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ABSTRACT

Melia azedarach L. was introduced into Kurdistan region and planted as an ornamental tree at the nurseries,
parks and streets. This study investigated the quality of wood of 9 year old M. azedarach trees grown in Duhok
province. Samples of wood from five trees were taken at breast height diameter; and their wood quality was
studied in terms of morphological, physical and anatomical properties. Results revealed that the values of
morphological properties were: the Heartwood percentage (69.01%), Sapwood percentage (12.93%), Bark
percentage (8.06%) and Annual Ring Width (7.74mm). While, the values of the physical properties were: specific
gravity (0.42), basic density of wood (0.36g/cm®), annual ring growth width (7.74cm), moisture content (44.46%),
maximum moisture content (208.36%b), volumetric shrinkage (13.18%), volumetric swelling (16.25%0), fiber
saturation point (36.34%0), cell wall (28.05%) and porosity (71.94%). The values of anatomical properties were:
fiber length (0.792 mm), fiber diameter at the mid- point of the fiber (17.75 pm), fiber double cell wall thickness
(9.67 pm), fiber lumen width (8.07um), runkel ratio (1.55), flexibility ratio (47.17), slenderness ratio (47.58),
vessel length (241.57pum), vessel diameter at the mid- point of the vessel (169.09um), and vessel lumen diameter
(158.26pm). All properties showed a significant variation from pith to bark and between the trees. The results
equip a basis for determining management planning opportune to production wood of M. azedarach plantation
trees in Kurdistan region. Also M. azedarach is characterized by low strength resistance and perhaps low pulping
production too, therefore according to its low wood quality for some properties, is not recommended for
structural purposes. While anatomical properties, showed medium values of fiber dimensions which could be
used for production of special type of paper
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INTRODUCTION

Chinaberry tree (Melia azedarach L.) is a fast-
growing, deciduous tree of the Meliaceae
family, native to the Asian Himalayas (59).
This species adapts well to poor soils, warm
climates and seasonally dry status (18), widely
distributed, dries well and easy to process
without cracking or warping (40). A very
important tree for local people, therefore it is
cultivated in wide area for supply the world
demand for wood produces, pulp and paper
production (13) as well as supply a wide range
of medicinal applications and insecticide (8
and 17). It is often planted as an ornamental
and street tree, although it has the
disadvantage of dropping a lot of leaf-litter
(60). M. azedarach wood, of trade, is utilized
to manufacture plywood, furniture, poles,
boxes, tool handles and agricultural
implements (62). Properties of wood vary
from tree to tree, across the height, around the
radius even inside the growth ring, and are
also affected genetically (65 and 51). There are
also variations in all wood properties during
the transformation from sapwood to heartwood
(33 and 52). The proportion of heartwood,
sapwood and bark content at DBH and along
the stem has a major impact on the end utilizer
of the wood products (45 and 39). In addition
the heart wood percentage (HWP) assessment
aims to determine variations in durability and
other wood properties (61, 7, and 55). Wood
specific gravity is a gauge of the mass of solid
cell walls substance a tree species allocates to
strength and mechanical support (20 and 36).
Wood density is a primary wood property and
an indicator of hardness, strength and easy of
drying (44 and 23). Changing in wood
moisture content causes the dimensional
instability, swelling and shrinkage (4 and 63).
The variation in anatomical wood properties
has an impact explicitly or implicitly on the
productive use of wood for various end uses.
Wood fibers and vessels constitute major
elements of wood and are expected to relate
closely with wood properties (16). Density is
influenced by divergences of cell property like
the cell length, cell wall thickness, and cell
diameter (19 and 24). Reforestation projects
need recognize not only the tree growth and
survival, but also the quality and utilization
potential of the promising tree species,
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particularly for rapid growth species, when
picking tree species for planting projects (28).
Since information about wood properties of M.
azedarach cultivated in Kurdistan region it is
rare, consequently, this study was conducted to
determine  the  properties of  wood
(Morphological, Physical and Anatomical
properties), and to evaluate its potential as a
raw material to be used for different purpose,
in different industries.

MATERIALS AND METHODS

Wood Preparation

The trees of Melia azedarach were collected
from the stand of College of Agricultural
Engineering Sciences, University of Duhok
which located in Sumail district. A total of five
trees 9 years old were selected randomly based
on their quality of stem. Before trees felling,
diameter at breast height (DBH) and the height
of trees were estimated (Table 1), Stem cross-
sectional samples (disk of 5 cm thickness) was
taken from each tree at 1.3m above the ground
(DBH).

