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Abstract. Investigations were carried out on the effect of growth ring width, fiber morphometrics, and
wood type on the compressive strength of three members of the Moraceae family namely: Milicia excelsa,
Treculia africana, and Antiaris toxicaria. Fiber diameter (D), fiber length (L), fiber lumen diameter (/), cell
wall thickness (c), derived fiber values, and growth ring width were measured and correlated with com-
pressive strength. Results obtained revealed significant relationships: negative between growth ring width
and compression strength and positive between wood type and compression strength at p = 0.05 and p <
0.01 levels. A. Toxicaria had the highest compression strength which differed significantly (p = 0.05) when
compared with 7. africana and M. excelsa. On the other hand, 7. africana was observed to have the smallest
growth ring width and shorter fibers. It is evident from the results that species with narrower growth ring
widths have higher compression strength, although some factors other than this, which may depend on the
wood type, could equally influence the compression strength positively.
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INTRODUCTION

Wood has evolved over a period of millions of
years to meet the mechanical and physiological
needs of the tree. Doubtless, wood has been the
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Compression strength, coefficient of flexibility, Runkel ratio, slenderness ratio, morpho-

most remarkable structural material on earth
throughout history and has maintained the first
position as the most important renewable natural
resource available to man (Redhead 1971). The
unique physical characteristics and engineering
properties associated with timber (wood) have
made it a constructional material of diverse
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applications. Evolutionary wise, trees have
attained great diversity: it is estimated that there
are about 20,000 forms of trees that potentially
yield various grades of timber (Evert 2006).
Although those of commercial importance are
few, they however, exhibit a range of anatomical,
chemical, mechanical, and physical properties
that make them useful for a specific purpose (Ali
2011).

Growth ring is a layer of wood formed in a tree
during a single period of growth. Growth rings
are visible as concentric circles of varying width
when trees are cut transversely (Hoadley 2000).
They represent layers of cells produced by the
vascular cambium. Most growth rings reflect a
full year’s growth and are called annual rings, but
abrupt changes in the environment, especially in
the availability of water, can cause a plant to
produce more than one growth ring in a year
(Cutler et al 2007). Annual ring is also another
name for growth ring when its formation is in line
with seasons of the year. The earliest rings are
proximal to the center of the stem, although the
most recent is distal to the center and adjacent to
the vascular cambium. The rings are evident
because of the periodic (commonly seasonal)
activity of the cambium and a more or less sharp
boundary between wood produced during slow-
ing down of cambial activity (latewood) and that
deposited after cambial reactivation (early wood).
Growth ring latewood lies outside early wood.
The age of the woody stem could be determined
by counting the growth rings. The cells of the
early wood (also called springwood) are gener-
ally larger in diameter, but thinner in wall sub-
stance than those of latewood (summer wood).
The width of the growth ring and the relative
amount of early and latewood are largely de-
pendent on the prevailing environmental con-
ditions during their formation. Adverse growth
conditions tend to decrease ring width primarily
because of the decrease in early wood formation
(Briffa and White 2008).

The cambial activity is influenced by some fac-
tors which could be internal or external (Barnet
1981). These internal and external factors are
intertwined in their nature. Some of the external
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factors include temperature, photoperiod, mois-
ture availability, etc. These factors influence the
state of activity of the terminal and branch buds of
the shoot. These external factors are not constant.
Under favorable conditions, they cause the buds
to open or flush, whereas under unfavorable con-
ditions, they cause the buds to close or become
dormant (Roberts 1982). Also, under favorable
conditions, the buds of the shoots open, resulting
in the growth of the apical meristems. This
triggers off the synthesis of auxin and other
growth regulators. Auxins produced at the shoot
migrate downward, and on reaching the dormant
cambium, activates it to start dividing. This
alternation of favorable and unfavorable condi-
tions brings about periodicity in the cambial
activity. This is often reflected in the number
of growth layers or rings of the wood (Amobi
1973). The internal factors that influence the
cambial activity are the plant hormones. Accord-
ing to Roberts (1982), there are five “classical”
groups of plant hormones. These include auxins,
cytokinins, gibberellins, abscisic acid, and eth-
ylene. The ideas about their functions have
evolved from numerous experiments in which
applications of the hormones have been shown
to affect cell division in the vascular cambium,
cell expansion, and control of differentiation
into different types of cambial derivatives
(Mellerowiez et al 2001). In the present work,
an attempt has been made to show the effect of
growth ring width and fiber morphometrics on
the compression strength of three tropical hard-
wood species (Milicia excelsa, Treculia afri-
cana, and Antiaris toxicaria).

