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ABSTRACT

This study was aimed to investigate the morphologic, macroscopic, and microscopic description with
the paper pulp quality index was determined to facilitate its increased use and to analyze the variation
of wood properties. Among different morphological characteristics Q. aegilops registered mean height
(13.63 m) and diameter (26.04 cm), while bark thickness represented from 7.2 to 15.6mm. Average
bark and wood percent was noticed (8.22%) and (91.78%) of the total volume, with annual ring
growth width (3.17mm) that considered a slow-growing species. The highest heartwood proportion of
stem volume was 75.32% and the lowest 42.01% with a mean of 61.46%. The sapwood proportion
ranged between 23.68 and 57.99% with a mean of 38.54%. While the values of anatomical properties
were: The mean values of fiber length, fiber diameter, double cell wall thickness, and fiber lumen
width were 1.01mm, 15.54um, 6.288um, and 9.25um respectively. Moreover, the mean values of vessel
length and vessel diameters were 0.54mm and 179.80um respectively. Significant differences were
found in the pulpwood quality indices for the paper samples, the means value of the runkel index was
0.86, while, slenderness index was 68.84, the coefficient of flexibility was 0.57, and the average value of
the stiffness coefficient was 0.421. The fibers length more thanlmm and cell well is thick accordingly
are classified as good for paper. Based on its morphological and physical properties, Q. aegilops wood
can be used in various wood manufactures. Based on the anatomical properties and pulp quality
indices, this wood could be used to obtain cellulose pulp for paper production.
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INTRODUCTION

Valonia oak (Quercus aegilops L.), is
considered one of the most important,
widespread, and native tree species in the
Kurdistan Region of Irag. It covers as much as
70 % of the total Oak area which constitutes
about 90% of the region’s forest (41). The
species has large ecological adaptability
landscape and socioeconomic importance, in
which is the most important source of wood
that is hard, heavy, dense, strong and resistant
to pressure and fungi diseases. Its wood used
for construction, furniture, mine timbers,
plywood, pulp chips and production of coal
(45, 33). Also, it plays a vital role for
preserving soil and water, providing shelter
and food for hundreds of animal and plants
species thus contributing to the enhancement
of the biodiversity and wildlife of the region.
Kurdish farmer’s make the shank of plough
from its branches, Different parts of oak are
used in folk medicine (42). This species tends
to develop a decurrent growth pattern,
therefore, its wood is distributed over tree
trunk and tree branches, and is utilized for
different purposes (50). Oaks are valuable
timber species is highly considered for indoor
joinery and furniture due to its mechanical
properties and aesthetical value. Size and
absence of defects such as knots or grain
direction are also important aspects for
acceptance of oak timber for higher value
products (16, 27). The wood of oak is very
resistant to insect and fungal attack because of
its content high amount of tannin. Moreover,
has very interesting grain markings, mainly
when quarter sawn. It is known that
dimensional and physical characteristics of
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wood within trees are variable. This variation
which are present can be related to radial or
axial position of the wood sample either within
an individual growth increment or over a
series of growth increments within the tree, the
suitability or quality of wood for a particular
purpose is determined by the variability of one
or more of these characteristics which affect
its structure and hence its physical properties
(34). This variation can result also from
population-level differences within a site and
from site-to-site differences in wood (19, 21),
but a main portion of the variability is often
within the trees themselves (54). Since
knowledge of wood properties of Valonia oak
is limited in Kurdistan region therefore, this
study aimed to perform the macroscopic and
microscopic anatomical description of Q.
aegilops wood to facilitate its increased use
and to analyze the variation of wood properties

between and within trees, site-to-site
differences to characterize their radial
variation, and identify the demarcation

strength between heartwood and sapwood for
different characteristics, as a contribution to
the technological knowledge of the wood in
this species.

MATERIALS AND METHODS

Ten of Valonia Oak trees free from wood
defects in Mangish district, Duhok province
(latitude 37° 03' 03.9" N, longitude 043° 04'
05.4" E and altitude 1033m) were chosen and
harvested for this study (Fig 1). The average
rainfall is 646.5 mm. The test trunk samples
used for establishing the physical and
anatomical properties were taken from the
breast height
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Fig 1. Map of Dohuk province showing region surveyed.

A- Morphological Properties of Wood

1. Tree Height: Tree height was determined
using Haga altimeter

2. Diameter at Breast Height (DBH):
Diameter of the trees was measured in cm with
the help of tree caliper. It was measured at two
axes which were at right angle to each other
and mean value was taken as DBH (diameter
at breast height).

3. Bark Thickness: Bark thickness was
measured using Verner clipper digital and the
average of two perpendicular measurements to
the nearest 1 mm was taken for this purpose,
and bark percent was measured after the
procurement of logs from the site. Bark
thickness was measured with the help of
measuring scale and bark percentage and was
calculated as the difference between total disk
area and disk area without bark (20).

