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its naturally occuring brown to black oleo- 
resinous deposits (agar) found in patches and 
streaks in the wood of a small proportion of 
the trees. This material is much prized 
as a source of agar, agar-attar and agarbati 
from which incense, perfumes and medicines 
are prepared. The export of agar and its 
products now provides a valuable source 
of foreign exchange earning for Bangladesh.

Experiments to determine the role of wounding and fungal infestation 
in the formation of the aromatic base, agar, in the wood of Agar tree 
(Aquilaria agallocha Roxb.) were conducted. Inoculation with wounding using th­
ree fungal isolates from agar, as well as, wounding without inoculant, produced 
colour changes and oleoresin deposits, in the host characteristic of agar. It 
was inferred that the formation of agar did not depend on the activity of a 
special fungus, as was previously believed, but is a general reaction of the 
host to injury or invasion.

The possibility of the development of techniques for the commercial 
induction of agar in y4. agallocha is discussed.

Aquilaria agallocha Roxb. is an evergreen 
tree attaining a height of 20 to 25m. (65.6 
to 82.0 ft) and occurs sporadically in the forests 
of the Sylhet, Chittagong and Chittagong 
Hill Tracts regions of Bangladesh. It is also 
found in Bhutan, Assam, Burma, Malayasia, 
Cambodia and other parts of the Far East 
(Burkhill 1966).

The main value of A. agallocha lies in
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An experiment was set up in July 1977, 
designed to compare the effects of wounding 
alone and with fungal inoculation on the 
the formation of deposits of oleoresin in 
the wood.

The investigation was made in Lawachara 
forest near Srimangal, Sylhet, in a small 
stand of A. agallocba planted in 1925. The 
site was a sloping free-draining sandy loam. 
The trees were spaced somewhat irregularly 
at 2.1 to 2.4 m (6.9 to 7.9 ft). A few trees 
had broken tops and branches.

Gibson (1977) reviewed this work and 
concluded that none provided adequate 
evidence that agar deposits were due to special 
fungal activity. He suggested that agar 
deposition was not due to fungal activity, 
but was the result of a reaction of the tree to 
wounding. The present experiment was 
made to test this hypothesis.

The inoculum used consisted of pure 
culture of Potryodiplodia theobromae Pat. 
established on sterilised blocks of A, agallocba 
wood (30 mm x 11 mm dia) for 45 days, 
and one month old cultures of Phomopsis 
aqnilariae Punithalingam and Gibson, and an 
unidentified culture on blocks of 2% malt 

agar, 11 mm (0.4 in) in diameter. The latter

Twenty one trees were selected. Each 
received five holes, 12 mm (0.5 in) in diameter 
and 55 mm (2.2 in) deep, made with a brace 
and bit. These were arranged spirally around 
the tree at intervals of 250 mm (9.4 in) with the 
lowest at the same distance from the ground. 
The three lowest holes of the set were 
inoculated with one of the three test fungi ; 
the fourth hole was filled with sterile medium 
corresponding to the inoculant used (either a 
wooden plug or 2% malt agar medium). 
This is referred to, subsequently, as the 
‘closed control’. The highest hole was left 
untreated and is referred to as the ‘open 
control’. Each of the four bottom holes 
was also plugged with sterilised cotton 
soaked in sterilised water and then covered 
with polyethelene sheet stapled to the 
outside of the tree. The whole design 
incorporated three kinds of inoculum 
treatments, with controls; each replicated 
seven times.

The process of agar deposits is not 
known. The identification of the small 
proportion of the trees having agar is difficult 
and destructive, adding greatly to the cost 
of agar production and resulting in a small 
flow of the same on to the market. There is 
considerable incentive, therefore, to discover 
ways to inducing agar formation in 
^4. agallocba artificially and research to this 
end has been undertaken from time to time. 
Most of this work has been based on the 
longstanding belief that agar deposits 
are the result of attack by a specific fungus 
and has been directed to the identification 
and isolation of this organism. Bose (1943), 
Bhattacharya et al. (1952) and Sadgopal 
and Varma (1952) investigated the origins of 
agar deposits with varying and sometimes 
conflicting results.
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RESULTS

Nos of cores

TotalOpen ControlClosed ControlInoculated

White 112172372

18Brown 541125

Grey 131210

Greenish 1oo1

36 18036Total 108
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Core
Colours

Two years after the experiment was set 
an evaluation was made.up an evaluation was made. Core samples, 

12 mm (0.5 in) in diameter and 50 mm (1.97 in) 
in depth, were removed at a distance of 
25 mm (0.98 in) above, below and on either 
sides of the original treatments from nine 
trees. These cores were quickly transferred 
to sterilised tubes for further examination 
in the laboratory. If contamination of a 
sample was suspected it was flamed immediately 
before tubing.

two fungi were used on agar medium as it 
had proved difficult to establish them on 
wood block culture. All three inoculants 
were originally obtained from agar wood.

Inoculation was carried out immediately 
after the holes were bored. At the time of 
making the holes the borings were carefully 
examined for signs of agar 
other discolouration but none was observed.

All cores were first examined carefully 
for surface di colouration in the laboratory 
and were classified accordingly. Samples 
were then examined for fungal associates 
by incubating portions representing roughly 
half the length of the 180 cores from all 
treatments in a sterile humid chamber and 
isolating fungi as they appeared from the 
cores. Samples from 21 cores, representing a 
balanced sample of all colour grades, were 
plated out on 2% malt agar and Russel’s 
selective medium for basidiomycetes (Russel 
1965).

Table 1. Distribution of core colours

Surface examination and microscopic 
study of wood cores : The cores were 
broadly classified into four colour grades. 
The distribution of these colours among the 
cores are presented in Table 1.



