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Abstract: The African rosewood (Pterocarpus erinaceus)is an endemic timber across West Africa. However,its
lumber is extremely exploited and threateneddue toits high performance and technological qualities. Coppiced wood
contributes sustainably to the management of natural forest stands byaugmentingregular timber supply.P.
erinaceustissues and their proportions were determined from the Transverse, Radial and Tangential Sections. Its
wood is diffuse-porous with no or indistinct growth ring boundary. It has simple-to-minutely bordered pits, tyloses
in vessel lumina, with prismatic crystals existing in chambered axial parenchyma. Thick-walledfibres constitute the
greatest proportion of the tissues.Fibre proportion was greater for non-coppiced wood than the coppiced,which
decreased up their stems [i.e., 57+1, 55+0.6, 52+0 % (sapwood) and 60+1.2, 5742, 55+0.3 % (heartwood) for non-
coppiced and 52+0.6, 52+0, 50+0.3 % (sapwood) and 57+1, 53+0, 50+0.3 % (heartwood) for coppiced
respectively].Their sapwood and heartwood vessel and parenchyma percentages increased up their boles. Vessel
lumen diameter was greater for non-coppiced trees (92+1.2-126+2um) than the coppiced (91+0.6-117+£3um).
However, both have small-medium size vessels(91+0.6-126x2um). Coppiced P. erinaceusxylem anatomy compares
satisfactorily with that from the non-coppiced and those of several well-known hardwoods appreciated for furniture
and construction works. Thus, the coppiced wood wouldsupplement its non-coppiced counterpart forconstructionand

other related industrial applications.
Key word: Coppiced wood,diffuse porous,fibre proportion,prismatic crystal, secondary xylem,tylose.

Introduction

Tropical forests are endowed with multiple products and services, which meet the needs of human populations.
Globally, there is surgingdemand for timber and non-timber forest productssuch that exploitative activities of forests

have reached a worrying level to the extent that sustainability has become disputed® 2. Yet, anthropogenicactivities
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(e.g., deforestation, illegal timber harvesting, agriculture, overgrazing and bush fires), in addition to the adverse
effects of climate change, threaten many indigenous plant species of enormous importance?, which put them at the
risk of extinction. Desertification has long been documented as a key environmental hazard with adverse effects on
the livelihoods of people in the affected regions. Sub-Saharan Africa will lose two-thirds of its arable lands by 2025
if strategies are not put in place to curb desertification* °. In response to this, the search for sustainable options in
order to adapt or mitigate the afore-mentioned problems is paramountinmeeting the restoration needs of natural
stands of timber species as well as the fight against climate change. An essential aim of forest regeneration currently

is for carbon sequestration® and revival of degraded forests, which conserve vulnerable ecosystems.

Coppicing is one of the oldest forestry systems worldwide’. Coppices were usually used as a source of firewood
until their present conversion to high forests owing to the increasing demand for quality timber® °.It is a system of
woodland management whereby harvested trees (mostly hardwoods) are allowed to re-grow from the stumps or
roots. Coppicing allows second timber rotation without replanting; it lessens regeneration costs and increases the
regular supply of timber'® 112 P, erinaceus, locally called Kpatro/Krayie in Ghana, coppices well*® and its products
could be utilized for wood construction and engineering. P. erinaceus is widely exploited as timber and service
wood, and it is also used as one of the preferred fuelwoods®. It has been projected to be the most heavily traded
tropical hardwood in the world'® owing to its high performance and technological characteristics. It is not only
exploited for timber traded internationally but also for a wide spectrum of non-timber products including food,
fodder, medicinal products, coupled with raw materials for crafts such as tannins, dyes, sap, resin, among others'*.
The natural stands of P. erinaceus are greatly exploited, which brings heavy pressure on the species and habitat.
Besides, illegal and uncontrolled logging of the species, linked to international trade, has become the major threat

over the years.

Globally, its supply is poor due to over-exploitation across West Africa, which represents the world’s leading
rosewoodproducing region. In 2016, this region accounted for 80% by volume of all rosewood log exports to
China?. The vicious exploitation is not expected to slow down anytime soon, as China and Asia’s middle classhas
increased demand for rosewood-made furniture!®. The consequences of uncontrolled exploitation of the species
could lead to changes in its population structure and composition, with possible detrimental effect on regeneration

capacity and loss of socioeconomic services to livelihoods. Accordingly, many countries (including Ghana) have
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enacted total ban on its harvesting and trade. Its over-exploitation in the savanna zones of Ghana led to the re-
imposition of the ban on its harvesting, processing and export'’.Yet, illegal trade of the timber lingers on?® because
transportation or processing isoften in direct defiance of local, national and/or international laws'®. Although
evidence of illegal wood trading and logging has repeatedly been presented, inefficient conservation strategies and
practices continue largely unabated®: 21, While the large variation in wood properties among different non-coppiced
resources is well documented, often little or no information is accessible for the quality of wood from coppiced trees
in particular vis-a-vis that from the originally-planted timber®,Wood qualitybetween non-coppiced and coppiced
wood of Eucalyptustereticornisrevealed that both kinds of wood could be utilized for similar purposes such as

furniture, heavy construction, framing, flooring and wood composites (e.g., plywood and veneer)?.

Wood (Secondary xylem) anatomy is fundamental in the study of wood science, forestry and tree eco-physiology.
Investigating its cellular composition is crucial for understanding the structure properties and the structure-function
relationships?® 24 25 Specific characteristics (e.g. fibre anatomy) must be considered in order to use wood
effectively?®. 27 and® explained that understanding wood anatomy is required for efficient processing and
development of wood-based products. It also offers an effective approach for timber screening and diagnosis®.
However, variability in wood characteristics for timbers exists, which influences its utilization. Thus, information
relating to wood anatomy could be employed to predict its service utilization. P. erinaceus, appreciated for
construction due to its durability and beautiful grain, sprouts well. Yet, information on the wood quality from its
coppiced wood is sparse.This has contributed to the over-harvesting of the non-coppiced timber, which is being
currently threatened.Fibres from coppiced Betula pubescenswere found to be longer and wider than their parent

trees®.

Xylem anatomy within coppiced and non-coppiced P. erinaceusstems was assessed so as to boost the utilization of
the coppiced wood, lessen the over-exploitation of the non-coppiced timber, and ensure the regular supply of the

wood to sustain the Timber-related Industries.

Materialand Methods
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2.1 Sample preparation

Clear wood specimens of coppiced and non-coppiced P. erinaceustrees of 20-30 years old (diameter at breast height
of 30-35 cm) were sampled from the natural forest of the Kumawu Forest District atAmidu,Ashanti Region, Ghana.
Billets (2m) were removed from three axial stem positions: the butt (1.3m aboveground), middle (50% of stem
height) and crown (2m to branch attachment). They were sawn and the slabs divided to obtain boards from the

heartwood (about 5 cm from the pith) and sapwood (about 25 cm from the pith)at the three axial stem positions.