4. Wood Percentage: Wood per cent was
measured according to Heena (20).

5. Sapwood and Heartwood Percentage: For
the macroscopic description, a 30-cm thick
slice obtained at 1.30 m above ground level
was used. From the slice, the cross section of
the disks was polished (sequence of sand
papers. The boundary between heartwood and
sapwood was separated depending on wood
color, it was very clear due to their distinct
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color, the heartwood was brown color which
sapwood white to yellow color a marked with
a fine-tipped pen. The total disk area without
bark, sapwood area and heartwood area and
ratio were then determined using a planimeter
device (to the nearest mm). Wood disk
diameter without bark of Valonia Oak trees at
DBH was measured first along the largest
diameter and then perpendicular to it. Next,
heartwood and sapwood cross-sectional area
(cm?) were calculated as geometric circle.

6. Growth Increment: Discs were treated
with sand paper in order to obtain a more
conspicuous view for annual rings. The discs
were installed on wooden basement for
imaging purpose, which were done with a
high-resolution camera (Nikon Digital Camera
D3100). The images of obvious wood disk
were transferred to computer to be used for
measuring and calibration the annual ring by
using a CDendro 9.0.1. software program
along with Cybis coordinate recorder. Growth
rings were counted in each disk and took every
other ring from pith toward bark from each
tree. The early- and latewood were collected
together and the average ring width was
calculated by dividing the average disk radius
by the number of rings, (Table 1).
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Table 1. Dimensions of Quercus aegilops L. trees
Tree Over Diameter of Und_er Diameter (_)f Wood Bark 'Annufal Tree
Tree NO. Height (m) Tree at DBH Disk at DBH without Thickness Ring Width Age
(cm) Bark (cm) (mm) (mm) (Years)
1 8.70 21.06 19.45 8.1 4.89 26
2 10.60 21.74 20.30 7.2 4.10 27
3 11.70 22.18 20.60 7.9 4.03 33
4 7.90 23.88 21.50 11.9 3.56 33
5 16.20 24.44 22.90 7.7 5.50 25
6 18.30 25.48 22.70 13.9 2.47 71
7 11.90 27.78 25.20 12.9 4.32 38
8 13.60 28.22 26.60 8.1 2.68 57
9 17.60 31.88 28.90 14.9 2.35 85
10 19.80 33.72 30.60 15.6 2.49 79
Average 13.63 26.04 23.88 10.8 3.64 47.40
Max 19.80 33.72 30.60 15.6 5.50 85.00
Min 7.90 21.06 19.45 7.2 2.35 25.00
ST.D 4.15 4.30 3.81 3.35 1.11 23.43

B- Physical properties

To evaluate the physical properties, the wood
parameters were determined by using standard
sized test specimens i.e. (2x2x3) cm,
according to American Society for Testing and
Materials (4) to study: -

1- Moisture content (%)

Fresh weight of the samples was recorded just
after they were cut from the logs. After initial
weighting, the samples were oven dried first at
60C° for few hours and then at 105+2°C till
constant weight. The weight of samples was
recorded as oven dried weight (g). The
moisture per cent of the samples was
calculated by using the formula according to
Akyildiz and Kol (2).

2- Specific gravity

Specific gravity was determined based on
oven-dry weight and dry volume of wood
specimens. Following the ASTM D 2395 (5):
3- Basic density was calculated by the
gravimetric method: (18).

4- Volumetric shrinkage and volumetric
swelling were determined according to the
method described by Akyildiz and Kol (2).

5- Fiber saturation point (FSP) and
maximum moisture content (MMC) were
determined according to the method described
by Korkut and Guller, (26) and Akyildiz and
Kol, (2).

6- Percentage of the cell wall and percentage
of the porosity were determined according to
the method described by: Korkut and Guller,
(26).

C- Anatomical properties of wood
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Some matchstick sized chips were carefully
cut from growth rings 16 - 20 starting from the
pith to avoid juvenile wood were macerated
using Franklin  solution (15). Twenty
measurements of fiber length (FL), fiber
diameter at the mid-point of the fiber (FD),
fiber lumen width (FLW), fiber double wall
thickness (FT), vessel length (VL), and
vessel diameter (VD) were recorded for each
tree, and measured under 100x magnification
and under 400x magnification using Olympus
microscope connected to DinoXcope digital
camera. For pulp wood quality indexes were
calculated based on the following relationships
given by Dadswell et al., (11) and cited by
Villasefior-Araiza and Rutiaga-Quifiones (48):
Slenderness ratio =FL / FD, Runkel index =
2FT / FLW, Stiffness coefficient = (2FT /
FD) and Flexibility coefficient = (FLW/FD)
was studied.

