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ABSTRACT

The existing preservation methods are difficult to be applied to a large dimension log which is needed for making
traditional wooden ship ‘Jalur’ in Riau Province. Novel techniques to provide the use of readily available species to
replace traditional species alternative were investigated. These included infusion and a combination of injection and
bandage-wrapping methods for preserving living trees of Balam (Macaranga conifera (Rchb.f. & Zoll.) Miill.Arg.) and
Bintangor (Calophyllum soulattri Burm.f.). Water-based boron compounds were applied as wood preservatives. In total,
18 discs from the bottom, middle, and top of four trees and two controls were used. Trees undergoing treatment were
also used to see how wood anatomical structure might affect the boron penetration. The overall aim was to identify the
best method for use in Jalur manufacturing. The results showed that in infused Balam tree where the hose position
for the preservative intake was deep (10-15 cm from the bark), no boron compound was observed in the outer sapwood.
Combination of injection and bandage-wrapping method gave higher percentage of boron penetration at bottom and middle
of Balam tree. However, infused Bintangor showed 100% boron penetration. The larger vessel diameter, the absence
of tyloses, and the simple perforation plates in Bintangor wood were likely to have contributed to the higher penetration
of boron. The combination of bandage-wrapping and infusion, or alternatively by infusing the living trees close to the
bark, and at as low as position in the stem gives better protection when treatments are applied to living trees.

Keywords: living tree preservation, wooden ship, cell dimension, axial direction, radial movement, sap flow

1. INTRODUCTION tion is a cultural tradition of people in Kuantan Singin-

gi Regency, Riau Province, Indonesia, and become im-

‘Pacu Jalur’ is a rowing boat racing competition us- portant because the performance of ‘Jalur’ reflects the
ing traditional wooden boats. The boat, named ‘Jalur’, community’s identity (Sribudiani et al., 2019). Wood
is made from a big and long log. This racing competi- used for ‘Jalur’ is only available from natural forests.
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The people of Kuantan Singingi Regency usually use
commercially durable and strong wood species from
Dipterocarpaceae family. In the traditional Jalur ma-
king, the wood has minimum diameter of 100 cm and
minimum length of 30 m as it has to accommodate
70 rowers.

In the last five years, desirable timber for Jalur man-
ufacturing is scarce and difficult to obtain. The diffi-
culties in sourcing raw materials could result in an un-
desirable loss of community traditions. For that rea-
son, alternative wood species need to be found to sub-
stitute existing ones to ensure that community tradi-
tions can be maintained. Among some alternative
wood species which are still commonly available in
the Kuantan Singingi Regency are Balam (Macaranga
conifera (Rchb.f. & Zoll.) Miill.Arg.) and Bintangor
(Calophyllum soulattri Burm.f.) (Sribudiani et al.,
2019). However, these common species have low natu-
ral durability (Classes 1I-IV), with a service life ranging
from 2-5 years (Abdurrohim et al., 2006; Martawijaya
et al., 2005; Seng, 1990; Soerianegara and Lemmens,
1994; Sosef et al., 2008). The use of these wood spe-
cies particularly in the water reduce their service life.
Thus, to improve the wood durability, a preservative
treatment is needed. Fadillah et al. (2014) and Hadi et
al. (2018) reported that preservative agents increased
the service life of the timber and improved natural du-
rability of woods against bio-deterioration attacks.

It has been well known that there are two preserva-
tive treatment processes, i.e. pressure impregnation
and non-pressure treatment. The preservative treatment
by pressure is applied for water solution of inorganic
preservative, i.e. boron (Obanda et al., 2008; Rabbi
et al., 2015). This method is very effective to obtain
high retention for inorganic preservative; however, the
disadvantages of this process are high initial costs for
the equipment as well as the energy costs (Rabbi et
al., 2015). The preservative treatment by non-pressure

is applied for water/oil solution of preservative agents

by dipping, brushing or spraying, and soaking. The ad-
vantage of this method is very easy in application, but
its disadvantage is not suitable for boron due to such
preservative is easy to leach (Kartal ef al., 2009; Rabbi
et al., 2015). In fact, boron preservative is still used
in Indonesia due to low cost and available in the
market. Moreover, the advantage of boron salts is that
they are soluble in the sap of living trees (Walker et
al., 1993). Therefore, in this study, we used boron
preservatives to increase the durability of Balam and
Bintangor for “Jalur” manufacturing.