2.2 Anatomical studies of coppiced and non-coppiced P. erinaceusboles

The methodology for anatomical features adopted the IAWA List of Microscopic features for hardwood
identification®!. Wood sections were prepared from the sapwood and heartwood of the butt, middle and top of the
stem of each timber for the determination of tissue (i.e., fibre, vessel, radial and axial parenchyma) proportions and

vessel lumen diameter.

2.2.1 Wood sectioning

Wood specimens (about 2 cm?®) from the sapwood and heartwood of the butt, middle and top portions of coppiced
and non-coppiced P. erinaceus were softened by boiling and immersed in distilled water®? %3 Transverse, Tangential
and Radial sections (20-30um thick) were sliced with a microtome knife and stained with Safranin red. They were
successively washed in ethanol with increasing concentrations of 50, 95 and 100%, while any excess stains were
removed®®. The sliced sections were mounted in Canada balsam on glass slides, oven-dried and examined under
light microscope [x10 eye piece, x4 Objective lens] at the Anatomy Laboratory of the Forestry Research Institute of
Ghana (FORIG), the Council for Scientific and Industrial Research (CSIR). Images were captured randomly at 5

different locations on each slide with Micron (USB2) at a scale of 400p.

2.2.2 Determination of tissue proportions and vessel lumen diameter

A 35-point scale grid with an area of 936144um? per point was laid on each image using the Image J Software. The
number of points that covered the tissues (i.e., fibre, vessel, ray and axial parenchyma) was counted and expressed
as a percentage of the total points (i.e., 35). This represented the proportion (%) of each tissue in the wood®!. Vessel
lumen diameter was deduced from the Transverse Sections (TS) of micrographs with the aid of calibrationacross the

inner walls of the vessels.
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2.3Data analysis

Data on the anatomical properties were subjected to Analysis of Variance (ANOVA) to determine the significant
differences (p<0.05) between the proportions of the different tissues from theradial and the axial stem positions ofP.
erinaceus. The significant differences (p < 0.05) between the means were also determined using the Least
Significant (LSD).

Results

3.1 Anatomical characteristics

3.1.1 Description of the anatomy of coppiced and non-coppiced P. erinaceus

P. erinaceus is diffuse-porous wood with no or indistinct growth ring boundary. Vessels in tangential bands; solitary
with simple perforation plates, and lumina blocked with tyloses (Plates 1 and 2). Fibres simple to minutely bordered
pits, non-septate and thin- to thick-walled. Paratracheal axial parenchyma: winged-aliform, confluent in narrow
bands or lines up to three cells wide (Plates 1 and 2). All rays storied, exclusively uniseriate and procumbent (Plates

3, 4, 5 and 6), Prismatic crystals existing in chambered axial parenchyma (Plates 3 and 4).
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Plate 1: Transverse Section of coppiced P. erinaceus heartwood (a), sapwood (b), with vessels (V), fibres (F), ray
parenchyma (RP), winged-aliform axial parenchyma (AP) and tyloses (arrowed). Scale bar = 400 um.

Published by: Longman Publishers www.jst.org.in Page 85|27


http://www.jst.org.in/
http://www.jst.org.in/

Journal of Science and Technology
ISSN: 2456-5660 Volume 7, Issue 03 (MAY 2022)

www.jst.org.in 7 _ DO/:https://di.org/10.4235t.2022.v7. i03.pp80-106

.'_.: S ane
» Tates e300 23
g

Plate 2: Transverse Section of non-coppiced P. erinaceus heartwood (a), sapwood (b), with vessels (V), fibres (F),
ray parenchyma (RP), winged-aliform axial parenchyma (AP) and tyloses (arrowed). Scale bar= 400 pum.
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Plate 3: Radial Longitudinal Section of coppiced P. erinaceus heartwood (a), sapwood (b), with fibres (F),
procumbent ray parenchyma (RP), axial parenchyma (AP) and prismatic crystals (arrowed) in chambered axial

parenchyma. Scale bar = 400 um.
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Plate 4: Radial Longitudinal Section of non-coppiced P. erinaceus heartwood (a), sapwood (b), with vessels (V),
fibres (F), procumbent ray parenchyma (RP), axial parenchyma (AP) and prismatic crystals (arrowed) in chambered

axial parenchyma. Scale bar = 400 pm.
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Plate 5: Tangential Longitudinal Section of coppiced P. erinaceus heartwood (a), sapwood (b), with vessels (V),
fibres (F), ray parenchyma (RP) and axial parenchyma (AP). Scale bar= 400 pum.
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Plate 6: Tangential Longitudinal Section of non-coppiced P. erinaceusheartwood (a), sapwood (b), with vessels (V),
fibres (F) and ray parenchyma (RP). Scale bar= 400 pum.
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3.1.2 Vessel lumen diameter

Vessel diameter along the boles of the two trees types was greater for non-coppiced trees [i.e., 120£1.2, 121+0.3,
11942 pm (for sapwood) and 100+0.3, 126+2, 92+1.2 um (for heartwood)] than the coppiced [i.e., 112+4, 102+1,
11743 um (for sapwood) and 91+0.6, 104+2.3, 11342 um (for heartwood)]. Significant differences (p<0.05) existed
between the vessel diameters from the coppiced and non-coppiced trees. Significant differences (p<0.05) also
existed between vessel diameters along the stem height for both tree types (i.e., coppiced and non-coppiced). The
differences in the vessel lumen diameter were significant (p<0.05) between those from the heartwood and the

sapwood along each bole (Table 1).

Table 1: ANOVA for vessel diameter within the boles of coppiced and non-coppiced P. erinaceus

Source of variation Df SS MS F-value P-value
Axial position 2 355.389 18.07 18.07 <.001™
Radial position 1 1034.694 105.22 105.22 <.001™
Tree type 1 406.694 406.694 41.36 <.001™
Axial*Radial position 2 966.722 483.361 49.16 <.001™
Axial*Tree type 2 1412.389 706.194 71.82 <.001™"
Radial*Tree type 1 84.028 84.028 8.55 0.007™
Axial*Radial*Tree type 2 322.389 161.194 16.39 <.001™"
Error 24 236.000 9.833
Total 35 4818.306

"Significant: P(<0.001) < 0.05; "Significant: P(0.007) < 0.05.
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Fig. 1: Vessel diameter within the boles of coppiced and non-coppiced P. erinaceus

3.1.3 Tissue proportions

The number of fibres generally decreased up the stem. Thus, the butt for each stem recorded the greatest amount,
followed by the middle and the crown. The proportion of fibres radially decreased from the heartwood to the
sapwood in both stems. Fibre content for the non-coppiced tree from the respective base to the crown were greater
[i.e.,, 5741, 55+0.6, 52+0 % (sapwood) and 60+1.2, 57+2, 55+0.3 % (heartwood)] than those from the coppiced [i.e.,
5240.6, 5240, 50+0.3 % (sapwood) and 57+1, 53+0, 50+0.3 % (heartwood)] (Fig 2). The differences were

significant (P<0.05) (Table 2).