Statistical analysis

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

RESULTS AND DISCUSSION
MORPHOLOGICAL PROPERTIES
Significant variability was found in bark
thickness and bark percentages between trees
and within tree. Average bark thickness at a
height of 1.3 m was 10.8 mm and a ranged
between (7.2 15.6) mm, while bark
percentage averaged 8.22% with ranged of
(5.74 — 10.91%). It can be shown from Table
(1, 2) and Figure (2, 3) the bark thickness and
its percenters increased with increasing the
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diameter and age of trees, the maximum value
of bark thickness and percentage were found
in higher tree diameters and older trees more
70 years while minimum values were found in
smallest tree diameter less 30 years ages.
Figure 2, appears that the linear effect of age
and DBH was significant for the bark
thickness. Table 3, reverse to the wood
percentage were decrease with increase the
diameter and age of trees, with reneged from
89.09 to 94.26% with average value 91.78%.
Similarly, Vihera-Aarnio and Velling (49) they

found the bark thickness was decreased with
increasing seed origin latitude and increased
with increasing tree DBH. Bark thickness is
associated with geographic factors, as with
availability of moisture, diameter and age of
the tree (44). The wood structure of trees were
varies by species, within each species, between
trees, and even among the specimens. They
can vary from the pith towards the exterior or
from the base of the trunk to the crown (53 and
37).
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Fig 2. Relationship between bark thickness with trees diameter and age at DBH
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Fig 3. Relationship between bark, wood percentage with trees diameter and age at DBH

The growth rate of Q. aegilops trees varies
from 5.50 to 2.35mm, with an overall mean of
3.64 mm per years (Table 2). Also, the results
revealed that average mean annual ring width
for ten trees was 3.17 with maximum ring
width of 10.15mm and minimum ring width
was 1.23mm (Table 3). More variability in
ring features is encountered within trees and
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between trees. These measurements of ring
width indicate a very low radial rate of growth
of this species. The high variability in an
average ring width may cause production of
heterogeneous wood in terms of lumbers and it
is influenced by different factors, as the
fluctuation in the environment (54).
Investigation of the pattern of mean ring
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width, earlywood ring, and latewood ring
variation from the pith to the bark of one tree
at age 26 years (Figure 4) proves that they are
wider within the pith area, more than
elsewhere, but slightly decreased to attain
more or less constant width, then decreased
apparently near the bark. The ring width
change from pith to bark is found to resemble
ring width of Valonia oak (42) and also by Al-
Atroshy (3) in Gall oak in Dohuk province.
Latewood and earlywood rings are found to be
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correlated strongly to the annual growth
increment width, but latewood width is found
to be more sensitive to the increase in width of
the growth increment than the earlywood ring.
Figure 5, shows there were a negative
correlation between tree age and mean annual
growth. Zhang and Zhong, (52) and Zhang et
al., (51) found the ring width declines with
cambial age as well, cambial age explains
more of the variation in wood density than
does ring width.

~4— Annual Ring Growth Width (mm)
~@i— Early wood Width (mm)

Latewood Width (mm)

Tree Age (Years)

Fig 4. Annual Ring width, Earlywood and Latewood Changes from Pith to Bark of Quercus
aegilops L. trees
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Fig 5. Relation between mean annual ring growth width with tree age.

Cross-sectional area of wood, heartwood, and
sapwood at DBH varied among samples taken
from various trees. All studied trees appear to
be a difference in the proportions of heartwood
and sapwood (Table 3), the highest heartwood
proportion of total wood area at DBH was
76.32% with lowest values of 42.01% with
average value of 61.46%. The proportion of
sapwood ranged between 23.68 to 57.99% of
the total wood area, with a mean value of
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38.54%. Figure 6, showed that the heartwood
percentage increased with increasing age and
tree diameter, while the percentage of
sapwood decreased with increasing the tree
age and diameter. This result was in agreement
with that reported by EL-Juhany (14) and
Pérez Cordero and Kanninen (35), as well as
with others reports in different species (30; 32;
29; 1; and 39).
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Fig 6. Relation between tree age with sapwood and heartwood percentage
Table 2. Morphological properties of Quercus aegilops L. trees

Tree NO Wood Area Sapwooci Heartwoozd Wood Bark Sapwood Heartwood

: (cm?) Area (cm®) Area (cm°) (%) (%) (%0) (%)

