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The termite Coptotermes curvignathusis a very important pest of oil palm in
peat. Conventional methods such as using spraying chemical pesticide and
physical barrier do not provide long term control. An alternative method by
using entomopathogenic fungus has great potential as a biopesticide against
the termite. However, in order to effectively use entomopathogenic fungus to
control the subterranean termite, the fungus quality in terms of the ability cause
epizootic to termite, method of delivery and application in field are the main
concern to researcher. In this study, liquid state fermentation was used to
increase the fungus quality and to obtain large quantity in shorter time. Three
different types of liquid mediums which were Jenkins medium, Leland medium
and MPOB medium were used to mass a produce pathogenic local isolate of
Metarhizium anisopliae var. anisopliae. Fungus in Jenkins medium yielded
significantly highest number of submerged conidia with 2.36 x 10° submerged
conidia/mL even in lowest growth rate on day 3 after inoculation. Fungus
culture from Jenkins medium with concentration of 1:0 fungus culture to
distilled water showed ability to cause 100% mortality in day 4 after treatment
compared to MPOB medium in day 6 after treatment and Leland medium in
day 9 after treatment. The fungus was then incorporated with 8 different
combinations of bait matrix to formulate into a bait which can attract termite,
reduce repellence, prolong active ingredient (fungus) shelf life, and sustain the
ability to control termite colony. From the choice feeding test, bait matrix made
of dextrin, PVP K90 and skim milk (DPS) impregnated with the fungus has the
ability to attract termite compared to other bait matrix. Furthermore, DPS bait
has ability to cause 100% mortality on 19 days after treatment. Termite took
shorter time to finish the DPS bait with 11.2 day to consume all the baits, and
consumed significantly larger quantity of DPS bait compared to the 7 other
baits which consisted of different proportion of skim milk, dextrin, PVP K90 and
kaolin. Shelf life of the baits were tested through bioassays. All baits were able



to maintain consistent termite mortality of more than 80% for over 6 months. A
specially designed bait delivery system was adapted to local peat environment
was developed to deliver the selected baits DPS and PS infested oil palm tree
in the field. Over the 6 months trial period, bait designed delivery system was
able to protect the bait from getting wet by rain water and the high water table
in peat soil. Termites were found colonizing the PVP K90 plus skim milk (PS)
bait chamber as early as one week after application. Termites collected from
the vicinity of the bait chamber were found infected and killed by M. anisopliae.
There were no C. curvignathus found in the previously infested palm trees at
the end of the trial period. The formulated bait delivered in termite baiting
system had shown effectiveness in the control of termite in oil palm plantation
in peat soil area.
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Anai-anai Coptotermes curvignathus merupakan serangga pesrosak yang
penting di ladang kelapa sawit pada tanah gambut. Pengawalan yang lazim
digunakan seperti semburan racun bahan kimia dan membina halangan fizikal
tidak memberi kawalan jangka masa panjang. Satu kawalan alternatif
menggunakan kulat entomopatogenik mempunyai potensi besar dijadikan
sebagai racun biologi untuk kawalan anai-anai. Namun, dalam usaha untuk
menggunakan kulat entomopatogenik dengan lebih efektif dalam kawalan anai-
anai, kualiti kulat dalam keupayaan penyebaran penyakit berjangkit dalam
anai-anai, langkah penyampaian kulat kepada anai-anai dan aplikasinya di
ladang merupakan tumpuan utama bagi para penyelidik. Dalam kajian ini,
fermentasi dalam bentuk cecair digunakan untuk meningkatkan kualiti kulat
dan untuk menghasilkan kuantiti kulat yang banyak dalam masa yang singkat.
Tiga jenis medium cecair berlainan digunakan ialah medium Jenkins, medium
Leland, dan medium MPOB bagi menghasilkan isolat tempatan Metarhizium
anisopliae var. anisopliae secara besar-besaran. Kulat yang dikultur dalam
mediums Jenkins menaghasilkan konidia terendam yang paling tinggi dengan
2.36 x 10° konidia terendam/mL walaupun dengan kadar pertumbuhan yang
paling rendah pada 3 hari selepas inokulasi. Kultur kulat dari medium Jenkins
dengan kepekatan nisbah 1:0 kultur kulat kepada air suling yang steril
menunjukkan ada keupayaan menyebabkan 100% kematian pada hari ke 4
selepas diinokulasi berbanding dengan medium MPOB pada hari ke 6 selepas
diinokulasi dan hari ke 9 selepas diinokulasi bagi medium Leland. Kulat
kemudiannya dijadikan 8 jenis umpan dengan kombinasi matriks yang berbeza
untuk dijadikan umpan yang boleh menarik perhatian anai-anai, mengurangkan
pencegahan, memanjangkan jangka hayat bahan aktif (kulat), dan dapat
mengekalkan mengawal koloni anai-anai. Dalam ujian pemilihan makanan,
matriks umpan yang diperbuat daripada dextrin, PVP K90 dan susu skim (DPS)



