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Termites are severe economic threats to agriculture and urban structures in the Indo-

Malaysia region. As a consequence of rapid expansion of the oil palm industry on peat 

area, termite infestation on monoculture oil palm becomes serious and 

Coptotermes curvignathus is identified as the main culprit that caused palm damage 

and loss. In current study, an enhancement of the infectivity and application methods 

against termites by combining entomopathogenic fungi with sublethal dosages of 

pesticides as stressor to weaken the pests towards fungal infection using termite baits 

was introduced as management tool. In order to choose the most compatible isolate for 

bait formulation, the germination, vegetative growth and spore production of 

Metarhizium anisopliae local isolates (TA, LR2 and MG) were examined in 

compatibility test with several sublethal doses of fipronil. Fipronil was found 

compatible and relatively less detrimental to fungal growth of isolate TA. Rubber 

sawdust bait supplemented with glucose was developed based on feeding preference of 

C. curvignathus through food size and nutrient test. The formulated bait incorporated 

with fipronil, Metarhizium, and glucose had shown no repellence to termites. The 

effective shelf life of formulated bait was determined through termite virulence test and 

HPLC method. In the present formulation studied, the formulated bait was shown to be 

effective against termites up to five months of storage. The synergism in efficacy of 

fungus-insecticide combinations in formulated bait was determined against 

C. curvignathus and the results showed synergies against subterranean termite 

mortalities at fipronil-Metarhizium combinations of 0.05 mg a.i. L-1 fipronil with either 

107 or 108 conidia g-1 in bait at 8 DPT. Moreover, with the addition of glucose in bait, 

synergistic effect was manisfested at 108 conidia g -1 M. anisopliae alone bait and also 

0.001 mg a.i. L-1 fipronil with 108 conidia g-1 in bait. The synergy between 

M. anisopliae and fipronil in termites has not been reported. The insecticidal stress 

caused by sublethal fipronil in formulated bait may weaken the termites and reduce 

their defense mechanism, which facilitates fungus infection on termites. Hence, termite 

defensive behavioral response such as grooming, cellular immunity response, tunneling, 

and spatial distribution of termite cadavers after treated with formulated bait were 

evaluated. As the first line of termite’s defensive mechanisms, the total frequency of 
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termite allogrooming within 72 hours post treatment was lowered down in the presence 

of fipronil in formulated bait which accelerated the probability of fungus infection 

against termites compared to the single treatment of fungus bait. Inhibition of grooming 

had been identified as the key factor to the enhanced infection rates. In histopathology 

study, C. curvignathus was proved to possess cellular immune response against fungus 

infection using Periodic Acid Schiff (PAS) staining. The occurrence of cellular 

encapsulation and melanization for termites that consumed formulated bait was lower 

than Metarhizium alone bait which was 45 and 65 times, respectively. The result 

suggested a possibility that a decrease of the cellular immune responses of termites was 

due to the addition of fipronil in formulated bait that weakening the immune system of 

termites and thereby increasing the susceptibility of termites to M. anisopliae infection. 

This finding can be improved in future work with more quantitative biochemical data 

to further prove the statement. Besides, slow action of formulated bait (fipronil 

0.001 mg a.i.  L-1 + Metarhizium 108 conidia g -1 + 1% glucose) was shown in infected 

termites which were still as active as the healthy termites in control treatment after bait 

feeding for three days with average tunneling speed 0.011 cm2 hour-1 termite-1. This 

increased the chance to create epizootic in subterranean termite colony when the 

disease was able to be delivered to nest by the active foragers. Another impact of 

fungus-insecticide combination was manifested in the spatial distribution of termite 

cadavers in laboratory test, whereby the infected cadavers were distributed in all 

primary and secondary harborages but significantly fewer in bait area. This indicated 

the diseases are able to disseminate to further area, presumably termite nest or satellite 

nests, and infect more colony members. The formulated bait was further evaluated on 

termite infested oil palm trees through above and underground baiting station for seven 

months. Rubber wood stakes consumption was used as an essential parameter to 

estimate the suppression of termites in the colony in underground station. The 

consumption of rubber wood by termites was significantly reduced 58.70% at first 

month post treatment of fungus-insecticide-glucose bait combination (fipronil 0.001 

mg a.i. L-1 + Metarhizium 108 conidia g-1 + 1% glucose). It implied that the number of 

foraging termites was reduced, perhaps as a result of weakened colony. The observed 

synergism treatment in laboratory and field trial showed the potential for integrated 

fungus-insecticide control method for subterranean termite management in oil palm 

industry.  
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Anai-anai merupakan suatu ancaman yang membimbangkan terhadap pembangunan 

ekonomi bagi industri pertanian serta kawasan bandar di rantau Indo-Malaysia. Akibat 

daripada perkembangan pesat industri kelapa sawit di atas tanah gambut, serangan 

anai-anai pada kelapa sawit monokultur menjadi serius dan Coptotermes curvignathus 

dikenal pasti sebagai punca utama yang menyebabkan kerosakan dan kerugian kelapa 

sawit. Dalam kajian semasa, peningkatan jangkitan dan aplikasi kaedah terhadap anai-

anai dengan menggabungkan kulat entomopatogenik dengan dos sublethal racun 

perosak sebagai penekan untuk melemahkan perosak terhadap jangkitan kulat dalam 

umpan anai-anai telah diperkenalkan sebagai alat pengurusan. Dalam usaha untuk 

memilih pencilan yang paling serasi untuk perumusan umpan, percambahan, 

pertumbuhan vegetatif dan spora pengeluaran Metarhizium anisopliae pencilan 

tempatan (TA, LR2 dan MG) telah diperiksa dalam ujian keserasian dengan beberapa 

dos sub maut fipronil. Fipronil ditemui sesuai dan agak kurang menjejaskan 

pertumbuhan kulat pencilan TA. Rumusan umpan gabungan fipronil, Metarhizium, dan 

glukosa telah diformulasikan berdasarkan makanan keutamaan C. curvignathus melalui 

ujian saiz dan nutrien umpan. Umpan yang diformulasikan ini menunjukkan tidak 

menghalau anai-anai. Efektif angka hayat umpan yang dirumuskan juga disiasat 

melalui ujian virulen anai-anai dan kaedah HPLC. Dalam formulasi yang dikaji, bahan 

aktif fipronil dan spora Metarhizium dalam umpan telah terbukti berkesan terhadap 

anai-anai selama lima bulan penyimpanan. Sinergi dalam keberkesanan kombinasi 

kulat dan racun serangga dalam umpan telah disiasat terhadap C. curvignathus dan 

keputusan menunjukkan sinergi terhadap mortaliti anai-anai  bawah tanah atas 

gabungan 0.05 mg a.i. L-1 fipronil sama ada dengan 107 atau 108 konidia g-1 

M. anisopliae dalam umpan pada 8 DPT. Selain itu, penambahan glukosa dalam umpan 

telah menunjukkan kesan sinergi pada 108 konidia g-1 M. anisopliae dan juga 0.001 

mg a.i. L-1 fipronil dengan 108 konidia g-1 dalam umpan. Sinergi di antara 

M. anisopliae dan fipronil tidak pernah dilaporkan pada anai-anai. Tekanan yang 

dihasilkan oleh sub-maut fipronil dalam umpan yang dirumuskan boleh melemahkan 

anai-anai dan mengurangkan mekanisme pertahanan mereka agar memudahkan 

jangkitan kulat pada anai-anai. Oleh itu, tindak balas tingkah laku pertahanan anai-anai 
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seperti dandanan, maklum balas imuniti selular, membina terowong, dan pengedaran 

ruang mayat anai-anai selepas dirawat dengan umpan yang difomulasikan telah dinilai. 

