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Abstract. Indrayani Y, Muin M, Yoshimura T. 2017. Short communication: Diversity of tropical plants and their attractant properties
for subterranean termite Coptotermes curvignathus. Biodiversitas 18: 1353-1357. The effectiveness of bio-based attractant from
different leaves of tropical plants on subterranean termites Coptotermes curvignathus was examined under laboratory conditions. Five
kinds of leaves of tropical plant such as cajuput (Melaleuca leucadendron L.), cinnamon (Cinnamomum burmannii (Nees & Th. Nees)
Nees ex Blume, clove (Syzygium aromaticum (L.) Merr. & L.M. Perry), bay (Syzygium polyanthum Wight) and basil (Ocimum sanctum
L.) were serving as termite feeding bio-based attractants for C. curvignathus. Bio-based attractants were obtained by cross cut dry leaves
into smaller particles (dry weight 200 g) and dipped in 70% ethanol solution for 3 x 24 hrs. The extracts were then subjected to arotary
evaporator at 60 °C until the extract changed to gel condition. 50 workers and five soldiers of C. curvignathus were tested in a no-choice
test bioassay to determine their preferred bio-based attractant under the concentration of 10% and 50%. No-choice bioassays chambers
were assembled by connecting two clear plastic glasses (bottom diameter 5 cm, top diameter 7 cm) with clear plastic hoses (inner
diameter 3 mm, outer diameter 5 mm). Clear plastic hoses connectors allowed termites to move freely between glasses. A |aboratory
bioassay determined that the response of subterranean termite C. curvignathus on clove leaf was greater than other five leaves as
indicated by termite moving time, and did not differ significantly between concentrations. No direct relationships were noted between

the speed of the first termite moving time and number of termites recruited to the bio-attractant chamber.
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INTRODUCTION

Subterranean termites are one of the most important
termite pests in Indonesia even in the world. Subterranean
termites have been found with a widespread global
distribution (Henderson 2008; Rust and Su 2012). Methods
have been widely used for subterranean termite control,
such as bait technologies and liquid termiticides
(Henderson, 2001). Liquid termiticides for a building are
applied by drilling holes into the walls and dabs (Rambo
1985). In general, liquid termiticides were categorized into
two groups. First is repellent that serves as a barrier
between termites in the soil and the structure above ground;
second is non-repellent which acts to kill termites upon
contact (Gahlhoff and Koehler 2001; Kard 1998, 2000;
Thorne and Breisch 2001). However, liquid termiticides
have several limitations such as (i) it only affects termite
population that is located in the treated areas, (ii) termites
exposed to the non-repellent termiticides might die before
returning to its nest to spread the toxicant to other nest
mates (Forschler 1994; Su and Scheffrahn 1988, 1990; Su
et al. 1993), (iii) the active ingredientsin liquid termiticides
will be degraded over time in soil and have to be reapplied
(Mauldin et al. 1987).

Although liquid termiticides application is still the most
widely used method for subterranean termite control, new
methodologies are required to overcome some of their
limitations. One of those new methodologies has been the
termite bait systems. The main concept of bait system isthe
slow killing action property of the toxicant in affecting the
termites. These bait systems are designed to alow the
worker termites to feed the toxicant and live long enough to
return to the nest to spread it to other nest members (Dow
AgroSciences 1999).

Like liquid termiticides, bait systems also have their
limitations. One of those limitations is the presence of
competing for food resources. Termites have many food
resources in the field, such as building structures or natural
food sources. If natural food sources are more attractive
than the bait, termites might not be recruited to the bait. As
Waller et al. (1999) stated that one of the factors affecting
termite recruitment is chemical directional cues to the
location of the bait, this chemical is known as an attractant.
Therefore, it is indispensable to find proper attractive food
sources for bait matrix. Termite colony depend on worker
termites for its food supply. Thus, a bait should be
formulated with an attractant to recruit the worker termites
as much as possible to the bait.
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In principle, termite will follow a concentration
gradient of the attractant material to find food sources in
the bait matrix. So far, attractants utilized in the bait system
consist of synthetic chemicals, and there has been no report
on the effect of synthetic attractants to the environment.
Thus, we think it is necessary to develop a bio-based
attractant from nature. From this study, we hope to develop
a technique to ensure termites to locate baits and answer
the question on how termites find food sourcesin nature.

The objective of this research was to investigate the
effectiveness of the bio-based attractant from five different
leaves of tropical plants on subterranean termite (Coptotermes
curvignathus Holmgren, 1913) in the laboratory condition.

MATERIALSAND METHODS

Termites

A number of 50 workers and five soldiers subterranean
termites were obtained from secondary forest, Pontianak,
West Kaimantan, Indonesia in June 2016. Termites were
maintained in the plastic chamber with rubber wood
(Hevea brasiliensis) at 28-30°C and 70-80% relative
humidity for one month before used in the bioassay. Only
healthy termites used for experiments.

Attractant preparation

Five kinds of leaves, cajuput leaf, cinnamon leaf, clove
leaf, bay leaf and basil leaf were collected from an area in
Pontianak City, West Kaimantan, Indonesia in March-April
2016. Before being used in experiment, the leaves were air
dried inside a room for three days. Dry leaves were then
cross cut into smaller particles (with a total dry weight of
200 g) and dipped in 70% ethanol solution for 3 x 24 hrs.
The extracts were then subjected to a rotary evaporator at
60 °C until the extract changed to gel condition.

Termite bioassay
Bioassay chambers

Consumption bioassays were performed in no-choice
bioassays chambers. Tests chamber was used to evaluate
termite moving time and number of termites recruited to
bio-attractants upon the presence of a competing food
source.