In general, the coppiced trees recorded greater Axial Parenchyma (AP) than their non-coppiced counterparts. There
was an increase in AP from the butt to the crown from the coppiced [i.e., 2903, 30+0, 30+0.3 %(sapwood) and
29+0.3, 30+0.3, 30+0.6 % (heartwood)] and the non-coppiced [i.e., 28+0.3, 29+0.3, 30+1.2 % (sapwood) and
27+0.6, 29+1.3, 29+0.2 % (heartwood)]trees respectively (Fig. 2); the differences were significant (P<0.05) (Table
3). An increasing trend of AP towards the periphery of stems was recorded in the radial position although no
significant differences(P>0.05) existed between them. There was a general axial increase in Ray Parenchyma (RP)

from the base to the crown,and radial increase from theheartwood to the sapwood for the coppiced wood [i.e.,
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4+0.1,5+0.3 7+1.2% (for the heartwood) and 6+0.3, 7+1.2, 8+0.6 % (for the sapwood)] and the non-coppiced [i.e.,
4+0.3, 6+0.2, 7+0 % (for the heartwood) and 7+0.2, 8+£0.1, 7+0.3 % (for the sapwood)] respectively (Fig. 2); the
amount of RP significantly varied along the axial stem direction (Table 4). No significant differences (p>0.05)
existed between the proportion of RP from the radial stem direction. Significant difference (p<0.05) existed between

the amount of RP from the coppiced and non-coppiced trees (Table 4).

The number of vessels generally increased from the butt to the crown/top; the difference was significant (p<0.05)
(Table 5). The quantity increased from the heartwood to the sapwood [i.e., 4+0.1, 5+0.3, 7+1.2 and 6+0.3, 7+1.2
8+0.6 (for coppiced tree) and 4+0.3, 6+0.2, 7+0 and 7+0.2, 840.1, 7+0.3 (the non-coppiced wood) respectively]
(Fig. 2); the differences were significant (p<0.05). No significant difference (p>0.05) existed between the percentage

of vessels from the coppiced and non-coppiced trees (Table 5).

Table 2: ANOVA for the amountof fibres within the coppiced and non-coppiced P. erinaceusboles

Source of variation Df SS MS F-value P-value
Axial position 2 130.667 65.333 38.56 <.001™
Radial position 1 32.111 32.111 18.95 <.001™
Tree type 1 106.778 106.778 63.02 <.001™
Axial*Radial position 2 14.889 7.444 4.39 0.024"
Axial*Tree type 2 3.556 1.778 1.05 0.366
Radial*Tree type 1 0.111 0.111 0.07 0.800
Axial*Radial*Tree type 2 8.222 4.111 243 0.110
Error 24 40.667 1.694

Total 35 337.000

E
Significant: P(<0.001) < 0.05; "Significant: P(0.024) < 0.05
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Table 3: ANOVA for the amount of Axial Parenchyma within the coppiced and non-coppiced P. erinaceusboles

Source of variation Df SS MS F-value P-value
Axial position 2 21.875 10.937 10.86 <.001™
Radial position 1 1.174 1.174 0.291 0.291
Tree type 1 14.062 14.062 13.97 0.001™
Axial*Radial position 2 1.264 0.632 0.63 0.542
Axial*Tree type 2 0.875 0.438 0.43 0.653
Radial*Tree type 1 0.007 0.007 0.01 0.935
Axial*Radial*Tree type 2 0.264 0.132 0.13 0.878
Error 24 24.167 1.007

Total 35 63.688

o,

Significant: P(<0.001) < 0.05; “Significant: P(0.001) < 0.05

Table 4: ANOVA for theamount of Radial Parenchyma within the coppiced and non-coppiced P. erinaceusboles

Source of variation Df SS MS F-value P-value
Axial position 2 10.0139 5.0069 5.50 0.011"
Radial position 1 2.5069 2.5069 2.76 0.110
Tree types 1 24,1736 24.1736 26.57 <001
Axial*Radial position 2 1.7639 0.8819 0.97 0.394
Axial*Tree type 2 1.8472 0.9236 1.02 0.377
Radial*Tree type 1 2.5069 2.5069 2.76 0.110
Axial*Radial*Tree type 2 6.7639 3.3819 3.72 0.039
Error 24 21.8333 0.9097

Total 35 71.4097

"Significant: P(<0.001) < 0.05; "Significant: P(0.011) < 0.05
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Table 5: ANOVA for the amount of vessels within the coppiced and non-coppiced P. erinaceusboles

Source of variation Df SS MS F-value P-value
Axial position 2 30.5000 15.2500 16.76 <.001™
Radial position 1 14.1878 14.1878 15.60 <.001™
Tree type 1 0.1878 0.1878 0.21 0.654
Axial*Radial position 2 3.1089 1.5544 171 0.202
Axial*Tree type 2 0.9756 0.4878 0.54 0.592
Radial*Tree type 1 0.2500 0.2500 0.27 0.605
Axial*Radial*Tree type 2 1.1667 0.5833 0.64 0.535
Error 24 21.8333 0.9097

Total 35 72.2100

"Significant: P(<0.001) < 0.05
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Fig. 2: Tissue proportion within the boles of coppiced and non-coppiced P. erinaceus
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4. Discussion