Sebagai barisan pertama mekanisme pertahanan anai-anai, jumlah kekerapan dandanan 

sesama anai-anai dalam masa 72 jam selepas rawatan telah diturunkan dalam rumusan 

umpan yang mengandungi fipronil. Ini telah memudahkan jangkitan kulat 

entomopatogenik terhadap anai-anai berbanding dengan umpan kulat sahaja. 

Perencatan dandanan adalah faktor utama kepada peningkatan kadar jangkitan. Dalam 

kajian histopatologi, C. curvignathus telah terbukti memiliki tindak balas imun selular 

atas jangkitan kulat dengan menggunakan Periodic Asid Schiff (PAS). Pengkapsulan 

selular dan proses melanisasi telah diturunkan dalam anai-anai yang makan rumusan 

umpan yang mengandungi fipronil berbanding dengan Metarhizium umpan sahaja, iaitu 

45 dan 65 kali. Ini berkemungkinan disebabkan gabungan racun serangga fipronil 

dalam kaedah kawalan biologi berkesan dalam melemahkan sistem imun selular anai-

anai dengan mengurangkan respons imunnya, untuk meningkatkan jangkitan anai-anai 

terhadap M. anisopliae. Penemuan ini boleh diperbaiki dengan meningkatkan data 

kuantitatif biokimia untuk membuktikan kenyataan itu. Selain itu, umpan yang 

bertindak perlahan ini (fipronil 0.001 mg a.i. L-1 + Metarhizium 108 konidia g-1 + 1% 

glukosa) telah dibuktikan dalam anai-anai yang dijangkiti tetapi keaktifan sama dengan 

rawatan kawalan dengan purata kelajuan pembinaan terowong 0.011 cm2 jam-1 anai-1 

selepas makan umpan selama tiga hari. Ini telah meningkatkan peluang untuk 

mewujudkan kesan epizootik kepada koloni anai-anai di bawah tanah apabila penyakit 

dapat disampaikan ke sarang oleh pekerja anai-anai. Salah satu kesan gabungan kulat 

dan racum serangga telah dimanifestasikan dalam pengagihan ruang mayat anai-anai 

dalam ujian makmal, di mana mayat yang dijangkiti telah diedarkan dalam semua 

pangkalan utama dan kecil tetapi ketara kurang di kawasan umpan. Ini menunjukkan 

penyakit dapat disebarkan ke kawasan yang lebih jauh, mungkin ke sarang atau sarang 

satelit anai-anai, dan menjangkiti lebih ramai ahli koloni. Umpan dirumuskan telah 

dinilai dalam lapangan pada pokok-pokok kelapa sawit yang diserangi oleh anai-anai 

melalui atas dan bawah tanah stesen umpan selama tujuh bulan. Pengambilan kayu 

getah oleh anai-anai telah digunakan sebagai satu parameter penting untuk 

menganggarkan penindasan anai-anai di stesen bawah tanah. Pengambilan kayu getah 

oleh anai-anai telah dikurangkan 58.70% pada bulan pertama selepas rawatan 

kombinasi umpan kulat, racun serangga dan glukosa (fipronil 0.001 mg a.i. L-1 + 

Metarhizium 108 konidia g-1 +  1% glukosa). Ia menunjukkan bahawa bilangan anai-

anai pencari makanan telah dikurangkan, berkemungkinan akibat daripada kelemahan 

koloni. Rawatan sinergi yang diperhatikan dalam kerja makmal dan lapangan 

menunjukkan kaedah kawalan kulat dan racun serangga bersepadu berpotensi dalam 

pengurusan anai-anai bawah tanah dalam industri kelapa sawit. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background and problem statement 

Termite damage is a serious predicament worldwide, especially in agriculture of the 

Indo-Malaysia region. As the rapid development of oil palm industry moves onto peat 

land in the country, termite problems arises unceasingly against this monoculture crops 

in every stages of palm growth. The main culprit of the termite pest in oil palm plantation 

is identified as Coptotermes curvignathus (Isoptera: Rhinotermitidae). This pestiferous 

termite species is a living tissue consumer, which feeds on the apical meristematic tissue 

of young oil palm and built the nest inside the trunks of mature palms (Cheng et al., 

2008). Infested palms can be recognized by the moist dark brown mud sheet on the trunk 

from the palm base upwards to the shoot. Severely infested palms often topple over as 

inner part of the tree is hollowed up which weaken the palm structure. More than 3% of 

the standing palms are dead as a consequence of termite damage each year (Zulkefli et 

al., 2012). This influences the yield production of oil palms dramatically with total loss 

of RM 217.8 (US$ 58) million yr-1 in fresh fruit bunches (Zulkefli et al., 2012). In the 

long term, termite infestation will inevitably cause a severe economic loss and menace 

to the industry if no action is being taken.  

Termite control is perhaps the most important and difficult pest management work of oil 

palm plantation on peat. In Malaysia, enormous cost of RM 30 - 37.5 (US$8 - 10) million 

is spent for battling against termite infestation every year (Verma et al., 2009). 

Concurrent with the increased damage from this insect pest, several ways have been 

applied against these natural calamities in the oil palm plantation, such as the use of 

chemical and biocontrol agents (Sudharto et al., 1991; Lim and Silek, 2001). However, 

there are pro and cons in both methods. The use of chemicals to control termites leads to 

rapid killing of the termites but heavy usage of chemical insecticides brings hazardous 

effect to the beneficial insects and environment. The most common chemical pesticide 

used by plantation owners is fipronil, a phenylpyrazoles insecticide, which acts on 

nervous system and used for control of many soil and foliar insects through contact and 

stomach poison activity (Yu, 2014). However, it is just a short term termite control 

method, whereby the plantations are still constantly suffering from termite infestations. 