As mentioned above, “Jalur” is manufactured using
a big and long log, thus, it is needed to find a suitable
method to preserve the woods for “Jalur”. An earlier
study reported that non-pressure treatment, for exam-
ple diffusion, is carried out in the green condition (sap
replacement), but it is difficult to be applied to a large-
dimension members (100 cm in diameter and 30 m
in length) as a large dip tank is required. Diffusion
treatment can be applied as part of the natural sap-
flow processes (Hansman et al., 2002). Modern pres-
sure treatment plants can accommodate the process,
but heavy equipment is needed to lift the tree-stems.
In preserving a dry log when the trees has already
been cut and begun to dry out, impregnation of the
wood with preservatives can cause large cracks, and
these cracks tend to extend deeper than the preserva-
tive penetration (Pang et al., 2017). Economically, the
process described is unreliable and expensive. A possi-
ble alternative approach is to apply chemical treatment
directly to the living tree. Such a preservation method
has not previously been attempted nor can it be ap-
plied in tree size material using current technology.
The aim of this study was to investigate treatment by
infusion and a combination of injection and ban-
dage-wrapping to treat chemically Balam and
Bintangor standing trees.

Various factors can influence the success of the

preservation treatment. The penetration of the preser-
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vative used and the anatomical structure of the wood
are of importance. Boron compounds have long been
used to preserve wood and have proven effective in
increasing wood durability (Cahyono et al., 2020).
Boron compounds were tested because the preserva-
tive has good efficacy when combined with wood vi-
negar (Arsyad et al., 2019), where a standing tree is
assumed to contain extractive compounds that are
acidic.

The anatomical structure of a wood is important in
determining the wood porosity, that is the ease of fluid
flow due to a pressure gradient (Panigrahi ef al., 2018;
Walker et al., 1993). Preservation is one of the most
important practices in wood processing technology to
enhance wood longevity in hostile environments; it
mostly depends on the wood porosity (Panigrahi et al.,
2018). The main flow paths are in the axial direction
and this is provided by the wood-vessels, their size,
number, and degree of occlusion. The frequency and
transverse dimensions of vessels have a significant ef-
fect on wood porosity (Baratina et al., 2014). The ves-
sel cells in hardwoods facilitate sap conduction
(Panshin et al., 1964), and when the preservative treat-

ment is applied to the living tree the vessels provide

the pathway to distribute the preservative. Sap ascend-
ing via the vessels passes from vessel element to the
next vessel element through openings or perforations
(Walker et al., 1993).

Degree of permeation of treatment compounds is
species dependent and is primarily axial (Panigrahi et
al., 2018). This study was conducted to investigate
factors which have a bearing on the treatment process
of Balam and Bintangor in living trees. Initial experi-
ments were conducted on smaller trees to find the best
treatment regime prior to its application to larger trees

for Jalur manufacturing.

2. MATERIALS and METHODS

2.1. Preservative treatments: Infusion
and combination of injection and
bandage—wrapping

Two standing trees of Balam (Macaranga conifera
(Rehb.f. & Zoll.) Miill.Arg.) and Bintangor (Calophyllum
soulattri Burm.f.) were treated with a boron compound
using the infusion method (Fig. 1) and combination of

injection and bandage-wrapping methods (Fig. 2). In the

Fig. 1. Treatment of standing trees using infusion method; four 15 mm diameter holes were made
at three meters above ground for injecting preservative into the live tree at depth 10-15 cm (A),
preservative (boron) solution was introduced using plastic hoses into the holes (B).
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Fig. 2. Treatment of standing tree using a combination of injection (above) and
bandage-wrapping methods (below); preservative injection is applied to the tree stem
under pressure. A: preparation of preservative solution; B: injection of preservative
solution into the living tree using a pump; C and D: preservative solution for
bandage-wrapping mixed with CMC (carboxymethyl cellulose) is applied to the living
tree; E: Experimental trees protected with wire.