4.1 Anatomical characteristics of Pterocarpus erinaceus

4.1.1 Anatomical description of P.erinaceus wood

P. erinaceuswood is diffuse-porous with absent or indistinct growth ring boundary. It has thick-walled fibres with
simple to minutely bordered pits, tyloses and prismatic crystals in its vessels and chambered axial parenchyma
correspondingly (Plates 1-6). Anatomical description of the wood belonging to theFamily Fabaceae-Papilionoideae
is being diffuse-porous®* 3. Wood with indistinct or no growth ring boundaries are alsoone of the characteristics of
tropical trees®® %, Its thick-walled fibres would make it suitable for wide range of applications from light to heavy
construction and enhance its processing, as extremely thick-walled fibresusually pose processing challenges
including sawing difficulty. However, the wood would be suitable for veneering, cabinetry, railway sleepers, mine
props, flooring, paneling and furniture manufacturing. Besides, the simple to minutely bordered pits together with
the thin-thick-walled fibres would ensure efficient application of chemicals (e.g., adhesives), which ensures effective
bonding of wooden membersfor furniture and joinery as well as fibre-based products®”. However, its wood deposits
(e.g., crystals, tyloses) may influence the suitability of wood species for particular end-uses such as wood
composites (e.g., plywood, veneer), building construction, pulp and paper and furniture®® . For instance, prismatic
crystals pose processing challenges such as blunting effects on saws and cutting tools*®, whiletyloses impede the
penetration of chemicals into wood, rendering it impermeable to adhesives and preservatives®. *° and “? explained
that the profusion of tyloses in G. arborea made it very resistant to preservative penetration and retarded the setting
of cement most, among eight wood species used for wood-cement composites. Moreover, such wood deposits make
chip impregnation during pulping very difficult, which leads to poor penetration, drastic cooking and low pulp yield
with high reject content, in addition to ultimate bleaching challenges*®. Nonetheless, their presence (e.g., tyloses)
would affect water movement in trees and substantially impede the movement of wood deteriorating organisms by
blocking the vessel lumina** “°. Hence, the timber from the coppiced and non-coppiced P. erinaceus trees would
have the inherent ability to resist the activities of bio-deteriorating organisms due to the presence of tyloses and
crystals in them'® %6, Moreover, crystals could add a shining appearance on wooden products when profuse, which

may partly explain the rich hue of P. erinaceus®.
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4.1.2 Vessel lumen diameter of coppiced and non-coppiced P. erinaceus

The non-coppiced trees recorded greater vessel diameters (92+1.2-126+2 %) along their boles than those from the
coppiced trees (91+0.6-117+3 %). Even so, most diffuse-porous hardwoods have vessels<200 um(47). Thus, the
vessel lumen diameter values recorded for the coppiced and non-coppiced trees conform to this finding for diffuse-
porous woods. Wider vessel diameters were recorded generally for the sapwoods [i.e., 11244, 102+1, 117+3 (from
the coppiced tree) and 120+1.2, 121+0.3, 119+2 (from the non-coppiced tree) than for the heartwood [i.e., 91+0.6,
104+2.3, 113+2 (from the coppiced tree) and 100+0.3, 126+2, 92+1.2 (from the non-coppiced tree)] along the boles
of both tree types. This is in concurrence with the previous studies by*®and #°, which acknowledged that vessel
lumina increased in size from heartwood (i.e., dead xylem tissue) to sapwood (i.e., active xylem tissue) of trees.
Molecular changes (e.g., cell division) and physiological changes (including transpiration and assimilation) that
occur in the vascular cambium during cell differentiation could be responsible for the differences in vessel lumen
diameter between heartwood and sapwood®® 5. Axial variation of vessel lumen diameter did not show any clear
trend. Wood could modify their vessel characteristics in order to adjust to the rate of water conduction®2. Besides,
typical requirements for mechanical support>® >%and different types of stem construction®could lead to varying
trends of vessel composition and distribution in timbers. Moreover, the differences between the coppiced and non-

coppiced P. erinaceus trees could be due to their inherent physiological and genetic properties®®.

The size of vessel lumina influences the water conduction efficiency of timber®” %, Albizia ferruginea was observed
to have great water uptake capacity owing to its large vessel lumina (300 pm)%. However, wider vessels reduce
wood density and make timber unsuitable for production of paper and solid-wood products (e.g., railway sleepers,
parquet flooring)®. As formerly reported by? for fibre lumina, wide vessels additionally absorb more moisture into
their cavities thereby creating favourable environment for bio-degraders including decay fungi*'. Thus, coppiced and
non-coppiced P. erinaceus trees would not be most susceptible to the above-mentioned menace of extremely wide
vessel diameters.Large vessel diameters are also unfavourable for paper-making since they present more defects in
refining and printing processes and pose problems in the finishing of solid wood products®2. Nonetheless, large
vessels ensure effective penetration of cooking liquor during pulping, which alone is not sufficient to enhance better
paper qualities. Thus, coppiced wood is expected to have better paper properties than its respective non-coppiced

counterpart®®, However, their vessel lumen diameters are both ranked small to medium?® &4,
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4.1.3Tissue proportions within the boles of coppiced and non-coppiced P. erinaceus

4.1.3.1The percentage of fibres

The respective fibre percentage for non-coppicedP. erinaceus from the base to the crown of the trees were greater
[i.e., 571, 55+0.6, 52+0 % (for sapwood) and 60+1.2, 57+2, 55+0.3 % (for heartwood)] than those from the
coppiced [i.e., 52+0.6, 52+0, 50+0.3 % (for sapwood) and 57+1, 5310, 50+0.3 % (for heartwood)]. The amount of
fibres generally decreased up the stem and was greater for heartwood than its corresponding sapwood. (Fig. 2). The

differences were significant(p<0.05).

Usually, coppiced trees grow faster than the non-coppiced®: 8. Thus, the differences in growth characteristics exist
for such tree types and may cause some variations in their formation, which ultimately affect their wood properties®”
%, Moreover, inherent physiological and genetic properties of the two tree types could account for the differences in

their fibre proportions®,

Juvenile wood is often related with shorter fibres, thinner cell walls and greater microfibril angles than its mature
wood (69). It is formed under the conditions of apical meristem action on the cambium in the stems of both
softwoods and hardwoods™ ™. With age, butt ends of stems are away from the crown and are no longer affected by
the apical meristem. Thus, away from the juvenile wood zone, wood cells with characteristics of mature wood (e.g.,
great fibre content), are formed at the butt'> "*.Similarly, the decrease in fibre content from the butt to the crown of
both coppiced and non-coppiced P. erinaceuscould be attributed to the variation in mature and juvenile wood

characteristics along their boles.

Radial variation is the best known and most studied within tree variability, which is normally reflected as radial
pattern of change in wood characteristics of juvenile and mature woods’. A radial decrease in fibre proportion from
the heartwood to the periphery (i.e., the sapwood) was established by our study for P. erinaceustimbers. Molecular
changes (e.g., cell division) and physiological changes (e.g., transpiration and assimilation),which occur in the

vascular cambium during cell differentiation could be responsible for the differences recorded in fibre proportions
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between the sapwood and the heartwood for both trees®® 5. It could also be attributed to the wood’s inherent

variability.