Fipronil is applied regularly to prevent reinfestation of termite and this will inevitably 

increase the cost of termiticides usage. For biocontrol agents, the control effect of using 

biocontrol agent is slow and rather unstable, especially in natural environment if 

compared to chemical control. However, they are more persistence, cost effective, target 

specific and less potential for damage to environment or non-target organisms (Lacey 

et al., 2001, 2015; Milner et al., 2003; Srivastava et al., 2009). With the growing of 

environmental awareness, it is an urge to figure out an alternative that is effective, 

economic, and environmental friendly termite management tool. 

The use of entomopathogenic fungus, Metarhizium anisopliae as biocontrol agents has 

been envisaged as a promising method and widely used in other pests control 
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management. However, it turns into a problematic issue when it comes to the 

subterranean termites C. curvignathus due to termites’ natural cryptic living habits and 

an array of defensive behavior response against entomopathogens. For instance, 

triggering alarm behavior (Rosengaus et al., 1999; Myles, 2002a), aggregation around 

spore-treated individuals or avoidance of infective cadavers (Milner et al., 1998; 

Baverstock et al., 2010), grooming (Su et al., 1982; Yanagawa and Shimizu, 2007; 

Chouvenc et al., 2008; Yanagawa et al., 2008, 2010; Zhukovskaya et al., 2013), 

necrophagy or cannibalism (Myles, 2002b; Chouvenc and Su, 2012), necrophoresis or 

burial of infected cadavers (Jones et al., 1996; Yanagawa et al., 2011; Chouvenc et al., 

2012b; Ulyshen and Shelton, 2012), cellular and humoral immunity (Chouvenc et al., 

2009a; Avulova and Rosengaus, 2011), and antifungal gut activity (Chouvenc et al., 

2009b, 2010). Termite defensive response against fungus infection induces a great 

barrier and often result in unsuccessful epizootic in subterranean termite colony in the 

last 50 years of research works (Chouvenc et al., 2011b). Therefore, the aim of termite 

control or elimination in the field is exceptionally difficult with the current circumstances. 

To alleviate the shortcomings, alternative termite control methods should be developed 

such as the combination of both biocontrol agent and sublethal doses of chemical 

insecticide for the pest control, which has been promoted in the Integrated Pest 

Management (IPM) strategy. The integrated pest control methods are getting more 

appealing in the worldwide research of pest control. Numerous research studies have 

reported on the potential use of entomopathogenic fungi incorporated with 

agrochemicals in a whole range of pests. Several studies have documented that some 

insecticides have the capacity to induce a broad range of sublethal effects such as 

behavioral or physiological alterations in insect pests, for instance, abnormal movement, 

reduction in feeding and foraging activities, and reproductive impairment when used in 

sublethal doses (Serrao et al., 2000; Desneux et al., 2007; Zhu et al., 2013; Pisa et al., 

2015), which might facilitate pathogen infection against the insect pests. In addition, 

baiting is the most recent method of termite pest control which sounds environmentally 

and had been successful implemented to control some termite species (Verma et al., 

2009). Therefore, IPM strategies on termite baiting is suggested as an alternative termite 

control method in this study, whereby entomopathogenic fungus and chemical 

insecticide are incorporated in bait formulation for suppressing the cryptic underground 

nesting species, C. curvignathus in oil palm plantation. The hypothesis of the study is 

that the combination of fungus and insecticide is able to act synergistically by enhancing 

the infectivity, weakening the pests, and reducing their defense mechanism, in order to 

cause rapid decline in the C. curvignathus infestation. 
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1.2 Objectives 

 

 

The objectives of this research are to: 

 

 

i. Formulate a bait incorporating Metarhizium anisopliae and Fipronil to 

control Coptotermes curvignathus 

ii. Evaluate the effect of formulated bait on defensive behavioral response of 

Coptotermes curvignathus 

iii. Determine the effect of formulated bait against Coptotermes curvignathus 

infestation in oil palm plantation 

3

© C
OPYRIG

HT U
PM



REFERENCES 

 

 

Abbott, W.S. 1925. A method for computing the effectiveness of an insecticide. Journal 

of Economic Entomology 18: 265-267. 

 

Abe, T. 1984. Colonization of the Krakatau Islands by termites (Insecta: Isoptera). 

Physiology and Ecology Japan 21: 63-88.  

 

Abe, T. 1987. Evolution of life types in termites. In Evolution and Coadaptation in Biotic 

Communities, ed. S. Kawano, J.H. Connell, and T. Hidaka, pp. 126-148. Tokyo: 

University of Tokyo Press. 

 

Ahmad, M. 2009. Observed potentiation between pyrethroid and organophosphate 

insecticides for the management of Spodoptera litura (Lepidoptera: Noctuidae). 

Crop Protection 28: 264-268.  

 

Almeida, J.E.M, Alves, S.B., Moino Jr., A. and Lopes, R.B. 1997. Controle do cupim 

subterrâneo Heterotermes tenuis (Hagen) com iscas termitrap impregnadas com 

inseticidas e associadas ao fungo entomopatogênico Beauveria bassiana (Bals.) 

Vuill. Anais da Sociedade Entomológica do Brasil 27: 639-44. 

 

Almeida, J.E.M. and Alves, S.B. 1996. Mortalidade de Heterotermes tenuis (Hagen) 

atraídos por armadilhas com Beauveria bassiana (Bals.) Vuill. e imidacloprid. 

Anais da Sociedade Entomológica do Brasil 25:507-512. 

 

Alves, R.T., Bateman, R.P., Gunn, J., Prior, C. and Leather, S.R. 2002. Effects of 

different formulations on viability and medium-term storage of Metarhizium 

anisopliae conidia. Neotropical Entomology 31: 91-99. 

 

Alves, S.B., Moino Jr., A. and Almeida, J.E.M. 1998. Produtos fitossanitários e 

entomopatógenos. In Controle mcrobiano de insetos, ed. S.B. Alves, pp. 269-289. 

São Paulo, Fealq.  

 

Ambethgar, V. 2009. Potential of entomopathogenic fungi in insecticide resistance 

management (IRM): a review. Journal of biopesticides 2: 177-193. 

 

Anderson, T.E. and Roberts, D.W. 1983. Compatibility of Beauveria bassiana isolates 

with insecticide formulations used in Colorado potato beetle (Coleoptera: 

Chrysomelidae) control. Journal of Economic Entomology 76: 1437-1441. 

 

Anderson, T.E., Hajek, A.E., Roberts, D.W., Preisler, H.K. and Robertson, J.L. 1989. 

Colorado potato beetle (Coleoptera: Chrysomelidae): Effects of combinations of 

Beauveria bassiana with insecticides. Journal of Economic Entomology 82: 83-

89.  

 

Appel, A.G. 2004. Contamination affects the performance of insecticidal baits against 

German cockroaches (Dictyoptera: Blattellidae). Journal of Economic 

Entomology 97: 2035-2042. 