infusion process, the boron compound was introduced
with a blue dye to indicate the degree of penetration.
Details of both techniques will be presented elsewhere.
Research was carried out at TAHURA Minas Siak
Regency for the injection and bandage-wrapping ap-
proaches, while the infusion methods were tested at
Hutan Larangan Adat Rumbio in Kampar Regency.
Preservative treatments at both locations were con-
ducted from April to August 2019, and wood anatomi-
cal study was carried out in September 2019 at the
Lignocellulose Anatomy Laboratory, Forest Products
Research and Development Centre. Each species was

represented by three trees.

2.2. Materials preparation

After felling, the sample trees were cross cut one
meter from the base to the top (clear of branches), in
order to investigate the axial movement. Infused trees
were cut after four months from the start of the treat-
ment (July 2019), that was when the solution was
completely absorbed, and the preservative liquid of the
infused stems was indicated by the colour indicator
in trees. The injected and bandage-wrapping treated
trees were cut after five months treatment (August
2019), that was when the trees were initially non-liv-

ing as indicated by the shed leaves.
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2.3. Detection of boron penetration and
retention

Three discs were taken each from the bottom, mid-
dle, and top for anatomical testing. Boron penetration
was detected using two reagents: 1) 2% curcuma in
ethanol, and 2) 20% HCI in ethanol saturated with sali-
cylic acid (usually 6-9 grams per 100 ml) (Djarwanto
and Sudradjat, 2002). The first reagent was sprayed
onto the transverse surface and temporarily aerated,
then followed by spraying with the second reagent un-
til both regents were dry. Boron penetration was in-
dicated by the presence of orange to red-purple colour
on the disk surface. To minimize the human error, au-
tomatic image processing was used to determine the

proportion of stain using ImageJ® freeware routines.

2.4. Wood anatomy observation and
measurement

The anatomical structure observations were made
along three radial positions, the sapwood, the heart-
wood, and the transition between them. Wood anatom-
ical observation was made by examining thin sections
that were prepared according to the botanical micro-
tehnique by Sass (1961) in Damayanti (2019). The
anatomical characteristics of wood both qualititavely
and quantitatively were examined based on features
recommended by the International Committee of the
Association of Wood Anatomists (Wheeler et al.,
1989). Cell dimension measurements (vessel lenght)
were carrried out on macerated cells prepared by
modified Franklin method as detailed in Damayanti
(2016).

2.5. Data analysis

A total of 135 single vessel cells in each tree were
measured using software provided by Zeiss Axio
Imager microscope. Measurement data were graphed
(Fig. 4, Fig. 6, and Fig. 7).

3. RESULTS and DISCUSSION

3.1. Boron penetration and retention

Penetration of boron compounds from infused trees
(Balam) is presented in Fig. 3. The dye acted as an
indicator for the boron solution distribution in the tree.
The preservative appeared to penetrate both sapwood
and heartwood of the Balam stem at the bottom level
(P1), showing that the preservative accumulated at the
tree base. It indicated that there was a downward flow
below the point where the liquid was infused. On the
upper disc at bottom (P2), the preservative is found
in sapwood, but stopped at the transition zone. The
transition zone is defined as ‘a narrow, pale-colored
zone surrounding some heartwoods and injured re-
gions, often containing living cells, usually devoid of
starch, often impermeable to liquids, with a moisture
content lower than the sapwood and sometimes also
the heartwood’ (Hillis 1987). Barnacle and Ampong
(1974) observed preservative problems associated with
the occurrence of a relatively wide zone of inter-
mediate wood nearly impermeable to treatment in
fence posts cut from 15 cm in diameter of 15-year
old un-pruned plantation grown Tecfona grandis trees.

However, the most outer zone of the disc (all sap-
wood) was devoid of colour indicating that there was
no outflow from the infusion position toward the bark
direction. A similar pattern was observed in discs from
the middle and the top (branch-free) portions of trees.
Preservative was also observed in the pith zone.

