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Preliminary observation of Aquilaria crassna wood
associated with the formation of aloeswood

Tadashi NoOBUCH!I and Somkid SIRIPATANADILOK
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Résumé

Preliminary observation of Aquilaria crassne wood related with the formation of aloeswood was
carried out. Investigations of the anatomy of this species and the changes of living cells in aging
process were first tried. Cytological changes of living parenchyma cells in sapwood following
wounding on the trunk were then observed associated with aloeswood formation. Results are
summarized as follows. (1) The sample species had included phloem as the other species of the
genus Aguilarvia. The parenchyma cells constituting included phloem were considered to play im-
portant roles for aloeswood formation together with the parenchyma cells of xylem. (2) The
main reserve substance in parenchyma cells was starch and the amount of lipids was less. In the
aging process from cambium to pith starch gradually decreased and lipids slightly increased.
The sapwood width of the species was considered to be very wide. (3) Following the days after
wounding starch grains showed abrupt decrease. In the next stage living parenchyma cells
showed conspicuous vacuolization. (4) In vacuolization process some vacuoles had electron
dense substances. Cytoplasmic matrix also showed electron dense condition. (5) Electron dense
substances migrated from living cells to neighboring wood fibers. These substances were pos-

tulated to be strongly related with the components of aloeswood.
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1. Introduction

Aloeswood or agarwood used as an incense wood is formed in the trunk of Aquilaria trees
. . . , . . . h
which range in tropical Asia. The main components of it are reported to be oleoresin . Some
X . . . .
scientists  reported that the formation of aloeswood was caused by invasion of fungi, and

) considered the main cause was not fungi but mechanical wounding. Recently Siripata-

othersd"3
nadilok and othersﬁ) also investigated the process of aloeswood formation after treating with pesti-
cide and denied the fungal effect for aloeswood formation. The mechanism of aloeswood
formation, however, has been obscure.

In this report, therefore, cytological observation of the process of aloeswood formation has
been carried out to get the preliminary information. Aguilaria crassna which is widely distri-
buted in Thailand was selected as a sample tree species. Anatomical characteristics and cytolo-
gical features in the aging process were first investigated to get the fundamental information, and
second cytological characteristics of living parenchyma cells which constituted xylem at the time
of wounding were observed following the days after wounding.

The authors express their sincere thanks to the personnel of Faculty of Forestry, Kasetsart
University for their cooperation in collecting samples. A part of this study was supported by

the Kajima Foundation’s Research Grant.

2. Materials and methods
2. 1. Materials
Two trees of A. crassna which grew in the natural forest of eastern Thailand and two young
trees grown at the nursery of Kasetsart University were used as sample trees. Description of

sample trees is shown in Table 1.

Table 1. Description of sample trees™

Tree Location D.B.H. Time of experiment
{em)
A Natural 40 Qct. 2, 1990
Forest of
ster
B Thastand 40 Oct.-Nov., 1985
C Nursery of 5 Apr.-May, 1991
B Kasetsart
University
D {Thailand) 5 Apr.~May, 1991

* The age of all sample trees was unknown
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From tree A wood blocks were collected to investigate the anatomy and characteristics of aging
process. In tree B mechanical injury was inflicted with a chisel on the trunk where bark and
outer sapwood, about 2cm deep from surface, were cut off. Wood blocks 3cm long, 2em wide
(tangential) , and 2cm thick (radial) were collected from upper and lower parts of the injury fol-
lowing the days after wounding; that is 2, 4, 14, and 30 days.

From the tree C and D wood blocks were also collected to investigate the relationship between
mechanical wounding and aloeswood formation. Wounding and collecting of wood block were
basically the same as tree B. The days after wounding were 1, 7, 30 days. The season was
rainy season in the experiment of tree A and B and was dry season in that of tree C and D.

In addition to the wood blocks mentioned above aloeswood used as an incense wood was also
investigated.