153

© C
OPYRIG

HT U
PM



Arab, A., Blanco, Y.C. and Costa-Leonardo, A.M. 2012. Dynamics of foraging and 

recruitment behaviour in the Asian subterranean termite Coptotermes gestroi 

(Rhinotermitidae). Psyche Article ID 806782: 1-7. 

 

Arab, A., Costa-Leonardo, A.M., Casarin, F.E., Guaraldo, A.D.C. and Chaves, R.C. 2005. 

Foraging activity and demographic patterns of two termite species (Isoptera: 

Rhinotermitidae) living in urban landscapes in southeastern Brazil. European 

Journal of Entomology 102: 691-697. 

 

Arruda, W., Lübeck, I., Schrank, A. and Vainstein, M.H. 2005. Morphological 

alterations of Metarhizium anisopliae during penetration of Boophilus microplus 

ticks. Experimental and Applied Acarology 37: 231-244.  

  

Asi, M.R., Bashir, M.H., Afzal, M., Ashfaq, M. and Sahi, S.T. 2010. Compatibility of 

entomopathogenic fungi, Metarhizium anisopliae and Paecilomyces 

fumosoroseus with selective insecticides. Pakistan Journal of Botany 42: 4207-

4214. 

 

Avulova, S. and Rosengaus, R.B. 2011. Losing the battle against fungal infection: 

Suppression of termite immune defenses during mycosis. Journal of Insect 

Physiology 57: 966-971. 

 

Balachander, M., Remadevi, O.K. and Sasidharan, T.O. 2013. Dissemination of 

Metarhizium anisopliae infection among the population of Odontotermes obesus 

(Isoptera: Termitidae) by augmenting the fungal conidia with attractants. Journal 

of Asia-Pacific Entomology 16: 199-208.  

 

BASF. 2013. Insecticide mode of action: Technical training manual, pp. 72. United State: 

BASF Corporation. 

 

Baverstock, J., Roy, H.E. and Pell, J.K. 2010. Entomopathogenic fungi and insect 

behaviour: from unsuspecting hosts to targeted vectors. BioControl 55: 89-102.  

 

Bell, W.J., Roth, L.M. and Nalepa, C.A. 2007. Cockroaches. Ecology, Behavior, and 

Natural History, pp. 230. Baltimore: The Johns Hopkins University Press.  

 

Bernklau, E.J., Fromm, E.A., Judd, T.M. and Bjostad, L.B. 2005. Attraction of 

subterranean termites (Isoptera) to carbon dioxide. Journal of Economic 

Entomology 98: 476-484.  

 

Bhan, S., Mohan, L. and Srivastava, C.N. 2015. Synergistic larvicidal potential of 

Temephos and entomopathogenic fungus, Aspergillus flavus against filarial 

vector, Culex quinquefaciatus (Say). International Journal of Mosquito Research 

2: 33-37. 

 

Bhan, S., Shrankhla, M.L. and Srivastava C.N. 2013a. Combinatorial potentiality of 

Aspergillus flavus and Cuscuta reflexa against Mosquito Vectors. Advances in 

Bioresearch 4: 99-105.  

 

Bhan, S., Shrankhla, M.L. and Srivastava C.N. 2013b. Larvicidal toxicity of Temephos 

and entomopathogenic fungus, Aspergillus flavus and their synergistic activity 

154

© C
OPYRIG

HT U
PM



against malaria vector, Anopheles stephensi. Journal of Entomology and Zoology 

Studies 1: 55-60.  

 

Bitsadze, N., Jaronski, S., Khasdan, V., Abashidze, E., Latchininsky, A., Samadashvili, 

D., Sokhadze, I., Rippa, M., Ishaaya, I. and Horowitz, A.R. 2013. Joint action of 

Beauveria bassiana and the insect growth regulators diflubenzuron and novaluron, 

on the migratory locust, Locusta migratoria. Journal of Pest Science 86: 293-300. 

 

Bobe, A., Meallier, P., Cooper, J. and Coste, C.M. 1998. Kinetics and mechanisms of 

abiotic degradation of fipronil (hydrolysis and photolysis). Journal of 

Agricultural and Food Chemistry 46: 2834-2839. 

 

Bong, C.F.J. and King, J.H.P. 2006. An assessment of termite infestation of oil palm on 

peat, In Bulletin UPMKB 01-2006. Malaysia: Universiti Putra Malaysia Bintulu 

Sarawak Campus. 

 

Bong, C.F.J. and Liew, S.N. 2004. Early establishment of oil palm on peat. The Planter 

84: 563-570. 

 

Botch, P.S., Brennan, C.L. and Judd, T.M. 2010. Seasonal effects of calcium and 

phosphates on the feeding preference of the termite Reticulitermes flavipes 

(Isoptera: Rhinotermitidae). Sociobiology 55: 489-498.  

 

Boucias, D.G., Pendland, J.C. and Latge, J.P. 1988. Nonspecific factors involved in 

attachment of entomopathogenic Deuteromycetes to host insect cuticle. Applied 

and Environmental Microbiology 54: 1795-1805. 

 

Broadbent. S., Farr, M., Bernklau, E.J., Siderhurst, M.S., James, D.M. and Bjostad, L.B. 

2006. Field attraction of termites to a carbon dioxide-generating bait in Australia 

(Isoptera). Sociobiology 48: 1-9.  

 

Bukhari, T., Takken, W. and Koenraadt, C.JM. 2011. Development of Metarhizium 

anisopliae and Beauveria bassiana formulations for control malaria mosquito 

larvae. Parasites and Vectors 4: 1-23. 

 

Burges, H.D. 1981. Safety, safety testing and quality control of microbial pesticides. In 

Microbial Control of Pests and Plant Diseases 1970-1980, ed. H.D. Burges, pp. 

738-767. London: Academic Press. 

 

Campora, C.E. and Grace, J.K. 2009. Comparison of tunnelling in the laboratory and 

field by the Formosan subterranean termite, Coptotermes formosanus (Isoptera: 

Rhinotermitidae). Sociobiology 53: 389-401. 

 

Castellanos-Moguel, J., González-Barajas, M., Mier, T., Reyes Montes, M.R., Aranda, 

E. and Toriello, C. 2007. Virulence testing and extracellular subtilisin-like (Pr1) 

and tripsina-like (Pr2) activity during propagule production of Paecilomyces 

fumosoroseus isolates from whiteflies (Homoptera: Aeyrodidae). Revista 

Iberoamericana de Micología 24: 62-68. 

 

Castillo, J.C., Reynolds, S.E. and Eleftherianos, I. 2011. Insect immune responses to 

nematode parasites. Trends in Parasitology 27: 537-547. 

155

© C
OPYRIG

HT U
PM



Castillo, V.P., Sajap, A.S. and Sahri, M.H. 2013. Feeding response of subterranean 

termites Coptotermes curvignathus and Coptotermes gestroi (Blattodea: 

Rhinotermitidae) to baits supplemented with sugars, amino acids, and cassava. 