The result shown in the disks was consistent with
the infiltration pattern in the sawn timber in Fig. 3.
The sawn timber in each illustration shows the posi-
tion from the pith to the bark (right to the left). The
right-most and left-most of the sawn timbers are near
the bark. Away from the pith, the dye was not ob-
served; suggesting that the outer part of the stem, the
sapwood was clear, i.e., without preservative. It is ge-

nerally expected that functional sapwood is likely to be
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A

Fig. 3. Pattern of preservative penetration in infused Balam tree.

fully penetrated by the boron solution and that the
heartwood of most timber species is impermeable
thereby leading to limited mass flow during preserva-
tion. It may be that the normally conductive sapwood
was not functional or that the treatment material mi-
grated to the tree-leaves during continued sap flow.
Thus, it is worth to test the boron concentration in
the leaves. It is possible the remaining material was

retained in the non-sapwood zones.

Right side

A stronger indication was no radial outflow oc-
curred from the injection position where the boron so-
lution was infused, 10-15 cm depth, to the bark
direction. From the appearance of the transverse sec-
tion, the heartwood showed extremely low perme-
ability; the rate of liquid flow was low being con-
sistent with the findings of Ellwood and Ecklund
(2020). Ray tissue is not particularly efficient in radial
flow (Walker et al., 1993). Moreover, Mihilaka Forestry

- 518 -



The Movement of Boron Compound by Infusion Method and Combination of Injection and Bandage-Wrapping

120 4

100 -

1|):|0 l0
la 1b 1c 2a 2b 32 3b 3c 4a 4b

=20 -

S @
[=) o

Boron Penetration (%)
N
S)

Discs samples from bottom to the top (1-2 Balam; 3-4 Bintangor)

Fig. 4. Penetration of Boron compound in Balam and
Bintangor trees by infusion and combination of
injection and bandage-wrapping methods at different
heights.

Remarks: la=Infused Balam (H 1 m); 1b=Infused Balam (H
7 m); lc=Infused Balam (H 14 m); 2a=Bandaged Balam (H
1 m); 2b=Bandaged Balam (H 5 m); 2c=Bandaged Balam
(H 12 m); 3a=Infused Bintangor (H 1 m); 3b=Infused
Bintangor (H 4 m); 3c=Infused Bintangor (H 7 m);
4a=Bandaged Bintangor (H 2 m); 4b=Bandaged Bintangor
(H 6 m); 4c=Bandaged Bintangor (H 10 m); H = Height
(the proportional vertical position of the disc at bottom,
middle and top).

Service stated that preservatives can only get in from
the outside (Forestry Education Web Service, 2020).

Figs. 4 and 5 show the penetration of Boron com-
pound in Balam and Bintangor trees by infusion and
combination of injection and bandage-wrapping me-
thods at different tree heights bottom, middle, and top
of the tree. In the same species Balam but using a
different treatment method (combination of injection
and bandage-wrapping), the percentage of boron pene-
tration was higher at the bottom and middle areas than
that by the infusion method probably because the pre-
servative liquid uptake started from outside the xylem
(See Fig. 5A and Fig. 5B). On the other hand, treat-
ment compounds could not reach the top part of the
tree that is 12 m above ground (see Fig. 4), probably
because during the five months treatment, the boron
compound in the bandage-wrapping was drying out.
Scrapping away the phloem as shown in Fig. 2 also

gave rise to undesirable stem girdling which probably

led to a decrease the moisture content from the drying
out (Basri et al., 2015). This was confirmed by the
tree death within five months from the start of the
treatment. However, this procedure may will be useful
if there is a need to process dry logs for Jalur manu-
facturing. As sapwood is the least durable, thus by
combining infusion and bandage-wrapping or alter-
natively infusing living trees from the bottom near the
bark will work better to afford protection for Balam
wood.

Different behaviour was observed in Bintangor
trees. The infusion method gave 100% boron pene-
tration from bottom to the top part of trees. However,
the combination of injection and bandage-wrapping
gave rise to lower penetration, approximately 20%,
and with irregular penetration. The low penetration of
injected and bandage-wrapped Balam tree at different
heights of the trees might be caused by the drying out
of the boron paste during the treatment.