1 61.13 33.16 27.97 92.34 7.66 54.24 45.76

2 63.80 27.66 36.14 93.38 6.62 43.35 56.65

3 64.74 19.80 44.94 92.88 7.12 30.58 69.42

4 67.57 18.86 48.71 90.03 9.97 27.91 72.09

5 71.97 41.74 30.23 93.70 6.30 57.99 42.01

6 71.34 22.94 48.40 89.09 10.91 32.16 67.84

7 79.20 40.23 38.97 90.71 9.29 50.79 49.21

8 83.60 19.80 63.80 94.26 5.74 23.68 76.32

9 90.83 26.40 64.43 90.65 9.35 29.07 70.93

10 96.17 34.26 61.91 90.75 9.25 35.62 64.38

Average 75.04 28.48 46.55 91.78 8.22 38.54 61.46

Max 96.17 41.74 64.43 94.26 10.91 57.99 76.32

Min 61.13 18.86 27.97 89.09 5.74 23.68 42.01

ST.D 11.98 8.49 13.50 1.74 1.77 12.36 11.82
Physical properties between and within species and also within
The data on physical properties of Q. aegilops individual  trees.  Moreover, due to

wood are presented in Table 3, and revealed a
significant variation among trees studied. The
maximum and minimum values of wood
specific gravity were 0.859 and 0.746,
respectively, with an overall mean of 0.811.
Similar results were found by Cox et al., (10);
AL-Atroshy (3) and Jayawickrama et al., (25).
While, the basic density value ranged from
0.711 to 0.779 g/cm® with an average of 0.736
glcm®. According to Chowdhury and Ghosh
(9) for classifying wood on the basis of
specific gravity the wood of the present study
is classified as heavy wood tree spices. The
descriptive statistics given in Table 3,
indicates there is a significant variation in
wood density among different oak trees in the
natural stands. Bastin et al., (6) investigate that
the wood specific gravity varies widely
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environmental and genetic influences, wood
specific gravity varies among trees of the same
species. In the present study, the data related
to moisture content was presented in Table 4.
It appears a significant variation among
Vilonia oak. The average and range value of
moisture content and maximum moisture
content were 39.25 (34.34 to 45.33%) and
68.58 (60.75 to 73.77%), respectively.
Moreover, the mean values of volumetric
shrinkage and swelling percentage were
10.43% and 11.69%. It appeares that Q.
aegilops wood shrinks and swells less than
other strong species and indicate a higher
dimensional stability of the wood. Most of the
physical and mechanical properties of wood
such as hardness, weight, impact resistance,
and shrinkage rates are directly related to



Iraqgi Journal of Agricultural Sciences —2021:52(3):589-600

Aree & et al.

density (38). While, Bowyer and Smith (7)
noticed that some wood properties that are
closely related to wood specific gravity are
strength, dimensional stability with moisture
content change, ability to retain paint, fiber
yield per volume, suitability for making
particleboard and related wood composite
material and suitability as a raw material for
making paper. On the other hand, fiber
saturation point was 14.33%. The FSP
according to the average is classified as low
(40). Wood with a high content of extracts has
a relatively low fiber saturation point (34).
Which differ in values reported for Q.
convallata Trel. (22), Q. suber L. (28), and Q.
macdougallii Martinez (39). Moreover, it was

noted that Q. aegilops has a very high
proportion of the cell wall (55.24%).
Therefore, it has a low ratio of porosity
(44.76%). The extractives in this species are
mainly located in the cell lumen and they fill
empty spaces in the wood and thus decrease
the porosity and thereby increase the specific
gravity. Even the variable lignin deposition in
the cell wall resulted in an influence the
specific gravity of wood. Porosity and
thickness of cell walls causes variation in the
density between wood species, within a
species, and between earlywood and latewood
growth (13). The thickness of the walls gives it
weight and the hardness necessary for use in
construction (24).

Table 3. Descriptive statistics for physical properties studied of Quercus aegilops L. wood

Properties Mean Maximum Minimum Standa(\;(_:ir.DDe.z;/iation
Basic Density (g cm™) 0.7363 0.7790 0.7114 0.0167
specific gravity 0.8115 0.8590 0.7467 0.0279
Annual Ring growth width (mm) 3.17 10.15 1.23 1.66
Moisture content (%0) 39.258 45.331 34.343 2.382
Maximum moisture content (%) 68.5876 73.7725 60.7582 3.2843
Volumetric shrinkage (%0) 10.43 12.21 6.48 1.32
Volumetric swelling (%) 11.6985 14.0276 8.3814 1.4589
Fiber saturation point (FSP) (%) 14.2235 17.7710 8.8721 2.0220
Cell wall (%) 55.240 57.9256 53.3192 1.2870
Porosity (%) 44.760 46.6801 42.0743 1.2870