Journal of Economic Entomology 106: 1794-1801.  

 

Chan, S.P., Bong, C.F.J. and Lau, W.H. 2011. Damage pattern and nesting characteristic 

of Coptotermes curvignathus (Isoptera: Rhinotermitidae) in oil palm on peat. 

American Journal of Applied Sciences 8: 420-427. 

 

Chandler, G.T., Cary, T.C., Volz, D.C., Walse, S.S. and Ferry, J.L. 2004. Fipronil effects 

on estuarine copepod (Amphiascus tenuiremis) development, fertility, and 

reproduction: A rapid life-cycle assay in 96-well microplate format. 

Environmental Toxicology and Chemistry 23: 117–124. 

 

Chantuma, P., Lacointe, A., Kasemsap, P., Thanisawanyangkura, S., Gohet, E., Clement, 

A., Guilliot, A., Ameglio, T. and Thaler, P. 2009. Carbohydrate storage in wood 

and bark of rubber trees submitted to different level of C demand induced by latex 

tapping. Tree Physiology 29: 1021-1031. 

 

Chapman, R.F. 2013. The Insects Structure and Function, 5th Edition, ed. S.J. Simpson, 

and A.E. Douglas, pp. 929. United Kingdom: Cambridge University Press. 

 

Charnley, A.K. and Collins, S.A. 2007. Entomopathogenic fungi and their role in pest 

control. In The Mycota IV: Environmental and Microbial Relationships, 2nd 

Edition, ed. C.P. Kubicek, and I.S. Druzhinina, pp. 159-187. New York: Springer. 

 

Chen, J. and Henderson, G. 1996. Determination of feeding preference of Formosan 

subterranean termite (Coptotermes formosanus Shiraki) for some amino acid 

additives. Journal of Chemical Ecology 22: 2359-2369.  

 

Cheng, D.B., 2013. Progress in termite pheromones. Acta Entomologica Sinica 56: 419-

426.  

 

Cheng, S., Kirton, L.G. and Gurmit, S. 2008. Termite attack on oil palm grown on peat 

soil: Identificantion of pest species and factors contributing to the problem. The 

Planter 84: 659-670. 

 

Cheraghi, A., Habibpour, B. and Mossadegh, M.S. 2013. Application of bait treated with 

the entomopathogenic fungus Metarhizium anisopliae (Metsch.) Sorokin for the 

control of Microcerotermes diversus Silv. Psyche Article ID 865102: 1-5. 

 

Chin, K.L., H’ng, P.S., Wong, L.J., Tey, B.T. and Paridah, M.T. 2011. Production of 

glucose from oil palm trunk and sawdust of rubberwood and mixed hardwood. 

Applied Energy 88: 4222-4228. 

 

Chouvenc, T. and Su, N.Y. 2010. Apparent synergy among defense mechanisms in 

subterranean termites (Rhinotermitidae) against epizootic events – The limits and 

potential for biological control. Journal of Economic Entomology 103: 1327-1337. 

 

Chouvenc, T. and Su, N.Y. 2012. When subterranean termites challenge the rules of 

fungal epizootics. PloS ONE 7: e34484.  

156

© C
OPYRIG

HT U
PM



Chouvenc, T., Efstathion, C.A., Elliott, M.L. and Su, N.Y. 2012a. Resource competition 

between two fungal parasites in subterranean termites. Naturwissenschaften 99: 

949-958.  

 

Chouvenc, T., Efstathion, C.A., Elliott, M.L. and Su, N.Y. 2013. Extended disease 

resistance from the faecal nest of a subterranean termite. Proceedings of the Royal 

Society B 280: 20131885. 

 

Chouvenc, T., Elliott, M.L. and Su, N.Y. 2011a. Rich microbial community associated 

with the nest material of Reticulitermes flavipes (Isoptera: Rhinotermitidae). 

Florida Entomologist 94: 115-116. 

 

Chouvenc, T., Robert, A., Sémon, E. and Bordereau, C. 2012b. Burial behaviour by 

delates of the termite Pseudacanthotermes spiniger (Termitidae, Macrotermitinae) 

induced by chemical signals from termite corpses. Insectes Sociaux 59: 119-125. 

 

Chouvenc, T., Su, N.Y. and Elliot, M.L. 2008. Interaction between the 

subterraneantermite Reticulitermes flavipes (Isoptera: Rhinotermitidae) and the 

entomopathogenic fungus Metarhizium anisopliae in foraging arenas. Journal of 

Economic Entomology 101: 885-893. 

 

Chouvenc, T., Su, N.Y. and Grace, J. K. 2011b. Fifty years of attempted biological 

control of termites: Analysis of a failure. Biological Control 59: 69-82.  

 

Chouvenc, T., Su, N.Y. and Robert, A. 2009a. Cellular encapsulation in the eastern 

subterranean termite, Reticulitermes flavipes (Isoptera), against infection by the 

entomopathogenic fungus Metarhizium anisopliae. Journal of Invertebrate 

Pathology 101: 234-241. 

 

Chouvenc, T., Su, N.Y. and Robert, A. 2009b. Inhibition of Metarhizium anisopliae in 

the alimentary tract of the eastern subterranean termite Reticulitermes flavipes. 

Journal of Invertebrate Pathology 101: 130-136. 

 

Chouvenc, T., Su, N.Y. and Robert, A. 2009c. Susceptibility of seven termite species 

(Isoptera) to the entomopathogenic fungus Metarhizium anisopliae. Sociobiology 

54: 723-748. 

 

Chouvenc, T., Su, N.Y. and Robert, A. 2010. Inhibition of the fungal pathogen 

Metarhizium anisopliae in the alimentary tracts of the five termite (Isoptera) 

species. Florida Entomologist 93: 467-469. 

 

Chouvenc, T., Su, N.Y. and Robert, A. 2011c. Differences in cellular encapsulation of 

six termite (Isoptera) species against infection by the entomopathogenic fungus 

Metarhizium anisopliae. Florida Entomologist 94: 389-397.  

 

Chuah, C.H., Goh, S.H. and Tho, Y.P. 1989. Interspecific variation in defence secretions 

of Malaysia termites from the genus Nasutitermes (Isoptera, Nasutitermitinae). 

Journal of Chemical Ecology 15: 549-563. 

 

157

© C
OPYRIG

HT U
PM



Chuah, C.H., Goh, S.H. and Tho, Y.P. 1990. Chemical defence secretions of some 

species of Malaysian Rhinotermitidae (Isoptera, Rhinotermitidae). Journal of 

Chemical Ecology 16: 685-692.  

 

Clerk, G.C. and Madelin, M.F. 1965. The longevity of conidia of three insect-parasitizing 

Hyphomycetes. Transactions of the British Mycological Society 48: 193-209. 

 

Cole, L.M., Nicholson, R.A. and Casida, J.E. 1993. Action of phenylpyrazole 

insecticides at the GABA-gated chloride channel. Pesticide Biochemistry and 

Physiology 46, 47-54. 