Fibre content generally decreases from the pith to the periphery and from the butt up the tree height’s.Fibres are,
thus, expected to be greater at the butt than at the crown and in the heartwood than the sapwood of a tree. Fibre
proportion is related to mechanical properties™. These include the compressive strength, Modulus of Rupture
(MOE) and Modulus of Elasticity (MOR), shear and tensile strengthsas well as hardness. Great wood density is the
result of greatcontent of thick-walled fibres’™. Coppiced and especially non-coppiced P. erinaceus trees are,
therefore, expected to have acceptable density since they recorded great amounts of thick-walled fibres and would
be suitable for engineering applications such as cabinetry, furniture construction, framing, railway sleepers, mine
props, wood composites, and flooring.Similarly,Carya ovata, utilized for such applications, has been found to

contain great fibre content®®,

4.1.3.2 The percentage of parenchyma

For both Axial and Ray Parenchymacells, coppiced trees recorded greater values than their non-coppiced
counterparts with an axial increase from their butt to crown positions (Fig. 2). Both cells radially increased from
heartwood to sapwood although the variation was not significant (p>0.05).The differences in axial and ray
parenchyma cells between the coppiced and non-coppiced P. erinaceus trees could be due to their inherent
physiological and genetic properties®, and also changes in juvenile and mature wood properties. In general, butt
positions are away from the actions of the apical meristem, which influence juvenile wood production. Thus, away
from juvenile wood zones, wood cells with mature characteristics (e.g., less amount of parenchyma cells) are
produced’. However, environmental and genetic factors could also contribute to the variation in axial and ray

parenchyma cells!? %,

Both axial and ray parenchyma cells are apparently concerned with physiological functions, which include the
storage of nutrients or heartwood formation in trees™. Nonetheless, non-fibrous tissues (e.g., parenchyma) pose
various problems in paper-making to the extent that greater amounts negatively influence paper quality”™. Too many
parenchyma cells cause “fines” in pulp,which lead to slow machine drainage and effluent difficulties’®. Moreover,

non-fibrous cells cause low timber density”, which was confirmed for Liquidambar formosana and Turraenthus
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africanus. Ray and axial parenchyma cells could also cause substantial damage and drying defects to wood
including splitting and cracking’®. Therefore, coppiced and non-coppiced P. erinaceus trees are expected to produce
high pulp yield and resist problems of “fines” since fibres formed the greatest proportion of all the tissues. Besides,
they would have densities of acceptable mechanical properties suitable for applications where strength is a
fundamental requirement such as railway sleepers, building construction, flooring, furniture production and mine
props, among others. They would also resist problems of dimensional instability in service, as their parenchyma
cellsare relatively low. Greater amount of carbohydrates (e.g., starch) could lead to early growth of micro-
organisms, which renders wood highly degradable and inferior in quality®. The lower amounts of carbohydrates for
heartwoods along the coppiced and non-coppiced P. erinaceus boles could increase the service-lives of their

products by limiting the activities of wood deterioratingorganisms.

4.1.3.3The percentage of vessels

The number of vessels increases with tree height because of increased physiological activities at those portions?3 8.,
The percentage of vessels generally increased from the butt to the top/crown for the two P. erinaceustree types (Fig.
1), which conforms to erstwhile studies** 8. The number of vessels wasgreater in the P. erinaceussapwood than in
the heartwood [i.e., 6+0.3, 7+1.2 8+0.6 and 4+0.1, 5+0.3, 7£1.2 respectively (for coppiced tree) and 7+0.2, 8+0.1,
7+0.3 and 4+0.3, 6+0.2, 7+0 respectively (for non-coppiced tree)], which supports the trend similarly observed®® &,
Coppiced trees recorded fewer vessels than their non-coppiced counterparts but there were no significant differences

(p>0.05) between them (Table 5).

Tropical trees modify the distribution of their vessels to acclimatize different stem construction, mechanical strength
and their requirement for sufficient water supply®> 3+ %, The number of vessels in wood influences its utilization and
the occurrence of several vessels together can reduce the density and mechanical properties of timber but ensure
efficient water conduction®. Besides, the dominance of vessels in wood is not suitable for paper-making. Fewer
vessels of coppiced and non-coppiced P. erinaceus compares well with Carya ovata (6.5%)% and, hence, would

have considerable mechanical properties for decorative paneling, furniture construction, flooring, mine props,
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railway sleepers, among others. They would also be suitable for pulp and paper manufacturing, as their fewer

vessels are desirable for production®.

5. Conclusion

v" P. erinaceus wood is diffuse-porous with no or indistinct growth ring boundary. It has tyloses and prismatic
crystals in its vessel lumina and chambered axial parenchyma respectively, which arethe characteristics
typical to tropical hardwoods of the family Fabaceae.

v Thick-wall fibres constitute the greatest proportion of all P. erinaceus wood tissues, which would make it
dense, strong and durable against bio-deteriorating organisms.

v' The timber contains deposits (e.g., tyloses and prismatic crystals), which would create problems for liquid
movement, chemical preservation, paper making and wood processing.

v' The non-coppiced trees recorded morefibres [i.e., 5741, 55+0.6, 520 % (in the sapwood) and 60+1.2,
5742, 55+0.3 % (heartwood)] than their respective coppiced counterparts [i.e., 52+0.6, 5240, 50+0.3 %
(sapwood) and 57+1, 53+0, 50£0.3 % (heartwood)].

v" Heartwood fibreswere greater than those in sapwood, and in the butt than in the crown. The differences
were significant (P<0.05). These wood types would be suitable for both solid wood products where strength
is an important requirement andfibre-based products, asthey would have acceptable densities.

v' The coppiced trees recorded greater axial parenchyma than the non-coppiced. Increase in axial
parenchymaexisted from the butt to the crown from coppiced [i.e., 29+03, 30£0, 30+0.3 % (sapwood) and
29+0.3, 30+0.3, 30+0.6 % (heartwood)] and non-coppiced [i.e., 28+£0.3, 29+0.3, 30£1.2 % (sapwood) and
27+0.6, 29+1.3, 29+0.2 % (heartwood)] trees. Nevertheless, both trees recorded minimum levels, which
would resist against biodegraders in service.

v" Ray parenchyma increased axially up the stem,and radially from the heartwood to the sapwood for the
coppiced wood [i.e., 4%£0.1, 5+0.3 7+1.2 % (for heartwood) and 6+0.3, 7+1.2, 8+0.6 % (for sapwood)] and

the non-coppiced [i.e., 4+0.3, 6+0.2, 70 % (for heartwood) and 7+0.2, 8+0.1, 7+0.3 % (for
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sapwood)].These levels fall within the utilizable limits for various end-uses as far as natural durability is
concerned.

v' The number of vessels generally increased up the stem; it was greater for sapwood than heartwood [i.e.,
6+0.3, 7£1.2 8+0.6 and 4+0.1, 5+0.3, 7+1.2 (for coppiced) and 7+0.2, 8+0.1, 7+0.3 and 4+0.3, 6+0.2, 70
(for non-coppiced) respectively]. No significant difference (p>0.05) existed between those in the coppiced
and non-coppiced.The vessel proportions recorded for these two wood types are also acceptable for solid-
wood and fibre-based products.

v" Vessel diameter was greater for the non-coppiced trees [i.e., 120£1.2, 121+0.3, 119+2 (for sapwood) and
100+0.3, 126+2, 92+1.2 pum (for heartwood)] than the coppiced [i.e., 112+4, 102+1, 117+3 (for sapwood)
and 91+0.6, 104+2.3, 113+2 (for heartwood)].Both have small-medium size vessels and are appropriate for
solid-wood and fibre-based product manufacturing.

v' Wood anatomical propertiessuch as vessel lumen diameter, percentage fibres, parenchyma cells, and
vessels for coppiced and non-coppiced P. erinaceustrees are within the utilizable limit for hardwoods

famed for furniture, fibre-based products, structural applications and other uses.

v' Xylem anatomy from coppiced and non-coppiced trees are comparable and the former could, thus,
supplement the latter in the famed applications for which the non-coppiced trees are known for.
v" Coppicing should be promoted for timbers, which have the capacity to (e.g., P. erinaceus) to contribute to

the production of enough raw materials to sustain the Timber Industry.