Anatomical properties

Fiber dimensions and wood density are related
to many structural, physical and chemical
properties in wood. According to Hughes and
Alburquerque-Sardinha (23) the sizes of fiber
affects in many wood-product industrial, like
pulping process, behavior in the drying
process and resistance to cutting and
machining. It was indicated from Table 4,
there is a variation in fiber and vessel
dimensions in this study between different Oak
trees. The overall mean values with of fiber
length, fiber diameter, double cell wall
thickness, and fiber lumen width were 1.014
mm, 15.542um, 6.288um, and 9.254pm
respectively. Moreover, the mean values of
vessel length and vessel diameter were found
to be 0.545 mm and 179.806 um respectively.
The dimensions of fibers and vessels are the
most  important  characteristic  for the
variability of wood. Such differences in fiber
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dimensions, no doubt is the result from genetic
and  environmental interaction  (G*E
interaction). The structure of the wood varies
between species and between individuals
within species and even in the specimens.
They can vary from the pith towards the
exterior or from the base of the trunk to the
crown (53, 37). The variation may be due to
genetic,  physiological ~ or  silvicultural
treatments (31). However, many researchers
insist that fiber dimensions are controlled
primarily by changing cambial initials and
pressures developed during various stages of
growth (43). The fibers dimensions intervene
in the physical and mechanical behavior of the
wood, where the total volume and the
thickness of the cell wall directly impact the
density. Species with thick walls have high
density (17). And there is a close relationship
between the wood density and cell wall
thickness and is negative relationship between
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wood density and vessel (36). Therefore, the
greater the length the greater the resistance
(12). Also, similarity it was reported that fiber
length, fiber diameter and vessel dimensions
for the wood of Q. infectoria Oliv. (3), Q.
obtusata (8), Q. polymorpha (17), and Q.
macdougallii  (39). Significant differences
were found in the pulp wood quality indices
for paper of samples (Table 4), for the Runkel
index, data ranged from 0.168 to 2.979 with
mean value 0.867. While, the average value of

the slenderness index was 68.841. The average
value of the coefficient of flexibility was
0.578, the results close to Q. obtusata (0.45)
(47) and Q. macdougallii is 0.47 (39). The
mean value of the stiffness coefficient was
0.421, and the thickness of the cell wall is
classified as thick. Studying the morphological
characteristics of fibers should assist in
understanding and interpreting the behavior of
wood products (46).

Table 4. Descriptive statistics for anatomical properties studied of Quercus aegilops L. wood

Properties Mean Maximum Minimum Standzz;(_jr%e.;/iation
Fiber length (mm) 1.014 1.544 0.398 0.209
Fiber width (um) 15.542 35.782 8.419 4317
Fiber double cell wall thickness (pm) 6.288 17.976 2.004 2.276
Fiber lumen width (pm) 9.254 27.964 2.116 4116
Vessel length (mm) 0.545 3.730 0.323 0.2515
Vessel width (um) 179.806 326.910 84.612 47.503
Runkel index 0.867 2.979 0.168 0.562
Slenderness ratio 68.841 152.915 26.416 22.741
Flexibility coefficient 0.5787 0.8564 0.2513 0.1498
Stiffness coefficient 0.4213 0.7487 0.1436 0.1498

CONCLUSION REFERENCES

Investigation of morphological, physical and
anatomical properties of wood is important for
application of wood as a raw material. This
study leads to the following conclusions:

1- This species has thick bark and the bark
thickness and percentage increase with
increase the age and diameter of Oak trees

2- Sapwood and heartwood percentage varied
between trees and influenced by tree diameter
and tree ages.

3- Basic density and specific gravity are
classified as heavy, hard, dense and strong
wood. superior mechanical properties could be
expected. Based on its physical properties, the
wood can be used in different manufactures
and constructions

4- 1t appeared that Q. aegilops wood less
shrinks and swells than other strong species;
also content little moisture content therefore
was indicating a higher dimensional stability
of the wood.

5- Fiber length is a wood-quality parameter of
important to pulp and paper making. The
fibers (fiber length > 1mm) and cell well are
thick consequently are classified as good for

paper.

1. Abdulgader, A. A.; H. H. Suliman; N. A.
Dawod and B. J. Hussain. 2016. Characteristic
and Some Technological Properties of Juglans
regia L. Trees Grown in Duhok province. The
2" Scientific Agricultural Conference (April
26 and 27" 2016). Journal of University of
Duhok. (1) 19:280-287. (Special Issue).

2. Akyildiz, M. and H. S. Kol. 2010. Some
Technological Properties and Uses of
Paulownia (Paulownia Tomentosa Stud.)
Wood. J. Environ. Biol., 31:351

3. Al-Atroshy, H. H. S. 2005. Phenotypic
Variation and Early Growth in Natural Stands
of Quercus infectoria Oliv. (Fagaceae) in
Dohuk Province. M.Sc. Thesis. College of
Agriculture University of Dohuk. Iraq

4. ASTM (American Society for Testing and
Materials). 2003. Test Methods for Small
Clear Specimens of Timber. ASTM D 143-94.
Rep

5. ASTM D 2395, 1989: Standard Test
Methods for Specific Gravity of Wood-Base
Materials

6. Bastin, J. F.; A. Fayolle; Y. Tarelkin, J. Van
den Bulcke; T. De Haulleville; F. Mortier; H.
Beeckman; J. Van Acker; A. Serckx; J.