In the axial direction, the preservative was found
at the base and along the length of the tree including
the top. The high penetration of the bottom disc was
lower than the point of injection or infusion. It is most
likely that the low application is best explained by a
reduction of back sap flow hydraulic pressure, i.e., the
higher the injection point is the less treatment material
is likely flow backward against the sap flow pressure
(Ilic, personal communication, May 15, 2020). The
upward movement of compounds occured with the
tree-sap flow. Further most other flow and retention
is likely to depend on the long-time diffusive process
once the material has been injected (Ilic, personal

communication, May 15, 2020).

3.2. The effects of anatomical structure of
Balam and Bintangor on penetration

Several factors influence the penetration and re-
tention of chemical preservatives in wood. Penetration

depth of treated wood is influenced by the size and
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Fig. 5. Penetration of Boron compound in Balam and Bintangor trees by infusion
and combination of injection and bandage-wrapping methods at different heights

(bottom, middle and top).

A. Infused Balam; B. Bandaged Balam; C. Infused Bintangor; D. Bandaged Bintangor

number of vessels and the degree of vessel occlusion
by tyloses or other vessel infiltrations (Ellwood and
Ecklund, 2020; Ra, 2019; Walker et al., 1993). Table
1 presents the anatomical structures of Balam and
Bintangor wood, and Fig. 6 and Fig. 7 present the vessel

dimensions of both species. The critical differences of

wood anatomical structure of Balam (Macaranga conifera
(Rehb.f. & Zoll.) Miill.Arg.) and Bintangor (Calophyllum
soulattri Burm.f)) are to do with hydraulic properties of
the vessels acting as conduits. In this case, the vessels
of Balam are diffuse, and commonly arranged in radial

multiples of four or more with simple and scalariform
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Table 1. Anatomical structure of Balam (Macaranga conifera (Rchb.f. & Zoll.) Miill.Arg.) and Bintangor
(Calophyllum soulattri Burm.f.)

IAWA Balam TIAWA Bintangor
Code (Macaranga conifera (Rchb.f. & Zoll.) Miill.Arg.) Code (Calophyllum soulattri Burm.f.)
Growth Rings

1 Growth ring boundaries distinct (1)  Growth ring boundaries distinct

2 Growth ring boundaries indistinct or absent 2 Growth ring boundaries indistinct or absent
Vessels

5 Wood diffuse-porous 5 Wood diffuse-porous

Vessels in diagonal and / or radial pattern
Vessels exclusively solitary (90% or more)
10 Vessels in radial multiples of 4 or more common
13 Simple perforation plates 13 Simple perforation plates
14 Scalariform perforation plates
20  Intervessel pits scalariform
21 Intervessel pits opposite
22 Intervessel pits alternate 22 Intervessel pits alternate
23 Shape of alternate pits polygonal

30  Vessel-ray pits with distinct borders; similar to
intervessel pits in size and shape throughout the

ray cell

31 Vessel-ray pits with much reduced borders to
apparently simple: pits rounded or angular

32 Vessel-ray pits with much reduced borders to Vessel-ray pits with much reduced borders to apparently
apparently simple: pits horizontal (scalariform, 32 simple: pits horizontal (scalariform, gash-like) to vertical
gash-like) to vertical (palisade) (palisade)

42 Vessel diameter 100 - 200 pm 42 Vessel diameter 100 - 200 um

43 Vessel diameter >= 200 pm 43 Vessel diameter >= 200 pm
Mean vessel diameter 212+49 pm Mean vessel diameter 271+74 pm

46 <= 5 vessels per square millimetre 46 <= 5 vessels per square millimetre)

47 5 - 20 vessels per square millimetre

Mean vessel per square millimetre: 6.7+0.5 Mean vessels per square millimetre: 41
53 Vessel length: 350 - 800 pm 53 Vessel length: 350 - 800 pm
54 >= 800 pm 54  >= 800 pm