Morphological Properties

Samples of wood discs were observed with the
aid of a top-lighting microscope; the
heartwood/sapwood boundaries were
determined because of their sharp colour and
length; the digital Verner used to obtain their
length from the total length of the disk without
bark and their proportions were measured as
an equal geometric circle percent by pure
arithmetic calculation. The bark percentage
was calculated as the variations between the
total area of the disk and the area of disk
without bark, while the number of growth
rings was counted from pith to cambium
according to Moya and Munoz (36) that is
indicated in Table 2.

Physical Properties

To study the physical properties, wood disks
were split it into 10 specimens at dimensions
of 20 x 20 x 30 mm, according to ASTM D-
143-94 standards (5). Fifty specimens were
assigned for measured following parameters:
The specific gravity (Sp.gr) and basic density
(Dy) were determined according to the method
described by Haygreen and Bowyer (20), were
determined by using the following equation:
Sp.gr = Mo/Vo. Where the (My) is the oven-
dry weight of the samples and (Vo) is the dry
volume of the samples.
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Dp= Mo / Vy (g /em®). Mg is the oven-dry
weight of the samples (g) and Vg is the green
volume of the samples (cm®). Volumetric
shrinkage, volumetric swelling, Moisture
content and maximum moisture content were
determined according to the method described
by Akyildiz and Kol (2). Volumetric shrinkage
(By) was determined by the Following
equation:

Bv= (Vs — Vo) / Vs (%)

Where V; is saturated volume and V is oven-
dry volume. While, the volumetric swelling
(oy) was determined by the Following
equation:

Oy— (Vs - Vo) / Vo (%) (VS)

is saturated volume and V, is oven-dry
volume.

Moisture content (MC) = (Mg —Mo) / Mg (%).
(Mg) green weight of the wood samples (g)
after cutting and (M) dry weight of wood
samples after dried in oven dried at 105+2 °C,
until a constant weight of wood.

Maximum moisture content MMC= (1.5 —
Dy) / (1.5 % Dp) (%0)

While fiber saturation point (FSP), percentage
of cell wall and porosity were determined by
following the method described by Korkut and
Guller (26). (FSP)= B, / Dy (%), where Py is
the volumetric shrinkage (%) and Dy, is basic
density (g/cm®).

Anatomical Properties

For evaluation the anatomical properties, the
samples of wood were cut to small pieces and
prepared for maceration process according to
Franklin method (15), that consisted of glacial
acetic acid and hydrogen peroxide at 1:1
percentage, the samples were placed in a test
tubes and transformed into pulp after placed in
an oven at a temperature of 75°C for 24 h.
Macerated fibers rinsed with distilled water,
then subjected to shaking to separate the fibers
and vessels for measuring. Macerated wood
fragments are transported and spread over a
glass slide and they were observed under
microscope. A total of 200 fiber and vessel
diameters were measured using microscope
with DinoXcope digital camera. After
evaluated the average of all parameters, the

following equations were followed to
calculated:
Runkel ratio :2><Fiber cell wall thickness

Lumen width
Lumen width of fiber

x 100

F|EXIbI|Ity ratio = Diameter of fiber
Length of fiber

Slenderness ratio = Diameter of fiber

Statistical analysis:

Descriptive statistical analysis was conducted
to determine the maximum and minimum
values, means and standard deviations for all
properties were calculated.

Table 1. Tree dimensions

Tree NO. Tree Age Tree Height (m)  Diameter of Tree at Diameter of Wood Disk at DBH
(Years) DBH (cm) without Bark (cm)
1 9 7.80 11.20 10.65
2 9 7.55 15.40 14.55
3 9 8.35 16.35 15.45
4 9 7.15 17.30 16.35
5 9 7.40 10.85 10.45
Average 9 7.65 14.22 13.49
ST.D 0.00 0.45 2.99 2.75

RESULTS AND DISCUSSION
Morphological properties

Cross-sectional area of heartwood, sapwood,
bark content and annual growth ring at DBH
varied among samples taken from various
trees. All studied trees appear that there is
indeed a difference in the proportions of
heartwood and sapwood (Table 2), the mean of
HWP and SWP is 69.01% and 12.93%
respectively. Also experiments observed that
the results of HWP were high and ranged
between (83.02-90.34%) whereas, SWP was
very low and ranged between (9.66-16.98%).