Iraqgi Journal of Agricultural Sciences —2021:52(3):589-600

Aree & et al.

Bogaert and C. De Canniere. 2015. Wood
Specific Gravity Variations and Biomass of
Central African Tree Species: The Simple
Choice of the Outer Wood. PLoS One. 2015
Nov 10;10(11):e0142146. doi:
10.1371/journal.pone.0142146.PMID:2655514
4; PMCID: PMC4640573

7. Bowyer, J. L. and R.L. Smith. 1998. The
Nature of Wood and Wood Products. CD-
ROM, Uni. of Minnesota, Forest Products
Management Development Institute, St. Paul,
Minnesota, USA

8. Chavez, R. D. M.; R. S. Aguilar and T.
Terrazas. 2010. Variacion Anatomica En La
Madera de Quercus obtusata (Fagaceae)
[Anatomical Variation in Quercus obtusata
(Fagaceae) Wood], Maderay Bosques 16(2),
69-87. DOI: 10.21829/myb.2010.1621173

9. Chowdhury, K. A. and S. S. Ghosh. 1958.
Indian Woods Their Identification, Properties
and Uses. Vol. 1, Manager Publications, Delhi,
India. Pp.304

10. Cox M. C., C. S. Elouard; A. K. Rafedah
and K. Roszaini. 2001. Growth and Wood
Quality of Four Plantation Dipterocarp Species
from Malaysia. Proceedings of 6th Round
Table Conference on Dipterocarps, Banglore,
India, February 8-12 1999. 199-210

11. Dadswell, H. E.; A. J. Watson and J. W.
Nicholls. 1959. What are the Wood Properties
Required by the Paper Industry in the Trees of
the Future?, Tappi 42(7), 521-526

12. Dinwoodie, J. M. 1965. “The Relationship
between Fiber Morphology and Paper
Properties: A review of literature,” Tappi
48(8), 440-447

13. Forest Products Laboratory. 2010. Wood
Handbook, Wood as an Engineering Material.
Gen. Tech. Rep. FPL-GTR-119.US Dept. of
Agriculture. Forest Service. Forest Products
Laboratory. Madison, W1, USA

14. EL-Juhany L. I. 2011. Evaluation of Some
Wood Quality Measures of Eight-Year-Old
Melia Azedarach Trees. Turk J Agric For
35:165-171

15. Franklin, G. 1946. A Rapid Method for
Softening Wood for Microtome Sectioning
Tropical woods 88, 35-36

16. Gartner, B. L. 2006 Prediction of Wood
Structural Patterns in  Trees by Using
Ecological Models of Plant Water Relations.
In Characterization of the Cellulosic Cell

598

Wall. D. Stokke and L. Groom (eds).
Blackwell Publ. Oxford, UK, 38-52

17. Gonzélez, R. H.; R. Maiti; A. Kumari, and
N. Sarkar. 2016. Variability in Wood Density
and Wood Fiber Characterization of Woody
Species and Their Possible Utility In
Northeastern Mexico. American Journal of
Plant  Sciences 7, 1139-1150. DOI:
10.4236/ajps.2016.77109

18. Haygreen, J. G. and J. L. Bowyer. 1996.
Forest Products and Wood Science. 3" edition,
lowa State University Press, USA, ISBN 0-
81382-256-4, pp.33

19. Hamilton, J. R. 1961. Variation of Wood
Properties in Southern Red Oak. For. Prod. J.
11: 267-271

20. Heena. 2014. Evaluation of Willow (Salix
species) Clones for Physical and Mechanical
Properties of Wood. M.Sc.  Thesis Dr.
Yashwant Singh Parmar University of
Horticulture and Forestry, Nauni Solan -173
230 (H.P.), INDIA

21. Hernandez, R.E. and G. Restrepo. 1995.
Natural Variation in Wood Properties of Alnus
acuminata H.B.K. Grown in Colombia. Wood
Fiber Sci. 27: 41-48

22. Honorato, S. J. A. 2002. Caracteristicas
Anatomicas De La Madera De Encinos
[Anatomical Characteristics of Oak Wood], in:
Caracteristicas, propiedadesy procesos de
transformacion de la madera de los encinos de
México, Quintanar O. J. (ed.), INIFAP-
CIRCE, C.E., San Martinito, Tlahuapan,
Puebla, México, pp. 34-65

23. Hughes, J. F and R. M. Alburquerque-
Sardinha. 1975. The Application of Optical
Densitometry in the Study of Wood Structure
and Properties. J. Microscopy, 104: 91-103