6. Acknowledgement
We thank the Staff of the Kumawu Forest Districtof theForestry Services Division (FSD),Kumawuin the Ashanti
Region,Ghana, for the provision of the Pterocarpus erinaceusPoir. (rosewood) trees for the study. We also
acknowledge the assistance of the Staff of CSIR-Forestry Research Institute of Ghana (FORIG), Fumesua, Kumasi,

for the anatomical studies.

References

[1]Oudba, P. (2006). Flora and vegetation of the classified forest of Niangoloko south-west of Burkina Faso. University of Ouagadougou.

Published by: Longman Publishers wWww.jst.org.in 103 | 27


http://www.jst.org.in/
http://www.jst.org.in/

Journal of Science and Technology
ISSN: 2456-5660 Volume 7, Issue 03 (MAY 2022)

www.jst.org.in DOl:https://doi.org/10.46243/jst.2022.v7.i03.pp80-106

[2]Kossi, A., Towanou, H., Habou, R., Novinyo, S. K., Elikplim, A. K. Nathalie, J. B., and Kouami, K. (2019). Challenges of
conservationand sustainable management of African rosewood (Pterocarpus erinaceus) in West Africa. In Natural Resources Management
and Biological Sciences. IntechOpen.

[3]Gouwakinnou, G. N., Lykke, A. M., Assogbadjo, A. E., &Sinsin, B. (2011). Local knowledge, pattern and diversity of use of

Sclerocaryabirrea. Journal of ethnobiology and ethnomedicine, 7(1): 1-9.
[4]Albalawi, E. K., and Kumar, L. (2013). Using remote sensing technology to detect, model and map desertification: A review. Journal of
Food, Agriculture & Environment, 11(2): 791-797.
[5]Agyemang, 1., and Abdul-Korah, R. (2014). Strategies to combat desertification in Northern Region of Ghana: The role of Environmental
Protection Agency. Physical Sciences Research International, 2(2): 35-43.
[6]Kirkinen, J., Minkkinen, K., Penttil4, T., Kojola, S., Sievanen, R., Alm, J. and Savolainen, 1. (2007). Greenhouse impact due to different
peat fuel utilisation chains in Finland—a life-cycle approach. Boreal Environment Research, 12(2).

[7]Fujimori, T. (2001). Ecological and silvicultural strategies for sustainable forest management. Elsevier.

[8]HédI, R., Kopecky, M., and Komarek, J. (2010). Half a century of succession in a temperate oakwood: from species-rich community to
mesic forest. Diversity and Distributions, 16(2): 267-276.

[9]Martin, S., Daniel, V., Aytekin, E., and Radim, M. (2015). The effect of coppice management on the structure, tree growth and soil
nutrients in temperate Turkey. Journal of Forest Science, 61(1): 27-34.

[10]Whittock, S. P., Greaves, B. L. and Apiolaza, L. A. (2004). A cash flow model to compare coppice and genetically improved seedling
options for E. globuluspulpwood plantations. Forest Ecology and Management, 191:267-274.

[11]Zbonak, A., Bush, T. and Grzeskowiak, V. (2007). Comparison of tree growth, wood density and anatomical properties between coppiced
trees and parent crop of six Eucalyptus genotypes. IUFRO-Improvement and Culture of Eucalyptus, Pp. 1-10.

[12]Anthonio, F. &Antwi-Boasiako, C. (2017). The characteristics of fibres within coppiced and non-coppiced Rosewood (Pterocarpus
erinaceusPoir.) and their aptness for wood-and paper-based products. Pro ligno, 13 (2): 27-39

[13]0rwa, C., Mutua, A, Kindt, R., Jamnadass, R. and Anthony, S. (2009) Agroforest tree Database: a tree reference and selection guide

version 4.0. World Agroforestry Centre, Kenya. http://www.gbif.org/species/5349317. (Accessed 21/04/ 2016).
[14]Kokou K, Nuto Y, and Atsri H.(2009). Impact of charcoal production on woody plant species in West Africa: A case study in Togo.
Scientific Research and Essays, 4(9):881-893

[15]Dumenu, W. K. and Bandoh, W. N. (2014). Situational Analysis of P.erinaceus (Rosewood): Evidence of Unsustainable Exploitation in
Ghana? First National Forestry Conference 16-18 September 2014, Kumasi.

[16]Duvall, C. S. (2008) Pterocarpus erinaceusPoir. Prota, 7(1).

[17]Coleman, H. (2014). Situation of global Rosewood production and trade-Ghana Rosewood Case Study, Timber Industry Development
Division, Forestry Commission, Ghana.

[18]Hoare, A. (2015). Tackling Illegal Logging and the Related Trade: What Progress and Where Next? Chatham House.

[19]Tacconi, L., Cerutti, P. O., Leipold, S., Rodrigues, R. J., Savaresi, A., To, P. X., and Weng, X. (2016). Defining illegal forest activities

and illegal logging.

[20]Sutherland, W. J. and Wordley, C. F. (2017). Evidence complacency hampers conservation. Nature ecology and evolution, 1(9), 1215-

1216.

[21]de Loyola Eisfeld, R., Arce, J. E., Sanquetta, C. R., and Braz, E. M. (2019). Is it forbidden the wood use of Araucaria angustifolia? An
analysis on the current legal budget. Floresta, 50(1): 971-982.

[22]Sharma, S. K., Rao, R. V., Shukla, S. R., Kumar, P., Sudheendra, R., Sujatha, M. and Dubey, Y. M. (2005). Wood Quality of Coppiced

Eucalyptus tereticornisfor VValue Addition. IAWA Journal, 26(1): 137-147.

[23]Carlquist, S. (2001). Comparative wood anatomy: systematic, ecological, and evolutionary aspects of dicotyledon wood, 2nd Edn. Springer,
Berlin.