 

Connelly, P. 2001. Environmetal fate of fipronil: California Environmental Protection 

Agency, Department of Pesticide Regulation. Retrieved 1 October 

2015, from https://www.fluoridealert.org/wpcontent/pesticides/fipronil.ca.epa.2

001.pdf. 

 

Corley, R.H.V. and Tinker, P.B. 2003. The Oil Palm, Fourth Edition, pp. 562. United 

Kingdom: Blackwell Science Ltd. 

 

Cornelius, M. L., Lyn, M., Williams, K.S., Lovisa, M.P., De Lucca, A.J. and Lax, A.R. 

2009. Efficacy of bait supplements for improving the rate of discovery of bait 

stations in the field by Formosan subterranean termites (Isoptera: 

Rhinotermitidae). Journal of Economic Entomology 102: 1175-1181. 

Cornelius, M.L. and Osbrink, W.L.A. 2003. Agonistic interactions between colonies of 

the Formosan subterranean termite (Isoptera: Rhinotermitidae) in New Orleans, 

Louisiana. Environmental Entomology 32: 1002-1009. 

 

Cornelius, M.L. and Osbrink, W.L.A. 2008. Effect of bait supplements on the feeding 

and tunneling behavior of the Formosan subterranean termite (Isoptera: 

Rhinotermitidae). Sociobiology 51: 497-511.  

 

Cornelius, M.L., Daigle, D.J., Connick Jr., W.J., Parker, A. and Wunch, K. 2002. 

Responses of Coptotermes formosanus and Reticulitermes flavipes (Isoptera: 

Rhinotermitidae) to three types of wood rot fungi cultured on different substrates. 

Journal of Economic Entomology 95: 121-128.  

 

Cousins, W.J. 1976. Elastic modulus of lignin as related to moisture content. Wood 

Science and Technology, 10: 9-17. 

 

Cullinery, T.W. and Grace, J.K. 2000. Prospects for the biological control of 

subterranean termites (Isoptera: Rhinotermitidae), with special reference to 

Coptotermes formosanus. Bulletin of Entomological Research 90: 9-21. 

 

Curtis, C.F. 1985. Theoretical models of the use of insecticide mixtures for management 

of resistance. Bulletin of Entomological Research 75: 259-265. 

 

Curtis, C.F., Hill, N. and Kasim, S.H. 1993. Are there effective resistance management 

strategies for vectors of human disease? Biological Journal of the Linnean Society 

48: 3-18. 

 

158

© C
OPYRIG

HT U
PM



Cuthbertson, A.G.S., Waltrs, K.F.A. and Deppe, C. 2005. Compatibility of the 

entomopathogenic fungus Lecanicillium muscarium and insecticides for 

eradication of sweet potato whitefly, Bemisia tabaci. Mycopathologia 160: 35-41.  

 

Dayakar, S., Kanaujia, K.R. and Rathore, R.R.S. 2000. Compatibility of entomogenous 

fungi with commonly used insecticides for the management of Spodoptera litura 

(Fab.). In Microbial in Insect Pest Management, ed. S. Ignacimuthu, and A. Sen, 

pp. 47-52. M. Delhi, Kolkata: Oxford and IBH Publishing Co. Pvt. Ltd. 

 

De Faria, M.R. and Wraight, S.P. 2007. Mycoinsecticides and mycoacaricides: A 

comprehensive list with worldwide coverage and international classification of 

formulation types. Biological Control 43: 237-256. 

 

Debnath, S., Dutta, P., Rahman, A., Sarmah, M., Dutta, A., Begum, R., Borthakur, M. 

and Barthakur, B.K. 2012. Field performance of a native entomopathogen, 

Metarhizium anisoliae against live-wood eating termite of tea in Cachar. Two and 

a Bud 59: 35-38. 

 

Derakhshan, A., Rabindra, R.J. and Ramanujam, B. 2008. Effect of storage conditions 

of formulations on viability of Verticillium lecanii (Zimmerman) Viegas and its 

virulence to Brevicoryne brassicae (L.). Journal of Biological Science 8: 498-501. 

 

Desneux, N., Decourtye, A. and Delpuech, J.M. 2007. The sublethal effects of pesticides 

on beneficial arthropods. Annual Review of Entomology 52: 81-106. 

 

Dharam, P.A. 2011. Decline in pollinators, In Pollination Biology: Biodiversity 

Conservation and Agricultural Production, pp. 545-601. Netherlands: Springer. 

 

Ding, F., Ji, B., Liu, S., Cao, D., Yang, J., Zhang, X., Ji, S., Liu, J., Ehsan, S. and Wang, 

H. 2015. Food selection of termites. Chinese Agricultural Science Bulletin 31: 

166-173.  

 

DOA (Department of Agriculture, Malaysia). 2015. Registed pesticide 1 Nov 2010–1 

Oct 2015. Retrieved 29 Jan 2016. 

 

Dong, C., Zhang, J., Huang, H., Chen, W. and Hu, Y. 2009. Pathologenicity of new 

China variety of Metarhizium anisopliae (M. anisopliae var. dcjhyium) to 

subterranean termite Odontotermes formosanus. Microbiological Research 164: 

27-35. 

 

Donovan, S.E., Eggleton, P. and Bignell, D.E. 2001. Gut content analysis and new 

feeding group classification of termites. Ecological Entomology 26: 356-366. 

 

Dutta, P., Pegu, J. and Puzari, K.C. 2013. Current status and future prospects of 

entomopathogenic fungi in North East India. Kavaka 41: 75-86. 

 

Eggleton, P. 2011. An introduction to termites: biology, taxonomy and functional 

morphology. In Biology of Termites: A Modern Synthesis, ed. D.E. Bignell, Y. 

Roisin, and N. Lo, pp. 1-26. New York: Springer. 

 

159

© C
OPYRIG

HT U
PM



Eggleton, P. 2001. Termites and trees: a review of recent advances in termite 

phylogenetics. Insectes Sociaux 48: 187-193. 

 

Eligon, A.M., Achong, A. and Saunders, R. 1992. Moisture adsorption and desorption 

properties of some tropical woods. Journal of Materials Science 27: 3442-3456. 

 

Elzein, A., Kroschel, J. and Müller-Stover, D. 2004. Effects of inoculums type and 

propagule concentration on shelf-life of Pesta formulations containing Fusarium 

oxysporum Foxy 2, a potential mycoherbicide agent for Striga spp. Biological 

Control 30: 203-211. 

 

Ericsson, J.D., Kabaluk, J.T., Goettel, M.S. and Myers, J.H. 2007. Spinosad interacts 

synergistically with the insect pathogen Metarhizium anisopliae against the exotic 

wireworms Agriotes lineatus and Agriotes obscures (Coleoptera: Elateridae). 