MATERIALS AND METHODS

Three timber species selected were M. excelsa
(Welw.) CIl Berg., a well-known strong com-
mercial timber, A. toxicaria Lesch., a nondurable
species whose major application is in making
formers for concrete casting in building con-
structions, and T. africana Decne., a large tree
with furrowed trunk, planted mainly for its fruit
but found its way into the Nigerian timber in-
dustry because of over logging and high prize of
the popular timbers.
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The wood samples of M. excelsa, T. africana, and
A. toxicaria were supplied by the Forestry De-
partment of Enugu, Nigeria. Preliminary identi-
fication of the samples was made following the
guidelines of Titmuss and Richards (1971), Anon
(1974), Jane (1962), Desch and Dinwoodie
(1981), and Keay et al (1964). A confirmatory
identification of the samples was made through
the microscopic studies of their sections. The
features observed were compared with those
given by Titmuss and Richards (1971) and Desch
and Dinwoodie (1981). Ajuziogu et al (2012)
separated 17 hardwood timber species using
wood microstructure.

Wood maceration was performed using 5%
KCIOj3 solution in concentrated nitric acid as
described by Jane (1962). In this method, chips
of wood about the size of half a matchstick from
each of the test samples were placed differently
in long test tubes labeled with the names of the
various test samples. Two specimens of each
sample were used and placed in separate test
tubes. The test tubes were secured in test tube
racks. Two grams of 5% KCIOj crystals were
added to each of the test tubes. This was fol-
lowed by addition of 10 ml of concentrated
nitric acid (conc. HNQO3), with the test tubes
held in a slanting position. The setup was
allowed to react in a fume cupboard until the
chips were softened and bleached. KCIOs;,
being a strong oxidizing agent, causes an in-
stant reaction with the nitric acid to effect
maceration.

After maceration, excess solutions were dec-
anted from the test tubes, and the soft and
bleached chips were washed several times in
distilled water to wash off the corrosive sub-
stances. The softened chips were then separately
transferred into well-labeled specimen bottles—
two bottles (A and B) for each sample. Two
drops of phenol and glycerin were added into the
bottles. The phenol protects the fibers from
fungal decay, whereas the glycerin removes air
bubbles from the bottles. The chips in the bottles
were shaken with glass beads. This helps the
fibers to tease out and fall apart. The fibers were
then stained with brilliant crystal blue and
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safranin in bottles A and B, respectively, for
each of the wood samples. The stained fibers and
vessels were mounted on slides in 30% glycerin
and covered with cover slips. This was examined
microscopically using the ordinary light mi-
croscope. The fiber dimensions were measured
using a Kyowa (Tokyo, Japan) monocular mi-
croscope to which an ocular micrometer was
fitted. The ocular micrometer was calibrated
using a stage micrometer of 2 mm range. Fifteen
specimens were measured for each of the three
timber species. The dimensions measured were
as follows:

1. Fiber length (L)

2. Fiber diameter (D)

3. Fiber lumen diameter (/)

4. Fiber cell wall thickness (C)

From the dimensions observed, derived values
were calculated using various formulas as
follows:

1. Runkel ratio (RR)=2C/I
2. Coefficient of flexibility (CF)=1/D
3. Slenderness ratio (SR)=L/D

The various fiber morphometrics, the derived
values, and growth ring widths of the timber
species were analyzed and then compared with
their compression strengths. The aim was to
determine the effects of these parameters on the
compression strengths of the plant species.

The compression strength test was based on
the British Standard BS 373 (1957), which is
currently used in most international timber
research centers. The samples were cut using a
BOSCH JIGSAW machine (model GST 85
PBE 580W, Germany). Fifteen small speci-
mens were cut to the dimension 60 x 20 X
20 mm from the heartwood portion of each of
the three timber species. The test samples were
brought to a constant weight by storing them
under controlled temperature and humidity
conditions of 23°C and 66% RH, respectively.
The samples were tested to know the maxi-
mum compressive strength (in N/mm?) using a
Hounsfield tensometer. These were indicated
by the tensometer when the mercury meniscus
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Table 1.  Analysis of variance mean squares of compression
strengths, fiber morphometrics, and growth ring width.
Traits Mean square F
CS (N/mm?) 394.23 35.67%
GRW (mm) 0.04 4.46°
L (mm) 0.00 4.38°
D (mm) 0.01 1.51°¢
! (mm) 0.00 6.44N8
C (mm) 0.40 6.06°
RR 327,208.74 1.00NS
SR 77.91 3.47°
CF 0.06 123.89N8

NS, not significant; CS, compression strength; GRW, growth ring width; L,
fiber length; D, fiber diameter; /, fiber lumen diameter; C, fiber cell wall
thickness; RR, fiber Runkel ratio; SR, fiber slenderness ratio; CF, fiber co-
efficient of flexibility.