[24]Baas, P., Ewers, F. W., Davis, S. D., and Wheeler, E. A. (2004). Evolution of xylem physiology. In The evolution of plant physiology (pp.
273-295). Academic Press.

[25]Kitin, P., Hermanson, J. C., Abe, H., Nakaba, S., and Funada, R. (2021). Light microscopy of wood using sanded surface instead of

slides. IAWA Journal, 1(aop), 1-14.
[26]Miller, R. B. (1999). Characteristics and availability of commercially important woods. Wood handbook: wood as an engineering material.
Madison, WI: USDA Forest Service, Forest Products Laboratory. General technical report FPL; GTR-113: PP. 1.1 - 1.34.

[27]Cox, M. (2004). Domestic And Export Marketing Prospects for Small-Scale Growers In NorthQueensland. Proceedings of the Conference on
marketing of farm-grown timber in tropical North Queensland at the University of Queensland, Brishane, Australia on 18 June 2003, 149-
155.

[28]Uetimane, Jr. E., Terziev, N. and Daniel, G. (2009). Wood anatomy of three lesser known species from Mozambique. IAWA Journal, 30

(3): 277-291.

[29]das Neves Brandes, A. F., Novello, B. Q., de Lemos, D. N., do Nascimento, L. B., Albuquerque, R. P., Tamaio, N., and Barros, C. F.
(2020). Wood anatomy of endangered Brazilian tree species. IAWA Journal, 41(4), 510-576.

[30]Luostarinen, K., Huotari, N. and Tillman-Sutela, E. (2009). Effect of regeneration method on growth, wood density and fibre properties

of downy birch (B. pubescensEhrh.). Silva Fennica 43(3): 329-338.

Published by: Longman Publishers wWww.jst.org.in Page 104 | 27


http://www.jst.org.in/
http://www.jst.org.in/

Journal of Science and Technology
ISSN: 2456-5660 Volume 7, Issue 03 (MAY 2022)

www.jst.org.in DOl:https://doi.org/10.46243/jst.2022.v7.i03.pp80-106

[31]IAWA. (1989). International Association of Wood Anatomists (IAWA). List ofMicroscopic Features for Hardwood ldentification; by an
IAWA Committee. Eds. Wheeler, E. A., Baas, P. and Gasson, P. E., Published by the IAWA at the Rijksherbarium, Leiden, Netherlands.
IAWA bulletin n.s, 10(3):219-332.

[32]Jansen, S., Kitin, P., De Pauw, H., Idris, M., Beeckman, H. and Smets, E. (1998). Preparation of wood specimens for transmitted light
microscopy and scanning electron microscopy. Belgian Journal of Botany, 41-49.

[33]Wan-Mohd-Nazri, W., Jamaludin, K., Rudaini, M. H., Rahim, S. and Nor, Y. M. Y. (2012).Anatomical Properties of Leucaena
leucocephala Wood: Effects on Oriented Strand Board.Research Journal of Forestry, 6(3): 55-65.

[34]Grubben, G.J. (2004). Plant Resources of Tropical Africa (PROTA) (Vol. 1). PROTA

[35]MacLachlan, I. R. and Gasson, P. (2010). PCA of CITES listed Pterocarpus santalinus (Leguminosae) wood. IAWA Journal, 31(2): 121-
138.

[36]Coulson, J. (2011). Wood in Construction: How to Avoid Costly Mistakes. John Wiley & Sons. 208 pp.

[37]Pizzi, A. and Mittal, K. L. (2011). Wood Adhesives. CRC Press, 452 pp.

[38]Oluyege, A. O. (2007). Wood: A versatile material for national development. Akure: Federal University of Technology

[39]Adeniyi, I. M., Areghan, S. E., Alao, O. J., Salaudeen, G. T. and Falemara, B. C. (2012).Deposits in Wood Micro-Structures of Some
Wood Species. Mediterranean Journal of SocialSciences, 3(15): 203-208.

[40]Lemmens, R. H. M. J. (2008).KhayaivorensisA.Chev. [Internet] Record from PROTA4U. Louppe, D., Oteng-Amoako, A.A. & Brink, M.
(Editors). PROTA (Plant Resources of Tropical Africa /Ressourcesvégétales de 1’Afriquetropicale), Wageningen, Netherlands.
<http://www.prota4u.org/search.asp>. (accessed on 18/011/16).

[41]Antwi-Boasiako, C. and Apreko-Pilly, S. (2016). Tissue Dimensions and Proportions of the Stem and Branch Woods of
Aningeriarobusta(A. Chev) and Terminalia ivorensis(A. Chev). African Journal of Wood Science and Forestry. ISSN 2375-0979 Vol. 4 (8),
pp. 254-273.Available online at www.internationalscholarsjournals.org © International Scholars Journals.

[42]Oyagade, A. O. (1994). Compatibility of some tropical hardwood species with portland cement. Journal of Tropical Forest Science, 6(4):

387-396.
[43]Foelkel, C. (2007). Vessel elements and eucalyptus pulps. Eucalyptus online book andnewsletter. Sponsoring Organizations: BOTNIA.

[44]Ali, C. A. (2011). Physical-Mechanical Properties and Natural Durability of Lesser Used Wood Species from Mozambique. Thesis (PhD).
Swedish University of Agricultural Sciences. 60 pp.

[45]Moore, J. (2011). Wood properties and uses of Sitka spruce in Britain. Forestry Commission Research Report. Forestry Commission,

Edinburgh.

[46]Bandoh, W. K. N. (2016).Tissue culture regeneration potential of African rosewood in Ghana: Institutional variables and implications for
sustainability (Masters Dissertation, KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY-KUMASI). Pp. 103.

[47]Bhat, K.M., P.B. Priya and P. Rugmini (2001).Characterisation of juvenile wood in teak. Wood Science Technology. 34: 517-532.

[48]Hemsley, A. R. and Poole, I. (Eds.). (2004).The Evolution of Plant Physiology (No. 21). Academic Press.

[49]Rao, R.V., Sujata, M. and Hemavathi, T. R. (2003). Radial variation in anatomical properties of plantation grown T. undulata. Journal of
Tropical Forest Products, 9(1-2):68-76.

[50]Plomion, C., Leprovost, G. and Stokes, A. (2001). Wood formation in trees. Physiology, 127: 1513-1523.

[51]Roger, M. R., Mario, T. F. and Edwin, C. A. (2007). Fiber morphology in fast growth G. arborea plantations. Madera y Bosques, 13(2):3-
13.

[52]Zanne, A. E., Westoby, M., Falster, D. S., Ackerly, D. D., Loarie, S. R., Arnold, S. E. and Coomes, D. A. (2010). Angiosperm wood
structure: global patterns in vessel anatomy and their relation to wood density and potential conductivity. American Journal of Botany,
97(2): 207-215.