Figure 1. No choice-test bioassay
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No-choice bioassay

No-choice bioassays chambers were assembled by
connecting two clear plastic cups (bottom diameter 5 cm,
top diameter 7 cm) with a clear plastic hose (inner diameter
3 mm, outer diameter 5 mm). The plastic hose acts as a
connector that allowed termites to move freely between
glasses. Both plastic cups were filled with 50 g moist sand,
and the surface of the sand was covered with a plastic sheet
(Figure 1).

A sheet of cellulose paper with a diameter of 4 cm
containing an attractant (concentration of 10% and 50%)
was placed on top of the sand substrate in one of the plastic
cups, while a same size cellul ose paper that was added with
distilled water was put on the sand substrate in the other
plastic cup. In each experiment, 50 workers and five
soldiers of C. curvignathus were subjected into the plastic
cup containing the sheet of cellulose paper with distilled
water. Termite moving activities were then monitored for 8
hours. Bait efficacy is determined by the number of
termites that are moving to the attractant-supplemented
cellulose paper. Each treatment consisted of three
replicates.

I dentification of chemical componentsusing GC-M S

Five leaves crude extract was analyzed using a Shimadzu
Gas Chromatography-Mass Spectrometry (GC-MS-QP2010)
with a Flame lonization Detector (FID) using fused silica
capillary column type phase Rtx-5MS (60 m by 0.25 mm
ID) with helium as carrier gas at a flow rate of 0.85 mL per
minute. The column temperature was programmed initially
at 50°C for 10 min, then increased 3°C per minute to 280°C
and was kept isothermally for 1 min. The temperature of
injector port and interface of mass spectrometry (MS) was
280°C. The total ion chromatogram obtained as auto
integrated by Chemstation software and the compounds
were identified by comparison with Wiley 9" edition NIST
11 Mass Spectral Library (Indrayani et al. 2016).

Data analysis

Data were statistically analyzed by Variable Analysisin
a factorial design, and Tukey Analysis was used for
comparison of the mean values (Gaspersz 1994).

RESULTSAND DISCUSSION

Termite moving time

In this experiment, a significantly faster termite
movement to the bio-based attractant chamber was noted in
both clove leaf treatment concentration (10% and 50%),
which were under 1.5 minutes. The termite movement time
in the clove leaf treatment was significantly lesser than that
of all other leaves (Tukey’s test: P < 0.05) (Figure 2). In
treatments other than clove leaf, the termite moving
moment was noted after 7 to 14 minutes for the
concentration of 10% and 4 to 11 minutes for the
concentration of 50%, except that of the cinnamon leaf
treatment which was at 1.58 minutes. There were aso
significantly lesser moving times of termites in the
concentration of 50% than that in the concentration of 10%
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for al kind of leaves except for clove leaf (Tukey's test: P
< 0.05). The least moving time of termite observed in the
clove leaf treatment was presumably because clove leaf
contains a higher level of eugenol among the five leaves.
Eugenol has been reported to successfully recruit fruit flies
(Stark et al. 2000). GC-MS anaysis showed relative
percentage (%) of eugenol compound in each leaf extracts
used in this study: clove leaf 7.92%, cinnamon leaf 4.64%,
cajuput leaf 3.36%, basil leaf 2.24% and bay leaf 0%
(Figure 4.A-E). GC-MS analysis results of the clove and
cajuput leaves in this experiment were the same as those in
the previous experiment (Indrayani et al. 2016). Consistent
with its zero-eugenol content, basil leaf showing the latest
termite moving time of all leaf extract treatment which was
after 14 minutes. Control treatment in this study, i.e.
without any bio-attractant addition, showed the slowest
termite moving time (108.47 minutes).
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Figure 2. Termite firs moving time (minutes) entering attractant
chamber
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Figure 3. Number of termite entering attractant chamber after 8
hours observation

Number of ter mitesentering attractant chamber
Our study showed that there was no significant
difference in the number of termites recruited to the
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attractant chamber in al leaves treatment for both
concentrations of 10% and 50 % (Tukey’s test: P < 0.05).
This result indicates that there is no direct relationships
between termite moving time and the number of termites
recruited in bio-based attractants. Figure 3 illustrates the
number of termites accumulated inside the attractants
chambers after 8 hours observation. From the initial
amount of 50 worker termites introduced into the starting
chamber, the average numbers of termites found to be
recruited to the leaf-based attractant chambers was
approximately 40 individuals at the concentration of 10%
and about 43 individuals at the concentration of 50%. As a
reference, the number of termites that moved towards the
control chamber containing a sheet of cellulose paper with
distilled water was only about 10 individual termites.

These results reveadled that termites could detect
chemicals in the substrates and move towards chambers
containing bio-based attractants. Furthermore, these results
also indicated that eugenol compounds in the leaf extracts
have the potential to attract termites to find the bait matrix.
These results are similar to those reported by Waller et al.
(1999) in which a greater number of worker termites was
recruited to chambers containing sucrose and yeast than
those that remained in the water chamber. A similar finding
was aso found by Sgjap et al. (2005) who worked with
noviflumuron as the bait active ingredient to attract
Coptoter mes gestroy.

In conclusion, this study highlights that extracts of plant
leaf used as bio-based attractants for termite C.
curvignathus were found to be effective in the laboratory
test. Laboratory bioassay showed that among the five plant
leaves observed in this study, the greatest response of the
subterranean termite regarding their first moving time
could be found on clove leaf-based attractants, regardliess
of the attractant concentrations. In addition, no direct
relationships were noted between the speed of termite
moving time and the number of termites located in bio-
based attractants. Further works are ill required, in
particular, concerning the effectiveness of eugenol as an
attractive compound for the development of a termite bait
system.
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