* Mean square significant at p < 0.001.

® Mean square significant at p < 0.01.

¢ Mean square significant at the 0.05 level.

drops sharply to deviate from the initial con-
stant rising under continuous loading condi-
tion. Fifteen growth ring width measurements
were made using a pair of dividers and a meter
rule.

The data generated were subjected to a one-way
analysis of variance (ANOVA) using IBM
Statistical Package for Social Sciences (SPSS
version 23, Armonk, NY) to test for significant
difference between plant species. Significant
means (p < 0.05) were then separated using the
Duncan’s new multiple range test. Correlation
analysis was also carried out between the
compression strength, growth ring width, plant
species, and fiber morphometrics.
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RESULTS

The result as presented in Table 1 shows that
significant difference exists in compression
strength, growth ring, fiber length, diameter, and
slenderness ratio (SR) of the three wood species
used at varied probability levels. The relation-
ships between the growth ring width, fiber
morphometrics (dimensions), and compression
strengths of the wood species are shown in the
correlation matrix in Table 2.

Graphical comparisons in Figs 1-3 show great
variability in compression strengths, growth ring
widths, and fiber lengths in the wood of the three
species, respectively. Also, Fig 4 shows the
photograph of a wood with a visible growth ring
marks. Table 2 shows the mean values of fiber
morphometrics. Figure 5 shows a scatter diagram
giving the line of best fit in comparing com-
pression strength with growth ring width.

A highly significant negative correlation exists be-
tween compression strengths and growth ring widths
of the tree species. Although negative correlations
exist between compression strength and the fiber
morphometrics: fiber length, fiber diameter, and
coefficient of flexibility, these relationships were not
significant. Also, nonsignificant positive correlations
exist between compression strengths, cell wall
thickness, and slendemness ratio.

A significant positive correlation exists between
the fiber lumen diameter and growth ring width,

Table 2. Correlation matrix showing the relationship between growth ring width, compression strengths, and fiber

morphometrics.
cs L D ! c RR CF SR GR WT
CS 1
L —0.129 1
D —0.029 0.188 1
L —0.138 0.236 0.131 1
C 0.162 0.037 0.011 0.005 1
RR 0.135 —0.160 —0.017 —0.232 0.161 1
CF —0.026 0.051 —0.255 0.191 —0.205 —0.492% 1
SR 0.073 0.434% -0.619* —0.204 —0.044 0.076 0.065 1
GR —0.664* 0.281 —0.102 0.3417 —0.136 —0.347° 0.231 0.108 1
WT 0.505% —0.064 —0.394* —0.145 —0.247 —0.113 0.308° 0.287 —0.267 1

CS, compression strength; L, fiber length; D, fiber diameter; /, fiber lumen diameter; C, fiber cell wall thickness; RR, fiber Runkel ratio; SR, fiber slenderness ratio;

CF, fiber coefficient of flexibility; GR, growth ring width; WT, wood type.
 Correlation is significant at the 0.01 level (2-tailed).
® Correlation is significant at the 0.05 level (2-tailed).
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Figure 1. Variability in compression strengths among the plant species studied. Means with different alphabet represent
significant differences (p = 0.05) using Duncan’s new multiple range test.

although the relationship between the Runkel ratio
(RR) and growth ring width was negatively sig-
nificant. Positive correlations exist between growth
ring width and fiber length, coefficient of flexibility
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and slenderness ratio, but these relationships were
not significant. In the same vein, nonsignificant
correlations exist between growth ring width, fiber
diameter, and fiber cell wall thickness (Table 2).