Mean vessel length 990 pm Mean vessel length 890 pm

56 Tyloses common

(58) Gums and other deposits in vessels

Ground tissue fibres
60  Vascular / vasicentric tracheids present
61 Fibres with simple to minutely bordered pits 61 Fibres with simple to minutely bordered pits
65 Septate fibres present
(68)  Fibres very thin-walled

69 Fibres thin- to thick-walled 69 Fibres thin- to thick-walled
Cell wall thickness 6+1 pm Cell wall thickness 5+1 pm
71 Mean fibre lengths <= 900 pm
72 Mean fibre lengths 900-1600 um 72 Mean fibre lengths 900-1600 pum
73 Mean fibre lengths >= 1600 pum
Mean fibre lengths 19124299 pm Mean fibre lengths 1452+176 pm
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Table 1. (Continued)

TAWA Balam TAWA Bintangor
Code (Macaranga conifera (Rchb.f. & Zoll.) Miill.Arg.)  Code (Calophyllum soulattri Burm.f.)
Axial parenchyma
76  Axial parenchyma diffuse
77 Axial parenchyma diffuse-in aggregates
78  Axial parenchyma scanty paratracheal
79  Axial parenchyma vasicentric
80  Axial parenchyma aliform
83 Axial parenchyma confluent
84  Axial parenchyma unilateral paratracheal
85 Axial parenchyma bands more than three cells wide
86  Axial parenchyma in narrow bands or lines up to
three cells wide
39 Axial parenchyma in marginal or in seemingly marginal
bands
9 Axial parenchyma cell type / strand length Four
(3-4) cells per parenchyma strand
93 Eight (5-8) cells per parenchyma strand
94 Over eight cells per parenchyma strand
Rays
96  Rays exclusively uniseriate 96  Rays exclusively uniseriate
97  Ray width 1 to 3 cells 97  Ray width 1 to 3 cells
104  All ray cells procumbent
106 Body ray cells procumbent with one row of upright and
/ or square marginal cells
107  Body ray cells procumbent with mostly 2-4 rows
of upright and / or square marginal cells
108  Body ray cells procumbent with over 4 rows of
upright and / or square marginal cells
109 Rays with procumbent, square and upright cells mixed
throughout the ray
115  Rays per millimetre 4-12 / mm
116  Rays per millimetre >= 12 /mm 116 Rays per millimetre >= 12 /mm
Prismatic crystals
136 Prismatic crystals present 136 Prismatic crystals present
(137) S;lssmanc crystals in upright and / or square ray (137) Prismatic crystals in upright and / or square ray cells
(138)  Prismatic crystals in procumbent ray cells (138)  Prismatic crystals in procumbent ray cells
Prismatic crystals in radial alignment in
(139)
procumbent ray cells
(140) Prismatic crystals in chambered upright and / or
square ray cells
(141) Prismatic crystals in non-chambered axial (141 Prismatic crystals in non-chambered axial parenchyma
parenchyma cells cells
(142) Prismatic crystals in chambered axial parenchyma

cells
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perforation plates. On the other hand, Bintangor is also
diffuse porous, but the vessels are exclusively solitary
with simple perforation plates, and arranged in diago-
nals across the rays.

Balam had two types of perforation plates in its ves-
sels namely simple and scalarifom, while Bintangor
had only simple perforation plates. In its origin, vessel
is not from a single cell, but a compound structure
which is formed from a number of cells. It is like a
pipe, sometimes a few meters in length, which the end
walls of each vessel element, or vessel segment, or
vessel member have disappeared. The end walls may
disappear completely to form a simple perforation, al-
ternatively, only parts of the walls may disappear with
two or more opening called a multiple perforation.
When the adjacent elements are then commonly sepa-
rated by a grid-like plate, it is called scalarifom perfo-
ration (Jane et al,, 1970). The presence of scalarifom
perforation plate in Balam, compared to the only sim-
ple perforation plate in Bintangor could also contribute
to the lower permeability at the axial direction in
Balam. For flow of liquids, apart from the effective
flow area (vessel diameter and number), and degree
of occlusion, there may be an effect at vessel ends
due to Balam having some scalariform perforation
plates in contrast to Bintangor only having simple
ones. Potentially, the bars of the former may offer
some retardation to the flow compared to the simple
openings of the simple perforation plates (Ilic, person-
al communication, May 15, 2020).