Journal of Economic Entomology 100: 31-38. 

 

Evans, T.A. and Iqbal, N. 2014. Termite (order Blattodea, infraorder Isoptera) baiting 20 

years after commercial release. Pest Management Science 71: 897-906. 

 

Evans, T.A., Lai, J.C.S., Toledano, E., McDowall, L., Rakotonarivo, S. and Lenz, M. 

2005. Termites assess wood size by using vibration signals. Proceedings of the 

National Academy of Sciences 102: 3732-3737.  

 

Evans, T.A., Lenz, M. and Gleeson, P.V. 1998. Testing assumptions of mark-recapture 

protocols for estimating population size using Australian mound-building, 

subterranean termites. Ecological Entomology 23: 139-149. 

 

Evans, T.A., Lenz, M. and Gleeson, P.V. 1999. Estimating population size and forager 

movement in a tropical subterranean termite (Isoptera: Rhinotermitidae). 

Environmental Entomology 28: 823-830. 

 

Evans, T.A., R. Inta, J.C.S. Lai and M. Lenz, 2007. Foraging vibration signals attract 

foragers and identify food size in the Drywood termite, Cryptotermes secundus. 

Insectes Sociaux 54: 374-382. 

 

Ezzati-Tabrizi, R., Talaei-Hassanloui, R. and Pourian, H. 2009. Effect of formulating of 

Beauveria bassiana conidia on their viability and pathogenicity to the onion thrips, 

Thrips tabaci Lind. (Thysanoptera: Thripidae). Journal of Plant Protection 

Research 49: 97-104. 

 

Farenhorst, M., Knols, B.G.J., Thomas, M.B., Howard, A.F.V., Takken, W. and Mark, 

R.M. 2010. Synergy in efficacy of fungal entomopathogens and permethrin 

against West African insecticide-resistant Anopheles gambiae Mosquitoes. PLos 

One 5: e12081. 

 

Faria, M., Hajek, A.E. and Wraight, S.P. 2009. Imbibitional damage in conidia of the 

entomopathogenic fungi Beauveria bassiana, Metarhizium acridum, and 

Metarhizium anisopliae. Biological Control 51: 346-354. 

 

160

© C
OPYRIG

HT U
PM



Fenet H, Beltran, E., Gadji, B., Cooper, J.F. and Coste, C.M. 2001. Fate of a 

phenylpyrazole in vegetation and soil under tropical field conditions. Journal of 

Agricultural and Food Chemistry 49: 1293-1297. 

 

Finney, D.J. 1971. Probit analysis, Third edition, pp. 333. United Kingdom: Cambridge 

University Press. 

 

Forschler, B.T. and Townsend, M.L. 1996. Mark-release-recapture estimates of 

Reticulitermes spp. (Isoptera: Rhinotermitidae) colony foraging populations from 

Georgia, U.S.A. Environmental Entomology 25: 952-962. 

 

French, J.R.J and Robinson, P.J. 1981. Baits for aggregating large numbers of 

subterranean termites. Journal of Australian Entomological Society 20: 75-76. 

 

Galvanho, J.P., Carrera, M.P., Moreira, D.D.O., Erthal Jr., M., Silva, C.P. and Samuels, 

R.I. 2013. Imidacloprid inhibits behavioral defences of the leaf-cutting ant 

Acromyrmex subterraneus subterraneus (Hymenoptera: Formicidae). Journal of 

Insect Behaviour 26: 1-13.  

 

Getty, G.M., Haverty, M.I., Lewis, V.R. and Sbragia, R.J. 1999. Interfacing basic 

biology of Reticulitermes spp. and the Sentricon Termite Colony Elimination 

System in northern California, USA. In Proceedings of the 3rd International 

Conference on Urban Pests (ICUP), Czech University of Agriculture, 19-22 July 

1999, ed. W.H. Robinson, F. Rettich, and G.W. Rambo, pp. 601-604. Czech 

Republic.  

 

Getty, G.M., Solek, C.W., Sbragia, R.J., Haverty, M.I. and Lewis, V.R. 2007. Large-

scale suppression of a subterranean termite community using the Sentricon 

termite colony elimination system: A case study in Chatsworth, California, USA. 

Sociobiology 50: 1041-1050.  

 

Gillbanks, R.A. 2003. Standard agronomic procedures and practices. In Oil palm: 

Management for Large and Sustainable Yields, ed. T. Fairhurst, and R. Härdter, 

pp. 115-161. Switzerland: International Plant Nutrition Institute and International 

Potash Institute. 

 

Gillot, C. 2005. The Plecopteroid, Blattoid, and Orthopteroid Orders. In Entomology, 3rd 

Edition, pp. 163. Netherlands: Springer. 

 

Gomes, S.A., Paula, A.R., Ribeiro, A., Moraes, C.O.P., Santos, J.W.A.B, Silva, C.P. and 

Samuels, R.I. 2015. Neem oil increases the efficiency of the entomopathogenic 

fungus Metarhizium anisopliae for the control of Aedes aegypti (Diptera: 

Culicidae) larvae. Parasites and Vectors 8: 669.  

 

Grace, J.K., Torne, C.H.M., Shelton, T.G., Oshiro, R.J. and Yates III, J.R. 1996. Baiting 

studies and considerations with Coptotermes formosanus (Isoptera: 

Rhinotermitidae) in Hawaii. Sociobiology 28: 511-520. 

 

Griffon, D., Andara, C. and Jaffe, K. 2015. Emergence, self-oraganization and network 

efficienct in gigantic termite-nest-networks build using simple rules. eprint 

arXiv:1506.01487. 

161

© C
OPYRIG

HT U
PM



Gunasekara, A.S., Truong, T., Goh, K.S., Spurlock, F. and Tjeerdema, R.S. 2007. 

Environmental fate and toxicology of fipronil. Journal of Pest Science 32: 189-

199. 

 

Hadjmohammadi, M.R., Nikou, S.M. and Kamel, K.. 2006. Determination of fipronil 

residue in soil and water in the rice fields in north of Iran by RP-HPLC method. 

Acta Chimica Slovenica 53: 517-520. 

 

Haifig, I., Marchetti, F.F. and Costa-Leonardo, A.M. 2010. Nutrients affecting food 

choice by the pest subterranean termite Coptotermes gestroi (Isoptera: 

Rhinotermitidae). International Journal of Pest Management 56: 371-375.  

 

Hainzl, D., Cole, L.M. and Casida, J.E. 1998. Mechanisms for selective toxicity of 

fipronil insecticide and its sulfone metabolite and desulfinyl photoproduct. 

Chemical Research in Toxicology 11: 1529-1535. 

 

Harris, W.V. 1969. Termites as pests of crops and trees, pp. 41. London: Commonwealth 

Institute of Entomology. 