Species Mean GRW (mm)
T.africana 9.400+0.4122
A.toxicaria 2.533+0.470¢
M. excels 4.567£0.311°

---4--- T.africana
—— A.toxicaria

e ML excels

10 11 12 13 14 15

Figure 2. Variability in growth ring width among the plant species studied. Means with different alphabet represent
significant differences (p = 0.05) using Duncan’s new multiple range test.
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Figure 3. Variability in fiber lengths among the plant species studied. Means with different alphabet represent significant
differences (p = 0.05) using Duncan’s new multiple range test.

A. toxicaria had significantly (p < 0.05) the

0.024 to 0.043 mm across the three species, with 7.
highest compression strength as compared with 7.

africana having the widest fiber. The range of

africana and M. excels (Fig 1). On the other hand,
A. toxicaria was observed to have smaller growth
ring (Fig 2) and shorter fibers (Fig 3). In com-
parison, T. africana that had significantly the lon-
gest fiber and widest growth ring tend to possess
lower compression strength. They ranged from

Figure 4. Transverse section showing growth ring marks.

0.359-0.675, 14.220-18.557, and 0.503-0.699 were
recorded for Runkel ratio, coefficient of flexibility
and slenderness ratio, respectively (Table 3).

Q
<]

Compression strength (N/mm?)

© R¥=0.44

0 2 a 6 8 10 12

Grawth Ring {mm]

Figure 5. Scatter diagram showing the line of best fit for
compression force against growth ring width.
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Table 3. Mean values of the parameters measured.
Species Treculia africana Antiaris toxicaria Milicia excelsa

D (mm) 0.043 + 0.008* 0.028 + 0.001° 0.024 + 0.001°
[ (mm) 0.017 4+ 0.002* 0.020 £ 0.001* 0.015 4+ 0.001*
C (mm) 0.007 + 0.002* 0.003 + 0.000° 0.004 + 0.000°
RR 0.675 + 0.099* 0.359 + 0.025" 0.597 + 0.054*
SR 14.220 + 1.441° 18.557 + 0.990* 17.695 + 1.192%
CF 0.503 + 0.060* 0.699 + 0.011* 0.625 + 0.022*

Means with different alphabet on each horizontal array represent significant differences (p = 0.05) using Duncan’ s new multiple range test (DNMRT). D, fiber
diameter; /, fiber lumen diameter; C, fiber cell wall thickness; RR, fiber Runkel ratio; SR, fiber slenderness ratio; CF, fiber coefficient of flexibility.

DISCUSSION

In the present work, the anatomical characteristics
of the species showed variations in fiber length;
fiber diameter; fiber lumen diameter; fiber cell
wall thickness; and in the derived fiber values,
such as RR, SR, and CF. Variations occurred also
among the species in their compression strength.
This conforms to the report of Wilson and White
(1986), who informed that no two pieces of wood,
even if cut from the same tree, are exactly alike.

The correlation analysis showed that the wider
the growth ring width, the lower the compression
strength. According to Esau (1965) and Plomion
et al (2000), the activities of the vascular cam-
bium is more vigorous during the favorable
seasons, spring and summer, resulting in xylem
with wider radial cell diameter with a corre-
sponding thin wall. These cells are shorter in
length and low in density. These contrast with the
xylem cells of the late summer and autumn wood,
whose cells have a narrower diameter, thicker
wall, and higher density. In Nigeria, where these
species grow, there are no well spelt seasons of
the year. According to Amobi (1973), this is
responsible for the great variability in the size and
nature of the growth rings. A. foxicaria with the
lowest mean growth ring width of 2.533 +
0.470 mm had correspondingly the highest
compression strength of 52.86 + 0.87 N/mm?. T.
africana with the highest mean growth ring width
of 9.400 £ 0.412 mm gave the lowest com-
pression strength of 42.75 + 0.48 N/mm?.

Datta and Basu (1983) reported that fiber wall
volume and mean thickness of the individual fiber
wall had a rough relation to strength. Some
factors such as temperature and photoperiods

affect the activities of the vascular cambium.
These factors again are well defined in the
temperate region but not so in the tropics (Amobi
1973; Uggla et al 2001). This contributes im-
mensely to the great variability in the nature and
size of growth rings in the species studied.

In conclusion, the size of the growth ring width
seems inversely proportional to the compression
strengths for these tree species. Although the fiber
morphometrics showed some relationships with
compression strength, these were not significant.
T. africana and M. excelsa, with relatively wide
growth ring widths, had low compression
strengths; therefore, they should be avoided in
construction works, where they will be exposed
to high compression loads.
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