The Balam samples had wood contains tyloses but
it was not observed in the Bintangor wood samples,
thus the presence of tyloses in Balam added more fac-
tor inhibiting boron movement axially. Even one ty-
loses in a vessel will prevent flow in that vessel path
(Ilic, personal communication, May 15, 2020). Tyloses
are also observed in some species of Macaranga
(InsideWood, 2020; Wheeler, 2011).

In longitudinal direction, the flow of fluid is mostly
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Fig. 6. Vessel length of un-treated and treated trees
(preservation treatment using infusion and combination
of injection and bandage-wrapping methods) of Balam
(Macaranga conifera (Rchb.f. & Zoll.) Miill.Arg.) and
Bintangor (Calophyllum soulattri Burm.f.) standing trees.

Remarks: 1) Balam un-treated; 2) Balam bandaged; 3)
Balam infused; 4) Bintangor un-treated; 5) Bintangor
bandaged; 6) Bintangor infused.
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Fig. 7. Vessel diameter of un-treated and treated trees
(preservation treatment using infusion and combination
of injection and bandage-wrapping methods) of Balam
(Macaranga conifera (Rehb.f. & Zoll.) Miill.Arg.) and
Bintangor (Calophyllum soulattri Burm.f.) standing trees.

Remarks: 1) Balam un-treated; 2) Balam bandaged; 3)
Balam infused; 4) Bintangor un-treated; 5) Bintangor
bandaged; 6) Bintangor infused

controlled by the dimension and number of vessels
that are un-clogged by tyloses or other obstruction
(Barauna et al., 2014; Hansman et al, 2002). The
average vessel diameter of Bintangor was significantly
larger than Balam (Fig. 7), while the vessel length

were shorter (significantly different at control and in-
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fused tree samples), Fig. 6. Vessel frequency in Balam
wood (in average was seven vessel per square milli-
metre) was higher than Bintangor (in average was four
vessel per square millimetre), however, the higher ves-
sel frequency in Balam wood generally did not con-
tribute to the higher penetration of boron. Remember
that this is not the only governing factor; it is the com-
bination of size and number of vessel namely the ef-
fective cross-sectional area (Ilic, personal communica-
tion, May 15, 2020). In this study, even though the
number of vessel per mm? in Balam was higher, but
the presence of tyloses may more significant.

Balam had more complex vessel-ray pitting than
Bintangor, but the structure of rays mainly the width
and frequencies were almost uniform. According to
Emaminasab et al. (2017), in the study of the perme-
ability of normal and tension wood in poplar, the fre-
quency of rays did not play role in radial fluid, but
the inter-vessel and vessel-ray pitting was more
essential. The differences in vessel structure of Balam
and Bintangor as explained above were more domi-
nant causing the lower penetration of wood preserva-
tive in Balam wood (Fig. 4).

In axial direction, the wood preservative moved
down to the tree base, and moved up following the
tree-sap movement through vessels. Vessel is conduct-
ing element, convey of water and dissolved mineral
salt from the soil (roots) to the leaves of the trees
(Bowyer et al., 2003; Jane et al., 1970; Panshin et al.,
1964). Hence, to obtain more penetration in whole
part of the log, the treatment should be applied at very

low position in trees.

4. CONCLUSION

The combination of bandage-wrapping and infusion
method, or alternatively by infusing the living trees
close to the bark and at very low position in the tree

stem is recommended to be applied in preserving li-

ving trees. The influences of wood anatomical struc-
ture were investigated. The result showed that the per-
foration plates between vessels, the dimension of ves-
sel, and the presence/absence of tylosis contributed to
the permeability of wood for preservative treatment.
The more simple perforation plates, larger vessel di-
ameter, and the absence of tylosis gave higher pene-

tration of wood preservative.
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