direspi dengan kulat mempunyai keupayaan menarik anai-anai daripada
matriks umpan lain. Tambahan lagi, umpan DPS mempunyai keupayaan
menyebabkan 100% kematian pada hari ke 19 selepas dirawat. Anai-anai
mengambil masa lebih pendek untuk menghabiskan umpan DPS dengan 11.2
hari untuk kesemua umpan dan ia juga memakan umpan DPS dengan kuantiti
yang banyak berbanding dengan 7 jenis umpan lain yang terdiri daripada
campuran antara susu skim, dextrin, PVP K90, dan kaolin. Jangkan hayat
umpan telah diuji dengan bioesei. Semua umpan dapat mengekal lebih
daripada 80% kadar kematian yang konsisten selama 6 bulan. Sistem
penyampaian umpan yang direka khas sesuai untuk digunakan di persekitaran
tanah gambut telah dibentuk bagi menyampaikan umpan pilihan DPS dan PS
untuk mengawal pokok kelapa sawit yang diserang di ladang. Selama 6 bulan
kajian ini dijalankan, sistem penyampaian umpan yang direka dapat melindungi
umpan dari basah oleh air hujan dan parasa air yang tinggi di tanah gambut.
Anai-anai ditemui menyerang kebuk umpan PVP K-90 dengan susu skim (PS)
dalam satu minggu selepas aplikasi. Anai-anai yang dikutip daripada kawasan
ruang umpan itu didapati dijangkit dan dibunuh oleh M. anisopliae. Tambahan
lagi, tiada C. curvignathus dijumpa di pokok kelapa sawit yang diserang
sebelum ini pada akhir tempoh kajian. Umpan yang dirumuskan dan sistem
penyampaian telah menunjukkan keberkesanan dalam kawalan anai-anai di
ladang kelapa sawit yang ditanam pada tanah gambut.
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CHAPTER 1

INTRODUCTION

Termite, the existence of which was fearsome to human, devours human goods
that contain cellulose source especially in building manufactured with wood,
agricultural assets, and others that contain cellulose materials. The existence of
termites as a pest to human goods has cost extensive loss to individual,
company or government. And yet, their biology notably their subterranean or
cryptic habit makes it difficult to detect their presence in human goods (Zulkefli
et al., 2006). They are usually detected only after the damage appears in the
surface and by that time it may be too late to revive or secure the infested goods.

In Malaysia, termite has been reported to attack the oil palm which is country’s
most important economic crop (Zulkefli et al., 2006). Currently, spraying
chemical pesticides is the only method used to control termite of oil palm in
Malaysia. However, it does not provide long term control nor eliminate the termite
colony in the field (Chan and Bong, 2008). Chemical treatment must be applied
regularly to prevent the termite attack, and this is costly, and may cause
environmental pollution.

Termite baiting system which is the most applicable method in termite control
has evolved (Su, 2003; Lenz and Evans, 2002). However, it has not been applied
or adapted in oil palm plantation, except for some minor trials on bait products
provided by manufacturers. There is no report on the product effectiveness being
published, except for termite control in building.

There are over two thousand species of termite and only a few species are
considered pests to human (Krishna et al., 2013). Coptotermes sp. is one of the
most aggressive species that destroy human properties. Coptotermes
curvignathus is the most dominant species reported to infest oil palm in Malaysia
and Indonesia (Lim and Silek, 2001, Cheng et al., 2008, Chan et al., 2011).

Various entomopathogenic fungus such as Metarhizium anisopliae, Beauveria
bassiana and Paecilomyces fumosoroseus has been lab tested that can use for
control termite (Chouvenc et al., 2011), but only Metarhizium anisopliae has
been develop into a product to use for control termite (Lenz, 2005). Nonetheless,
there was no single report been publish on their efficacy in field. Sun et al. (2003)
has stated that Metarhizium anisopliae was more effective compared with
Beauveria bassiana for control Coptotermes formosanus. Local virulence isolate
Metarhizium anisopliae var. anisopliae has ability to cause epizootic to termite
(Hoe et al., 2009).

Local isolate entomopathogenic fungus Metarhizium anisopliae var. anisopliae
has the potential to use as biocontrol agent to control termite. However, how to
produce a large quantity of fungus that is highly pathogenic, and how to deliver
the fungus to termite are the main considerations to ensure effective use of
fungus as biocontrol agent for termite in the field.



Therefore, the objective of this study were:

1.

Mass production of a local isolate of entomopathogenic fungus
Metarhizium anisopliae var. anisopliae in liquid state fermentation
for control of Coptotermes curvignathus.

Develop a bait formulation for a local Metarhizium anisopliae var.
anisopliae isolate to control Coptotermes curvignathus in oil palm on
peat.

Design and develop a termite bait delivery system applicable in oil
palm plantation in peat soil area.
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