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Abstract

Currently most of oil palm trunks in Thailand are left on the field to rot or are burnt in the field, not utilized as lumber. To
promote such value-added uses, the objective of this study was to characterize the levels and variation within oil palm trunks
of their key mechanical properties. In addition, the vascular bundle population was assessed, because this structural
characteristic affected density and mechanical properties. The key ones being here were modulus of rupture (MOR), modulus
of elasticity (MOE), and hardness. The 25 years old oil palm trunks were selected from a palm plantation in Surat Thani
Province, in southern Thailand. The trees were cut down at 500 mm above ground, cut into dices, then sawn into small pieces
in radial direction. Vascular bundle populations and basic densities were determined. Oil palm lumber was sawn from the logs
between wood dices, and their mechanical properties were determined. The results indicated that the vascular bundle
population density gradually decreased towards the central axis of trunks, and the population density positively correlated
with basic density and mechanical properties. This was because the main component of a vascular bundle has fibers with
thick cell walls. The data obtained may help select or create products that match the properties of oil palm wood (Elaeis

guineensis Jacq.), or contributed to the sorting of wood raw material based on, for example, machine vision.
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Introduction

Oil palm trees (Elaeis guineensis Jacq.) are important
non-forest agricultural plants that may provide alternative
raw material for the wood industries. In Thailand, oil palm
plantation areas have expanded from 329,120 hectares in
2003 to 690,560 hectares in 2012, providing palm oil for
food and renewable energy. More than 90% of total
plantation area in Thailand is in its southern peninsular part,
especially in Surat Thani, Krabi, and Chumphon provinces
(Office of Agricultural Economics 2012). When the oil palm
trees are past their economic life at 25 to 30 years old, the
trunks are usually in the range of 15 to 18 meters in height
and 45 to 60 centimeters in diameter. They are felled to
make room for replanting, and normally left to rot or burnt
down in the field (Katemanee 2006). Presently, oil palm
trunks are not a raw material for wood industries, due to low
density and poor mechanical properties compared to other
commercial wood species from agro-forestry, such as
rubberwood (Ratnasingam and Loras 2010). An oil palm
trunk contains 31.70% to 47.30% cellulose, 21.20% to
34.40% hemicelluloses, and 18.40% to 29.60% lignin (Kaida
et al. 2009; Yuliansyah et al. 2010; Chin et al. 2010; Verman
and Saka 2011). The middle and core parts of trunk are
12.19% to 17.17% starch and it has high free sugar in sap
(Yamada et al. 2010; Hashim et al. 2011). Especially in
Thailand, these glucose based reserves in oil palm trunks
have been studied for fermentation to produce bio-ethanol
and hydrogen renewable energy (Punsuvon et al. 2005;
Hniman et al. 2011). However, the oil palm wood taken from
the bottom peripheral zone of stem can be used in furniture
and in  non-structural  construction  components
(Ratnasingam and Loras 2010). Previous studies reported

that the utilization of oil palm wood as lumber or laminated
wood was difficult, because the product quality was affected
by variation of physical and mechanical properties within
trunk (Ratnasingam et al. 2008; Feng et al. 2011). The oil
palm tree is a monocotyledon, and its main structure
consists of vascular bundles embedded in parenchyma
cells. The vascular bundles are the mechanical support and
serve as a conduits for the transportation of water and
nutrients in the trunk. Their number density per volume
decreases towards the axial center, and increases in the
trunk from the ground towards top of the tree (Erwinsyah
2008). Therefore, the objective of this study was to clarify
the relation of vascular bundle population density with basic
density and some mechanical properties of oil palm wood.
The results may help rapidly estimate the mechanical
properties of oil palm wood samples, and help with such
selective use of oil palm wood that the quality control
problems mentioned above are ameliorated.

Materials and Methods

Qil palm trees of 25 years of age were harvested
from a local plantation in Surat Thani Province, in southern
Thailand. The trees were cut down at 500 mm above
ground, and cut into 60 mm thickness dices alternating with
1 m logs, as shown in Fig. 1. The oil palm dices were sawn
into long pieces in the radial direction from pith to bark of
trunk, 60 mm wide in tangential, and stored in plastic bags
to avoid loss of moisture. The vascular bundle population
density and the basic density were determined from these
pieces. The logs between wood dices were sawn to lumber
for mechanical property testing.
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Figure 1. A schematic illustration of conversion of an oil palm trunk to the samples studied for vascular bundle population

density, basic density, and mechanical properties.