In wounding experiment the surface of the mechanical injury was covered with a pesticide, San-
tar SM (Sandoz Ltd., Switzerland) immediately after wounding to prevent the invasion of

microorganisms.

2. 2. Methods

Wood blocks collected from living trees were immediately fixed with 3% glutaraldehyde.

20 z2m thick sections cut from the fixed block were observed after following staining: safranin-
light green, Is-KI, Sudan IV, Sudan black, Os04 and Nitroso reaction”. A part of blocks was
embedded in celloidin mainly for the anatomical observation.

Ultrathin sectioning was also carried out. Small wood blocks cut from glutaraldehyde-fixed
block were post fixed with 1% 0,04 and embedded in Epon 812. Ultrathin sections post stained
with uranyl acetate and lead citrate were observed under a transmission electron microscope
(JEM-100C, 100kV).

For scanning electron microscopy air-dried wood blocks were observed under a scanning elec-
tron microscope (JSM-T330A, 10kV) after Au coating.

3. Results and discussion
3. 1. Anatomy of Aquilaria crassna

Transverse, radial and tangential sections of A. crassna are shown in Fig. 1. One of the char-
acteristics of this species was the existence of included phloem {foraminate type) as the other spe-
cies of genus Aguilaria.  This was confirmed by light microscopy and scanning electron micro-
scopy on sieve tube members (Fig. 2).

In ‘addition to sieve tube members cellular elements constituting included phloem were phloem
parenchyma cells (axial), phloem ray parenchyma cells and phloem fibers. Conjunctive tissue
was observed associated with included phloem. A phloem ray parenchyma was connected with a
xylem ray parenchyma. The cell wall of the former, however, was thinner than that of the lat-
ter and was unlignified. In this experiment the comparision of the anatomy between included
phloem and normal phloem in bark was not carried out.

Elements constituting xylem part were vessel elements, ray parenchyma cells and wood fibers.

Scanty paratracheal parenchyma cells were also observed. Ray parenchyma showed uniseriate
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(Fig. lc) and heterogeneous (Fig. 1b). Wood fibers had many pits (Fig. 13) and they showed
bordered pits (Fig. 11). The wood fiber of A. crassna, therefore, is considered to be fiber
tracheid.

In xylem tissue of sample trees, wood fibers particularly included much amount of air or gas.
This was a very feature of this species different from tree species of temperate or warm temperate
zones which the authors have observed. The feature of having much amount of air or air bub-
bles was observed both in tree A and B (sampled in rainy season) and tree C and D (sampled in
dry season). Although the physiological roles of the air were not clarified in this experiment it
will be one of the important factors which should be considered when investigate the formation of

aloeswood.

3. 2. Cyiological changes of living pavenchyma cells in the aging process from cambium to pith.

Living parenchyma cells are the most important elements concerning aloeswood formation be-
cause they are the only cells that are able to biosynthesize components of aloeswood. The char-
acteristics of cell contents of parenchyma cells and their changes in aging process were
investigated. Because the differences of cytological features among xylem ray parenchyma,
phloem ray parenhcyma and phloem parenchyma in included phloem were not found out, following
results are mentioned as the common features among them.

Figure 3 shows a radial section of outer sapwood stained with I»-KI. The main reserve sub-
stance was starch, The amount of lipids in outer sapwood was very little and they showed very
small droplets (Fig. 4). When lipid droplets were compared between xylem and phloem paren-
chyma they were slightly more in the latter.

Next is the characteristics of parenchyma cell contents in inner sapwood. By the way, the
length of wood cores taken with an increment borer from tree A was about l4cm which included
cambium to inner xylem. The inner sapwood in this report, therefore, means the part of about
l4em from the cambium.