This result was in agreement with that reported
by EL-Juhany (12), as well as with others
reported in different species (35, 39, and 34).
Figure (1) demonstrates the coefficient of trees
diameter at DBH to the proportion of
heartwood and sapwood. The amount of
heartwood in a tree increases rapidly with
increasing the tree diameter (45). Bamber (6)
proposed a physiological explanation; whoever
theorizes that sapwood must be continuously
laid down concurrently with the growth of the
crown, its quantity can only be sustained at the
optimum through the creation of heartwood,
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acting as a regulatory mechanism for
regulating sapwood quantities. This leads to
think that the above-mentioned variation in
HWP and SWP may be caused by a
combination of various anatomical and
physiological factors (10). Bark percentage
(BP) ranged amongst (7.24-10.73%) with an
average 9.78 of the cross-sectional area at
DBH (Table 2). It seems that the BP showed a
significant variation between trees, although
the age is constant for all trees (Table 2, Figure

B Heartwood (%) Sapwood (%)
100 .
90.34 >
87.54 88.96
i 83.02 N
80 -
70 -
60 -
£
30 -
20 - 1449 | 2020 :
10 - —
o - —

10.85 1.2 15.4 16.35 17.3

Tree Dianeter at DBH (CM)
Fig. 1. Relationship between trees diameter

at DBH with percentage of heartwood and
sapwood

12.00

1077201071 B 111 6% e

10.00 9:58

8.00

6.00 -

Bark %

4.00 +

2.00 -

0.00

154 1635 173

10.85

1.2

Tree Diameter (cm)

Fig. 2. Relationship between bark
percentage and trees diameter at DBH
Bark thickness is associated with geographic
factors, as with availability of moisture,
diameter and age of the tree (53). Unlike
various types of bark, they have various
physiological characteristics in relation to the
ecology of different species and provide
variety habitats for bark living arthropods (41).
The annual ring width of M. azedarach
averaged 11.53mm, with a range between 8.43

e

to 16.02 mm (Table 3). It appears that there a
differences in the ARW from pith to bark
(Figure 3) Mean ARW close the pith was
broad and rapidly decreased with age. This
results are in covenant to those in literature
(32, 21, and 57), reported that the wood
characteristics and their difference in the stem
of 17-19-year-old M. azedarach trees
developed in northern Vietnam and Japan,
respectively, and Matsumura et al., (32) notice
that ARW was wide near the pith up to a
height of 3 m then became stable beyond the
4th ring irrespective of stem height. ARW is
variable, because it is influenced by different
factors, as the fluctuation in the environment
(65).
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Fig. 3. Changes in annual ring width of

Melia azedarach L. tree from pith to bark
Physical Properties
The specific gravity is regarded as a measure
of wood hardness and many other properties
(61). The values of wood SG and Basic WD
ranged between (0.36-0.48g/cm®) and (0.31-
0.40g/cm®) which shown in Table (2). This is
in concourse to the values reported earlier in
the literature (47 and 56), however El-Juhany
(12), stated lower values of SG: 0.41, 0.49 and
0.40 and 0.41, respectively. Meanwhile others
have noticed different values for WD of M.
azedarach, (16, 31, and 49) respectively,
described a WD of 0.46, 0.43, 0.50 and 0.65
g/cm3. Dissimilarities between specific gravity
and density records for the same species could
be due to the age factor (9 and 22) and
geographic  variability effects such as
temperature, precipitation and latitude (61).
Wood SG and wood WD in M. azedarach
enlarged from pith to bark (Figures 4 and 5).
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Table 2. Morphological properties of Melia azedarach L. trees

Tree Heartwood  Sapwood Heartwood Sapwood Bark Bark Annual Ring
NO. (cm) (cm) (%) (%) Thickness percentage Width (mm)
(mm) (%)
1 9.34 1.00 83.02 16.98 3.38 9.58 8.43
2 13.70 1.95 87.54 12.46 4.32 10.73 12.38
3 13.20 2.30 90.34 9.66 4.6 10.71 11.74
4 14.10 1.75 88.96 11.04 4.85 10.68 16.02
5 8.85 1.50 85.51 14.49 3.18 7.24 9.1
Average 11.84 1.78 69.01 12.93 4.06 9.78 11.53
ST.D 2.53 0.63 2.89 2.89 0.74 1.50 3.01
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Fig. 4. Changes of wood specific gravity of
Melia azedarach L. tree from pith to bark
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Fig. 5. Changes of wood basic density of
Melia azedarach L. tree from pith to bark
Such results are in arrangement to those in
literature (32, 12, and 58). This trend can also
be seen in other species belonging to the
family of Meliaceae such as Toona ciliata (42)
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and Swietenia macrophylla (30). Moreover,
Ofori and Brentuo (43) indicated that the
density of Cedrela odorata increased rapidly
from pith to bark. It seems from Table 4,
which the average volumetric shrinkage value
and volumetric swelling at DBH were 13.18%
and 16.25%, this result is in accordance with
that reported by Praptoyo (47); Van Duong
and Matsumura (57) and Almalah (3) for M.
azedarach wood. The highest values of
shrinkage can be observed, when juvenile
wood is available in wood with the lowest
specific gravity values and then when juvenile
wood has a high shrinkage due to the cellulose
molecules at a large angle away from the long
and grain direction (64 and 36). The
relationship  between basic density and
shrinkage suggests that basic density is a good
predictor of dimensional stability (57). The
moisture content and maximum moisture
content was 44.46% and  208.36%,
respectably, and Fiber Saturation Point was
36.34%. Otherwise, the M. azedarach has a
very low proportion of the cell wall (28.05%).
Therefore, it has a high ratio of porosity
(71.94%), this results concurs with Nair (37);
Akyildiz and Kol (2); and Kim et al.,(25) who
reported that reducing the percentage of cell
wall leads to an increase the porosity in wood
and reductions the wood density. Thickness of
cell wall and porosity causes the difference in
the specific gravity amongst species, within a
species, as well as between earlywood and
latewood growth (14).
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Table 3. Descriptive statistics for physical properties studied of Melia azedarach L. wood