[53]Preston, K. A., Cornwell, W. K. and DeNoyer, J. L. (2006). Wood density and vessel traits as distinct correlates of ecological strategy in
51 California coast range angiosperms. New Phytologist, 170(4): 807-818.

[54]Sperry, J.S., Meinzer, F.C. and McCulloh, K.A.(2008). Safetyand efficiency conflicts in hydraulic architecture: Scalingfrom tissues to
trees. Plant, Cell & Environment,31:632—645.

[55]McCulloh, K.A., Sperry, J.S. and Alder, F.R. (2004). Murray’s law and the hydraulic vs mechanical functioning of wood. Functional
Ecology, 18: 931-938.

[56]1zekor, D. N. and Fuwape, J. A. (2011). Variations in the anatomical characteristics of plantation grown Tectona grandis wood in Edo
State, Nigeria.Archives of Applied Science Research, 3(1): 83-90.

[57]1Zimmermann, M. H. (1982). Functional xylem anatomy of angiosperm trees. In: P. Baas (ed.), New perspective in wood anatomy, 1: 59-70.

[58]Antwi-Boasiako, C. and Atta-Obeng, E. (2009). Vessel-Fibre Ratio, Specific Gravity andDurability of Four Ghanaian Hardwoods. Journal

of Science and Technology, 29(3): 8-23.

[59]Quartey, A. G. (2009). Relationships between some anatomical, physical and durability properties ofthe wood of some lesser utilised
Ghanaian hardwoods. PhD thesis, Kwame Nkrumah University ofScience and Technology, Kumasi-Ghana. 166 pp.

[60]Savidge, R. A. (2003). Tree growth and wood quality. In: Barnett, J. R. and Jeronimidis, G. (eds) Wood Quality and its Biological Basis.
Blackwell Publishing, Oxford, 1-29.

[61]Antwi-Boasiako, C. and Ayimasu, A. (2012). Inter-family variation in fibre dimensions of six tropical hardwoods in relation to pulp and

paper production. Pro Ligno, 8(2):19-36.

Published by: Longman Publishers wWww.jst.org.in 105 | 27


http://www.jst.org.in/
http://www.jst.org.in/

Journal of Science and Technology
ISSN: 2456-5660 Volume 7, Issue 03 (MAY 2022)

www.jst.org.in DOl:https://doi.org/10.46243/jst.2022.v7.i03.pp80-106

[62]Kasia, Z., Butler, D.W., Gleason, S.M., Wright, 1.J. and Westoby, M. (2013).Fibre wall and  lumen fractions drive wood density
variation across 24 Australian angiosperms. AoB PLANTS,5:1-14.

[63]Lundqvist, S. (2002). Efficient wood and fiber characterization - A key factor in research and operation. Annals of Forest Science, 59: 491 -
501.

[64]Wagenfihr, R. (1980).Anatomie des Holzes. Fachbuchverlag Leipzig: 377pp.

[65]Kauppi, A. (1988). Sprouting in birches. A morphological and ecophysiological approach. Department of Botany, University of Oulu. Acta
Universitatis Ouluensis, Series A 209. 32 pp.

[66]Hytonen, J. and Kaunisto, S. (1999). Effect of fertilization on the biomass production of coppiced mixed birch and willow stands on a cut-
away peatland. Biomass and Bioenergy, 17: 455-469.

[67]Lantican, C. B. (1976). Quality control should start in the woods. Asian Forest Industries Yearbook. Pp. 2324-7374.

[68]Alipon, M. A. and Bondad, E. O. (2011). Comparative strength and related properties of yemane (Gmelina arboreaRoxb.) coppice and

planted stand. Philippine Journal of Science, 140(2):231-238.
[69]Moya, R. &Tomazello, M. (2007). Relationship between anatomical features and intra-ring wood density profiles in Gmelina arborea
applying x-ray densitometry. Cerne, 13(4), 384-392.

[70]Zobel, B. J. and Van Buijtenen, J. P. (1989). Wood Variation: Its Causes and Control. Springer, New York, USA, 363 pp.
[71] Nawrot, M., Pazdrowski, W., Walkowiak, R., Szymanski, M. and Kazmierczak, K. (2014). Analysis of coniferous species to identify
and distinguish juvenile and mature wood. Journal of Forest Science, 60(4): 143-153.

[72] Anoop, E. V., Jijeesh, C. M., Sindhumathi, C. R. &Jayasree, C. E. (2014). Wood physical, anatomical and mechanical properties of big
leaf mahogany (Swietenia macrophyllaRoxb) a potential exotic for South India. Research Journal of Agriculture and Forestry Sciences.
ISSN, 2320, 6063

[73] Isebrands, J. (1972). The proportion of wood elements within Eastern cotton wood. WoodScience, 5 (2): 139-146.

[74]Bodig, J.and Jayne, B. A. (1982). Mechanics of wood and wood composites. VVan Nostran-Reinhold Co, Inc., New York, NY.

[75]Wiedenhoeft, A. (2010). Structure and Function of Wood, Chapter 3, Wood handbook — Wood as an engineering material, General
Technical Report FPL-GTR-190, Madison, WI: U.S., Department of Agriculture, Forest Service, Forest Products Laboratory, 508 pp.

[76]Hon, D. N. and Shiraishi, N. W. (2001). Cellulosic Chemistry. New York: Marcel Deckker.

[77]Kpikpi, W. M. (1992). Wood structure and paper making potentials of Ricinodendronheudelotii and Albizia zygia in relation to Gmelina
arborea in Nigeria. Journal of Botany. 5: 41-50.

[78] Klungness, J. H., &Sanyer, N. (1981). Hardwood pulp utilization: separation of nonfibrous oak components. Tappi Journal, 64(2).

[79]Damayanti, R. and Rulliaty, S. (2010). Anatomical properties and fibre quality of five potential commercial wood species from cianjur west

java. Journal of Forestry Research, 7(1): 53-69.

[80]Rao, R. V., Aebischer, D. P., Denne, L. (1997). Latewood density in relation to wood fiber diameter, wall thickness, and fiber and vessel
percentages in Quercus roburL.IAWAJournal,18:127-138.

[81]Luizon, C. D. L. and Gasson, P. (2012). Anatomical comparison of original and regrowth wood from coppiced and
pollardedPoincianellapyramidalistrees in the Caatinga of Pernambuco, Brazil. IAWA Journal, 33 (1): 63-72.

[82]1shiguri. F., Hiraiwa, T., lizuka, K., Yokota, S., Priadi, D., Sumiasri N. and Yoshizawa N. (2009). Radial variation of anatomical
characteristics in Paraserianthesisfalcataria inlndonesia. IAWA Journal, 30 (3): 343 - 352.

Published by: Longman Publishers wWww.jst.org.in 106 | 27


http://www.jst.org.in/
http://www.jst.org.in/