Figure 3b shows starch grains in inner sapwood. It is clear that the amount of starch slightly
decreased and that of lipids slightly increased (Fig. 4b). The characteristics that starch de-
creased and lipids increased following aging are the same tendency reported for the trees of
temperate or warm temperate zonesw. :

The tree investigated, therefore, had a very wide sapwood. According to the book “Commer-
cial Timbers of lndia"m Aquilaria was reported to want heartwood. The authors, however, be-
lieve that trees, at least those of large size, have the heartwood based on the definition of
IAWAm. Although the characteristics of heartwood of A. crassna were not investigated, this
species is postulated to have wide sapwood and pale or non-colored heartwood based on the report
of Nobuchi and othersm in which the relationship between sapwood width and the characteristics

of heartwood was investigated.

3. 3. Preliminary observalion of the relationship between the changes of living parenchyma cells follow-
ing wounding and aloeswood formation
In this experiment the changes of living parenchyma cells near injury (5-10mm from the cut
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end) were mainly observed.

As mentioned above living cells investigated were xylem and phloem ray parenchyma cells, and
phicem parenchyma cells. However, the differences of cytological features among them were not
found out so far as observed. The following results are the common characteristics observed
among them,

Following the days after wounding discoloration occurred near the injury (Fig. 5). When
compared the upper part with the lower the length of discoloration showed slightly longer in the
lower part. This tendency is the same result of Nobuchi and othersm.

The {irst typical change after wounding was the decrease of starch. Differences among sample
trees, however, were observed. In tree B almost all starch grains were disappeared from living
cells in the sections of 4 days after wounding while small amount of starch still existed in the liv-
ing cells of 7 days after wounding in tree C and D. The main cause for this difference was con-
sidered to be the seasonal factors. It was rainy season in the experiment of tree B and dry sea-
son in tree C and D. In rainy season active transportation of assimilates and water conduction
might occur though the exact seasonal fluctuation of physiological factors in tropical trees is still
under discussion.

The second typical change observed was vacuolization. A transmission electron micrograph of
a xylem ray parenchyma cell of 7 days after wounding (tree C) is shown in Fig. 6. As men-
tioned above the amount of starch decreased in 7 days of tree C and vacuoles occupied the space
in a cell. Vacuolization became marked following the days after wounding. Following
vacuolization cytoplasmic matrix tended to be osmiophilic observed under a transmission electron
microscope.

In addition to the decrease of starch and vacuolization yellowish brown droplets in unstained
sections were observed under a light microscope (Fig. 7). These droplets existed in parenchy-
ma cells of 14 days and thereafter in tree B, and in that of 30 days in tree C and D. This feature
indicates that yellowish brown droplets appeared after the disappearance of starch grains.

Some histochemical observations were carried out for living cells. Yellowish brown droplets
in unstained sections showed color reaction with Sudan IV, 0404 and Nitroso reaction”. but
didn’t with Sudan black. Figure 8 shows an example which was stained with 0,04 (14 days aft-
er wounding, tree B). Cytoplasmic matrix, on the other hand, showed strong reaction with
Sudan black (Fig. 9), but it didn't show strong reaction with 0404, Sudan IV and Nitroso
reaction.

From histochemical observations it was considered that yellowish brown droplets had phenolic
substances in a wide sense rather than lipids because they reacted on 004 and showed Nitroso
reaction. A preliminary investigation of them by a spectrophotometer (Zeiss, UMSP-80) re-
vealed that they had the strong absorption in the range between 270-290nm. This also supports
that the droplets contain phenolic substances.

Transmission electron microscopy on the cells in which droplets developed was carried out.
Figure 10 shows one example of a phloem ray parenchyma cell. A droplet in light microscopy
was revealed to be a vacuole which had very electron opaque or stronger osmiophilic substances

than cytoplasmic matrix. It should be noticeable that vacuoles with very electron opaque sub-
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stances were not always observed in every living cell,

In the process of vacuolization osmiophilic materials migrated from living cells to wood fibers
(Fig. 11). This process is considered to be very important step for aloeswood formation.