The green oil palm woods which cut from dices were
photographed from trunk axis to bark, using a stereo
microscope, and the vascular bundles were counted from
the images. Then, the same wood samples were cut to
small 20 mm (tangential) x 20 mm (radial) x 25 mm
(longitudinal) pieces to determine basic density profile,
similarly from axis to bark. These green samples were
measured in radial, tangential, and longitudinal directions
with a digital caliper to the nearest 0.01 mm, weighed to
nearest 0.01 g, and oven-dried at 103+2°C to constant
weight. Finally, the oven-dry weights to the nearest 0.01 g
were determined after cooling in desiccator. The basic
density was calculated from the ratio of the oven-dry weight
(g) and volume in green condition (cm3).

Oil palm logs were sawn into 50 mm thick lumber
using a polygon sawing pattern (Bakar et al. 2006), to
separate the wood to inner, middle, and outer zones, that
match the distribution of vascular bundles. The green
lumber was air dried to a moisture content of 8-12%, and
then planed and cut to 20 mm (tangential) x 20 mm (radial)
x 300 mm (longitudinal) samples for static bending (modulus
of rupture, MOR and modulus of elasticity, MOE), and to 20
mm (tangential) x 20 (radial) x 60 mm (longitudinal) samples
for Janka type hardness test. All samples were conditioned
in ambient 20°C temperature and 65% relative humidity until
equilibrium moisture content, before the mechanical
properties were determined using a universal testing
machine. The testing of mechanical properties followed BS
373 standard (BS 373 1957) with slight modifications.
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Results and Discussion

Microphotography of wood anatomy, using a stereo
microscope, showed that the vascular bundles were
unevenly distributed across the trunk, and surrounded by
parenchyma cells. The population density increased radially
from 23 Vplcm? at the axial center to 115 Vp/cm? near bark,
and varied by height along the trunk. The graph in Fig. 2
indicates a close relationship between this number density
and basic density that increased from 0.11 glcm? at the
center to 0.40 g/cm3 near bark. The vascular bundles were
mostly fibers with thick cell walls, and this thickness was
8.08 um at 2 m height. In addition, the thin walled
parenchyma cells have a higher moisture content
(Erwinsyah 2008; Fatimah et al. 2012). Therefore, the oven-
dry weight of oil palm wood at high percentage of vascular
bundles was high after they loosed the water in cell. This
was the reason for the strong correlation with basic density.

The results in Fig. 3 showed that the overall
mechanical properties of oil palm wood improve outwards
from the axis. The average modulus of rupture, modulus of
elasticity, and hardness of outer zone had the highest
values at 26.20 MPa, 4861.49 MPa, and 1342.10 kg,
respectively. Those properties were, in the same order,
decreased to 8.76 MPa, 1711.39 MPa, and 486.10 kg for
the middle zone, and further to 5.73 MPa, 516.53 MPa, and
223.60 kg for the inner zone. The areal number density of
vascular bundles in the outer zone ranged from 68 Vp/cm?
to 115 Vplem?, and in the middle and inner zones from 44
Vplem2 to 58 Vplem? and from 23 Vplcm? to 40 Vp/cmz,
respectively.
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Figure 2. Microphotographs of inner, middle, and outer zones (a), and the relationship of radial profiles of vascular bundle
density and basic density of oil palm wood, at various heights along the trunk (b).
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Figure 3. Modulus of rupture, Modulus of elasticity (a), and Hardness (b) of oil palm wood in inner, middle, and outer zones of
the trunk.

Conclusions

The basic density and mechanical properties (static
bending and hardness) of oil palm wood strongly correlated
positively with the areal number density of vascular bundles.
The data suggest that quick estimation of oil palm wood
mechanical characteristics could be partly based on this
areal number density. Such characterization could assist in
rapid selection and avoiding destructive testing of the best
parts of il palm trunks for specific applications, for example
by sorting based on machine vision.
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