24. Interian-Ku, V. M.; M. A. Borja de la
Rosa; J. I. Valdez-Hernandez; E. Garcia-Moy;
A. Romero-Manzanares and H. Vaquera-
Huerta. 2011. Caracteristicas Anatomicasy
Propiedades Fisicas De La Madera De
Caesalpinia Gaumeri Greenm En Dzan,
Yucatdn [Anatomical Characteristics and
Physycal Properties of Wood of Caesalpinia
Gaumeri Greenm In Dzan, Yucatan]. Maderay
Bosques 17(2), 23-36. DOI:
10.21829/myb.2011.1711152

25. Jayawickrama, K. J. S.; S. E Mackeand; J.
B. Jeet and E. A. Wheeler. 2011. Data of
Earlywood-Latewood Transition in



Iraqgi Journal of Agricultural Sciences —2021:52(3):589-600

Aree & et al.

Provenances and Families of Loblolly Pine,
And Its Relationship to Growth Phenology and
Juvenile Wood Specific Gravity. Canadian
Journal of Forest Research. 27. 10.1139/cjfr-
27-8-1245

26. Korkut, S. and B, Guller. 2008. Physical
and Mechanical Properties of European
hophornbeam (OstryacarpinifoliaScop.).
Bioresource Technol., 99,4780p

27. Kuzsella , L. and 1. Szabo. 2007. The
Effect of the Compression on the Mechanical
Properties of Wood Material. In Materials
Science Forum 537 — 38, 41 — 45

28. Leal, S.; V. Sousa and H. Pereira. 2012.
Cork oak (Quercus suber L.) Wood
Hygroscopic Properties And Dimensional
Stability. Forest Systems 21(3), 355-363. DOI:
10.5424/s/2012213-02104

29. Miranda, I. and H. Pereira. 2002. Variation
of Pulpwood Quality with Provenances and
Site in Eucalyptus globulus. Ann For Sci
59:283-291

30. Morais, M. C., and H. Pereira. 2007.
Heartwood and Sapwood Variation in
Eucalyptus globulus Labill. Trees at the End of
Rotation for Pulpwood Production. Ann For
Sci 64: 665-671

31. Muller-Landau, H. C. 2004. Interspecific
and Inter-Site Variation in Wood Specific
Gravity of Tropical Trees. Biotropica, 36, 20—

32. https :/l doi.org/10.1111/j.1744-
7429.2004.th002 92.x
32. Nawrot, M.; W. Pazdrowski and M.

Szymanski. 2008. Dynamics of Heartwood
Formation and Axial and Radial Distribution
of Sapwood and Heartwood in Stems of
European Larch (Larix decidua Mill.). J. For.
Sci. 54: 409-417

33. Niemiec, S. S.; G. R. Ahrens; S. Willits
and D. E. Hibbs. 1995. Hardwood of the
Pacific Northwest Research Contribution 8,
Collage of Forestry, Research Laboratory,
Oregon State University

34. Panshin, J. A. and C. D. Zeeuw. 1980.
Textbook of Wood Technology. Volume 1.
Structure, Identification, Uses, and Properties
of the Commercial Woods of the United States
and Canada. “th ed. Mc Graw, hill Book Co.,
New York. 722pp

35. Pérez Cordero, L. D. and M. Kanninen.
2003. Heartwood, Sapwood and Bark Content,
And Wood Dry Density of Young and Mature

599

Teak (Tectona grandis) Trees Grown in Costa
Rica. Silva Fennica 37(1): 45-54

36. Quilho, T.; I. Miranda and H. Pereira.
2006. Within-Tree Variation in Wood Fiber
Biometry and Basic Density of the Urograndis
Eucalypt Hybrid (Eucalyptus Grandis x E.
urophylla), IAWA J., 27(3): 243-254

37. Quintanar, 1. A. V. M. A. Jacobo; B. C.
Lépez; H. N. Flores; P. A. T. Jaramillo and O.
C. De la Paz Pérez. 2012. La Madera de Trema
micrantha (L.) Blume de Veracruz, México
[Wood of Trema micrantha (L.) Blume from
Veracruz, México],” Madera y Bosques 18(2),
73-91. DOI: 10.21829/myb.2012.182353