Light and scanning electron microscopy on aloeswood used as an incense wood were carried
out. Figure 12 shows a light micrograph and Fig. 13 a scanning electron micrograph of an in-
cense wood, together with that of control from wood not wounded. In Fig. 12 much amount of
yellowish brown materials was observed in parenchyma cells. They were also ocbserved in wood
fibers and vessel elements. From Fig. 12 it is clear that wood fibers included much amount of
these materials which were considered to be the main components of aloeswood. From light mi-
croscopy yellowish brown materials observed in aloeswood resemble yellowish brown droplets in
living parenchyma cells formed after wounding. As shown in Fig. 11 materials inside wood fi-
bers are considered to have migrated from living cells. It is, however, uncertain that materials
migrating from living cells to wood fibers are related with osmiophilic substances in vacuoles
and/or substances in cytoplasmic matrix. According to the cytological study of biosynthetic pro-
cess of phenolic substances following wounding in Japanese cedar phenolic substances mainly ex-
isted in cytoplasmic matrix from where they migrated to neighboring tracheidsm. Component of
cytoplasmic matrix is one of the important objectives associated with aloeswood formation.

From the preliminary observation mentioned above it has become clear that living parenchyma
cells showed abrupt changes in sapwood after mechanical wounding. The main changes were the
decrease and disappearance of starch, and vacuolization occurred parallel with it. The
vacuolization is an important indicator of aging or necrosis. In the process of vacuolization accu-
mulation of osmiophilic substances in vacuoles and changes of cytoplasmic matrix to osmiophilic
condition occurred, which are considered to be closely related with the aloeswood formation.
Fungi or hyphae were not observed in sapwood tissues so far as observed in this experiment.

In conclusion the authors propose following point for future research works: The relationship
between cytological features and aloeswood components should be investigated including micro-

scopic spectrophotometry.
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Fig. 1 Light micrographs showing anatomy of
Aquilaria crassna, (a) a cross section,
(b) a radial section, {¢) a tangential
section. [P: included phloem.
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Fig. 2 A scanning electron micrograpgh showing Fig. 3 Radial sections showing starch grains (8)
a sieve plate between sieve tube members. stained with I~KI in (a) outer sapwood
and {b) inner sapwood.

Fig. 5 Wood blocks showing discoloration follow-
ing wounding. The left block shows dark
discoloration in very long time after
wounding and the right indicates pale col-
ored in 30 days after wounding (tree C).

Fig. 4 Radial sections showing lipids (L) stained
with Sudan 1V in (a) outer sapwood and
{b) inner sapwood.
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Fig. 6 A transmission electron micrograph showing vacuolization of a xylem parenchyma
cell (7 days after wounding, tree C). V: vacuole, N: nucleus, Nu: nucleolus, M:

mitochondrion.

Fig. 7 A light micrograph of un-

stained section showing
yellowish brown droplets
(arrows) (7 days after
wounding, tree C).

Fig. 10 A transmission

Fig. 8 A light micrograph of a
radial section stained
with 0,04, Arrows indi-
cate droplets reacted on
0,04 (30 days after
wounding, tree C).

Fig. 9

A light micrograph of a
radial section stained
with Sudan black. Cyto-
plasmic matrix (arrows)
shows dark color (30
days after wounding,

tree C),

electron micrograph’ showing a ray parenchyma cell of

phloem in which osmiophilic substances (arrows) accumulated in vacuoles (30
days after wounding, tree C).
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Fig.

11 A transmission electron micrograph
showing the migration of electron dense
substances {arrows) from a ray paren-
chyma cell to a neighboring wood fiber
(30 days after wounding, tree C).

Fig. 12

A radial section cut from aloeswood (an
incense wood sample) showing yellowish
brown substances in axial and ray paren-
chyma cells and wood fibers (arrows).

Fig. 13 Scanning electron micrographs showing
(a) aloeswood {an incense wood sample)
where wood fibers have much amount of
substances (arfows). (b) Control taken
from a trunk without wounding.