Properties Mean Maximum Minimum Standard Deviation (ST.D.)
Specific gravity 0.420 0.48 0.36 0.030
Basic Density(g /cm°) 0.36 0.41 0.32 0.026
Volumetric shrinkage (%0) 13.182 17.84 6.84 2.37
Volumetric swelling (%0) 16.25 21.71 7.34 3.12
Moisture content (%) 44.46 77.24 25.17 9.61
Maximum moisture content (%) 208.36 249.63 177.29 19.69
Fiber saturation point (FSP) (%0) 36.34 54.41 17.45 7.75
Cell wall (%) 28.05 32.36 24.17 2.03
Porosity (%) 71.94 75.82 67.63 2.03

Anatomical properties

The dimensions of fibers and vessels are the
most characteristic that are important for the
variability of wood. It indicates from Table (4)
that the anatomical property values were: for
fiber length 0.79mm, fiber diameter 17.74pum,
fiber double cell wall thickness 9.67um, and
fiber lumen diameter 8.07um. The fiber
dimension in the present research is more or
less close to that found in other papers for M.
azedarach. For example, El-Juhany (12)
informed a lower mean fiber length of 0.74-
0.79 mm, while Richter and Dallwitz (49),
Abdul Wasim (1), and Praptoyo (47) reported
that the range of fiber length was (0.80-1.65),
(0.78-1.3) and (0.83) mm respectively,
meanwhile Nasir (38) reported an average
fiber length of 1.02mm, fiber diameter of
17.08um, cell wall thickness 3.23um and fiber
lumen diameter 10.62um, for M. azedarach
grown in Pakistan which are longer than Melia
fibers grown in Saudi Arabia (12). Talal et al.,

(54) indicated that the range of fiber length
was (0.62-1.36 mm), fiber diameter of (12.00-
28.00um) and cell wall thickness (3.00-
8.00um) and fiber lumen diameter (4.00-
16.00um) for young trees. In addition Van
Duong et al., (58) found an average fiber
length of (0.98-1.15mm). The experimental
results revealed that the fiber length of M.
azedarach is considered medium length, which
is within allowable range for hardwood fiber
length that used in paper production (46). The
recent result is in agreement with other
previous results in different tree species (11,
50, 34, and 48). Furthermore the average value
of vessel length was 241.57mm, whereas
vessel diameter and vessel lumen diameter
averaged  (169.08um  and  158.26pum)
respectively. The slenderness percentage and
runkel ratio were 47.58, and 1.55, respectively.
The finding results are in line with the results
of LevYadun and Aloni (29) and Larson (27).

Table 4. Descriptive statistics for anatomical properties studied of Melia azedarach L. wood

Properties Mean Maximum Minimum Standard Deviation
(ST.D)
Fiber length (mm) 0.792 1.169 0.430 0.161
Fiber diameter (um) 17.74 33.75 9.37 4.89
Fiber double cell wall thickness (um) 9.67 22.50 3.75 4.30
Fiber lumen diameter(um) 8.07 18.75 1.875 3.80
Runkel ratio (%) 1.55 4.625 0.222 1.095
Flexibility ratio (%) 47.17 81.82 11.11 16.79
Slenderness ratio (%) 47.58 101.71 19.14 15.03
Vessel length (um) 241.57 399.88 138.42 49.13
Vessel diameter(um) 169.08 307.60 76.90 48.14
Vessel lumen diameter(um) 158.26 276.84 61.52 46.31

CONCLUSION

The results of the present study showed a
significant variation between Melia azedarach
trees, as well as from pith to bark, for all
studied properties. It can be concluded that the
morphological properties has a significant
variation related to the age of trees at DBH.
Since physical properties particularly, specific
gravity and density showed low values, low
dimensional stability and high value of
volumetric shrinkage, therefore M. azedarach
wood are not recommended for wood
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constriction. Otherwise may be used in
production of special type of paper, due to
their medium fiber length.
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