TreatmentsCore-coloursCore-sites

Brown White Grey GreenishLeftAbove Below Right

63 72 55Nil x18 7543zo1211
256 2531oo9*9310 9

34 3ooo31oI
o 17zooo41x3
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Extent 
of 
oleoresin

Four levels of oleoresin development (nil, 
slight, moderate and profuse) were established 
from the microscopic examination of hand 
sections from all the cores. The associations 
of these four levels of oleoresin with core­
site, core colour and treatments have been 
summarised in Table z.

Table 2. Relationship of the core-site, core-colour and treatment with the extent of 
oleoresin development in 180 wood cores, expressed in percentage

Oleoresin was rarely found in wood 
coloured in natural white or grey or greenish

From these results it is clear that oleoresin 
deposits were more frequent in samples 
above and below the original treatment sites 
than on the sides. In nature the deposits 
tend to occur as longitudinal streaks. There 
is also a close correlation between the brown 
colouration and the presence of oleoresin.

It is evident from Table 1 that brown 
colour of core is more frequently associated 
with the open control than with either the 
inoculated or the closed control sites.

tints. Finally, there is no relation between 
fungal inoculation and oleoresin formation 
as the latter occurs as frequently in the closed 
controls as in the fungal treatments. There is 
a close correlation between the open controls 
and profuse development of oleoresin.

Isolation of fungi from wood cores 
Fungi were isolated from the cores both by 
agar culture and humid chamber incubation 
methods. The brown coloured cores 
were divided into three grades and the 
very low proportion of greenish cores were 
omitted. The results are presented in Table 3..

Inocu Closed Open 
lated control control

It is evident from Table 3 that a wide 
range of saprophytes were obtained from 
culturing and incubating samples, but of the 
three inoculants only B. tbeobromae was 
recovered and this was confined to grey 
stained wood cores. This might be expected 
as B. tbeobromae is a very common sapstain 
fungus in the tropics and might be

(-)

Slight (+)

Moderate (++) 3

Profuse (+++) 1



Table 3. Isolation of fungi from wood cores

planted j
hb iga c

26o oo o

o o o o o

o 21 oo

o oo o o

o o o oI oo

Treatments

k 1ba

Inoculated 108 48 421 2 1 o7
8331 33°
344 3 o 3 3 323
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Closed control
Open control

36

36

109

81

Brown spotted
Light brown
Dark brown
Grey
White

Core 
colour

No. of 
cores

3
4
4
4
6

No. 
of 

cores

18

36
o o

67
o

g — 
h —

J — 
k —

27
o

5
8

5
6

11
60

7°
56

6

22

6

37
3i
o

5
o

38
51
57

o
33
o

a — Aspergillus sp.
b — Rotryodiplodia theobromae 
c — Currulasia sp.
d — Mucor sp.
e — Fusarium spp.
f — Trichoderma sp.

No. of pieces

_ I yielded 

f^gi

109

81

Agar culture isolation 

% yield of fungi 

def

No. of cores 
yielding 

fungi

Phialophora sp.
Verticillium sp.

i — Penicillium sp.
Cephalosporium sp.
’R.hi^oplius sp.

1 — unidentified isolate

samples yielded 
All these fungal 

isolates might have arisen from contamination 
at the time the experiment was set up or 
afterwards. None shows a distribution which 
suggests that it is in any way instrumental 
in causing the initial deposits of oleoresin 
observed.

appear elsewhere. White 
only one type of isolate.

expected as an associate of stain, either from 
the inoculum originally applied or as an 
airborne contaminant.

The range of fungal colonists appears to 
decrease as the oleoresin content of the sample 
increases with 'Trichoderma sp. from the dark 
brown, of the stained samples only, accompan 
icd by Fusarium spp. and Verticillium sp. which

Isolation by humid incubation 

% yield of fungi 
cd i j
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forest
year

It is suggested that the effect of wounding 
•on the tree should be further investigated. 
The factors involved in wounding, which 
are important in agar deposition, are not 
known and work should be done to elucidate 
them. It seems that more extensive and

Aspergillus ruber Tunstall (Anon. 1931), 
dadosporium sp. (Bose, 1943) and Epicoccum 
granulation (Bhattacharya et al. 1952) have 
been variously claimed to be the specific 
fungi responsible for agar formation in A. 
agallocha. But these various claims themselves 
mitigate against a specific fungus being 
responsible. Moreover, all these conclusions 
were based on experiments which were 
lacking in adequate controls.

Bose, S. R. 1943. Agaru production by 
fungal inoculation in Aquilaria agallocha 
trees in Assam. Proc, of the 30th 
Ind. Sci. Congr. part 3 : 45 pp

Results of the experimental work undertaken 
indicate that, of the three main types of 
treatments — application of fungi, closed 
controls and open controls — the last 
one differed significantly from the first two. 
In open controls there was more brown 
colouration of the wood and a greater 
degree of olcoresin production. The presence 
of an exposed, open wound seemed to be 
of more importance than the presence of 
certain species of fungi within a wound. 
This supports Gibson’s hypothesis (1977), 
that in A. agallocha agar deposits are the 
results of wound interaction 
tree similar to that found in a 
of species (Shigo 1975) and are not due to 
the primary activity of a particular fungus.

long term trials on wounding are justified 
by the present results. More experimental 
work needs to be done before the generation 
of agar deposit is fully understood. There 
is no doubt that we arc still far from the 
development of techniques which would 
provide an assured supply of agar products 
for industry of a quality that has been obtained 
hitherto in a very limited extent from the 
natural forest. Nevertheless, the work reported 
here would point the way for further 
research which may be expected to achieve 
this end in the course of time.

Anon. 1931. Progress report of 
research work in India for the 
1930-31 : 18 pp
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