38. Rodriguez, A. R.; A. A. M. Ramirez; J. H.
Palacios; T. F. J. Fuentes; G. J. A. Silva and C.
A. R. Saucedo. 2015. Caracteristicas
Anatémicas, Fisico-Mecéanicasy De
Maquinado De La Madera De Mezquite
(Prosopis velutina Wooton) [Anatomical,
Physical-Mechanical and Machining
Characteristics of the Wood of Velvet
Mesquite (Prosopis Velutina Wooton)],”
Revista Mexicana de Ciencias Forestales
6(28), 156-173.DOI: 10.29298/rmcf.v6i28.257
39. Ruiz-Aquino, F.; L. Luna Bautista; A. E.
Luna Bautista; W. Santiago-Garcia; L. F.
Pintor-lbarra and J. G. Rutiaga-Quinones.
2020. Anatomical Characterization, Physical,
and Chemical Properties of Wood of Quercus
macdougallii Martinez, Endemic Species of
the Sierra Juarez of Oaxaca, Mexico," BioRes.
15(3), 5975-5998

40. Sallenave, P. 1955. Propriétés Physiques et
Méchaniques des Bois Tropicaux de I"Union
Francaise, Centro  Technique Forestier
Tropical, Nagent, Sur-Marme.====41.
Shahbaz S. E. 2010. Trees and Shrubs, Afield
Guide to the Trees and Shrubs of Kurdistan
Region of Irag, Duhok University. First
edition, University of Duhok publication.
N0.2232/12/2009

42. Shahbaz, S. E.; A. H. Balo and J. MT.
Hameed. 2005. Phenotypic Variation in
Natural Stands of Quercus aegilops
(Fagaceae) in Duhok province. Journal of
Duhok University, 8 (2), 1-9.

43. Sinnolt, E. W. 1960. Plant Morphogenesis.
New York, MC-Graw-Hill

44. Sonmez, T.; S. Keles and F. Tilki. 2007.
Effect of Aspect, Tree Age and Tree Diameter
on Bark Thickness of Picea orientalis.



Iraqgi Journal of Agricultural Sciences —2021:52(3):589-600

Aree & et al.

Scandinavian Journal of Forest Research,
22(3), 193-197

45. Stein, W. 1. 1990. Quercus garryana
(Dougl. ex Hook.): Oregon White Oak. In:
RM. Bums & B.H. Honkala (Technical
Coordinators), Silvics of North America, Vol.
2.  Hardwoods:  650-660.  Agriculture
Handbook 654, Forest Service, United States
Department of Agriculture, Washingon, D.C
46. Tashani, A. F. and H. A. Y. Faraj. 2020.
Morphological and Some Wood Properties of
Juniperus oxycedrus Subsp. Macrocarpa in
Derna Region, East Libya. Libyan Journal of
Ecological & Environmental Sciences and
Technology (LJEEST). 2(1):18 — 26

47. Véazquez-Gavifa, Y.; L. I. Guridi-Gémez
and J. G. Rutiaga-Quifiones, J. G. 2010.
Posibilidades De Uso De 98 Maderas Para El
Proceso De Pulpeo Kraft, Con Base A Sus
indices De Calidad De Pulpa [Possibilities of
Using 98 Woods for the Kraft Pulping Process,
Based on their Pulp Quality Indexes], Revista
Ciencia Nicolaita 52, 87-102

48. Villasefior-Araiza, J. C. and Rutiaga-
Quifiones, J. G. 2000. La Madera De La
Casuarina Equisetifolia L., Quimica E indices
De Calidad De Pulpa [The Wood of Casuarina
Equisetifolia L., Chemistry and Pulp Quality
Indexes], Madera y Bosques 6(1),29-40. DOI:
10.21829/myb.2000.611340

600

49. Viheré-Aarnio A. and P. Velling. 2017.
Growth, Wood Density and Bark Thickness of
Silver Birch Originating From the Baltic
Countries and Finland in Two Finnish
Provenance Trials. Silva Fennica vol. 51 no. 4
article id 7731.p.18. https://  doi.org/
10.14214/sf.7731

50. Younis, A. J. and M. K. Hassan. 2019.
Assessing Volume of Quercus Aegilops L.
Trees In Duhok Governorate, Kurdistan
Region Of Iragq. Journal of University of
Duhok., (22)1 (Agri. and Vet. Sciences), 265-
276

51. Zhang, S. Y.; G. Nepveu and R. Eyono
Owoundi. 1994. Intratree and Intertree
Variation in  Selected Wood Quality
Characteristics of European oak (Quercus
petraea and Quercus robur). Can. J. For.
Res.24:1818-1823

52. Zhang, S. Y. and Y. Zhong. 1991. Effect
of Growth Rate on Specific Gravity of East
Liaoning Oak (Quercus liaotungensis) wood.
Can. J. For. Res. 21: 255- 260.

53. Zobel, B. and J. Talbert. 1994. Técnicas de
Mejoramiento Genético De Arboles Fores-
Tales [Genetic Improvement Techniques for
Forest Trees], LIMUSA, México, D. F

54. Zobel, B. J. and J. P. van Buijtenen. 1989.
Wood Variation: Its Causes and Control.
Berlin, Heidelberg, New York Springer-
Verlag. Pp.363.