 

Harris, W.V. 1971. Termite injurious to agriculture. In Termites: Their Recognition and 

Control, ed. N.E. Hickin, pp. 186. London: Longman Group Limited. 

 

Haverty, M.I. and Nutting, W.L. 1974. Natural wood-consumption rates and survival of 

a dry-wood and a subterranean termite at constant temperature. Annals of the 

Entomological Society of America 67: 153-157. 

 

Haverty, M.I. and Nutting, W.L. 1975. A stimulation of wood consumption by the 

subterranean termite, Heterotermes aureus (Snyder), in an Arizona desert 

grassland. Insectes Sociaux 22: 93-102. 

 

Haverty, M.I., Copren, K.A., Getty, G.M. and Lewis, V.R. 1999. Agonistic behavior and 

cuticular hydrocarbon phenotypes of colonies of Reticulitermes (Isoptera: 

Rhinotermitidae) from northern California. Annals of the Entomological Society 

of America 92: 269-277. 

 

Hedgecock, S., Moore, D., Higgins, P.M. and Prior, C. 1995. Influence of moisture 

content on temperature tolerance and storage of Metarhizium flavoviride in an oil 

formulation. Biocontrol Science and Technology 5: 371-377. 

 

Hedlund, J.C. and Herderson, G. 1999. Effect of available food size search tunnel 

formation by the Formosan subterranean termite (Isoptera: Rhinotermitidae). 

Journal of Economic Entomology 92: 610-616. 

 

Heong, K.L., Tan, K.H., Gracia, C.P.F., Liu, Z. and Lu, Z. 2013. Preparation of test 

solutions and estimating the median lethal dose (LD50). In Research methods in 

toxicology and insecticide monitoring of rice planthoppers (2nd Edition), pp. 55-

59. Philippines: International Rice Research Institute. 

 

Henderson, G. and Forschler, B.T. 1996. Termite bait screening using naturally-infested 

trees. In Proceedings of the Second International Conference on Urban Pests, 7-

10 July 1996, ed. K.B. Wildey, pp. 449-460. Edinburg.  

162

© C
OPYRIG

HT U
PM



Henson, I.E., Chang, K.C., Aisbah, M.S.N., Hasnuddin, Y. and Zakaria, A. 1999. The 

oil palm trunk as carbohydrate reserve. Journal of Oil Palm Research 11: 98-113.  

 

Hewitt, P.H., Nel, J.J.C. and Schoeman, I. 1971. Influence of group size on water 

imbibitions by Hodotermes mossambicus alate termites. Journal of Insect 

Physiology 17: 587-600.  

 

Higashi, M., Abe, T. and Burns, T.P. 1992. Carbon-nitrogen balance and termite ecology. 

Proceedings of the Royal Society of London Series B: Biological Sciences 249: 

303-308.  

 

Hiromori, H. and Nishigaki, J. 1998. Joint action of an entomopathogenic fungus 

Metarhizium anisopliae and synthetic insecticides against the scarab beetle, 

Anomala cuprea (Coleoptera: Scarabaeidae) larvae. Applied Entomology and 

Zoology 33: 77-84.  

 

Hiromori, H. and Nishigaki, J. 2001. Factor analysis of synergistic effect between the 

entomopathogenic fungus Metarhizium anisopliae and synthetic insecticides. 

Applied Entomology and Zoology 36: 231-236. 

 

Hoe, P.K., Bong, C.F.J., Jugah, K. and Rajan, A. 2009. Evaluation of Metarhizium 

anisopliae (Deuteromycotina: Hyphomycete) isolates and their effects on 

subterranean termite Coptotermes curvignathus (Isoptera: Rhinotermitidae). 

American Journal of Agricultural and Biological Sciences 4: 289-297. 

 

Hogan, M., Veivers, P.C., Slaytor, M. and Czolj, R.T. 1988. The site of cellulose 

breakdown in higher termites (Nasutitermes walker and Nasutitermes exitiosus). 

Journal of Insect Physiology 34: 891-899.  

 

Hong, T.D., Ellis, R.H. and Moore, D. 1997. Development of a model to predict the 

effect of temperature and moisture on fungal spore longevity. Annals of Botany 

79: 121-128. 

 

Hong, T.D., Gunn, J., Ellis, R.E., Jenkins, N.E. and Moore, D. 2001. The effect of storage 

environment on the longevity of conidia of Beauveria bassiana, Mycological 

Research 105: 597-602.  

 

Horaczek, A. and Viernstein, H. 2004. Comparison of three commonly used drying 

technologies with respect to activity and longevity of aerial conidia of Beauveria 

brongniartii and Metarhizium anisopliae. Biological control 31: 65-71. 

 

Hu, X.P. 2005. Evaluation of efficacy and nonrepellency of indoxicarb and fipronil-

treated soil at various concentrations and thicknesses against two subterranean 

termites (Isoptera: Rhinotermitidae). Journal of Economic Entomology 98: 509-

517. 

 

Huang, Q.Y., Lei, C.L. and Xue, D. 2006. Field evaluation of a fipronil bait against 

subterranean termite Odontotermes formosanus (Isoptera: Termitidae). Journal 

of Economic Entomology 99: 455-461.  

 

163

© C
OPYRIG

HT U
PM



Hussain, A., Li, Y.F., Cheng, Y., Liu, Y., Chen, C.C. and Wen, S.Y. 2013. Immune-

related transcriptome of Coptotermes formosanus Shiraki workers: the defense 

mechanism. PloS ONE 8: e69543.  

 

Huxham, I.M., Lackie, A.M. and McCorkindale, N.J. 1989. Inhibitory effects of 

cyclodepsipeptides, destruxins, from the fungus Metarhizium anisopliae, on 

cellular immunity in insects. Journal of Insect Physiology 35: 97-105. 

 

Ibrahim, S.A., Henderson, G. and Fei, H. 2003. Toxicity, repellency, and horizontal 

transmission of fipronil in the Formosan subterranean termite (Isoptera: 

Rhinotermitidae). Journal of Economic Entomology 92: 461-467. 

 

Idrus, M.A.M.M., Hamdan, S., Rahman, M.R. and Islam, M.S. 2011. Treated tropical 

wood sawdust-polypropylene polymer composite: Mechanical and 

morphological study. Journal of Biomaterials and nanobiotechnology 2: 435-444. 

 

Inglis, G.D., Goettel, M.S., Butt, T.M. and Strasser, H. 2001. Use of hyphomycetous 

fungi for managing insect pests. In Fungi as Biocontrol Agents: Progress, 

Problems and Potential, ed. T.M. Butt, C. Jackson, and N. Magan, pp. 23-69. 

Wallingford: CAB International. 

 

Inta, R., Evans, T.A., Lai, J.C.S. and Lenz, M. 2007. What do vibrations have to do with 

termites’ food choice? Acoustics Australia 35: 73-77.  

 

James, R.R. and Elzen, G.W. 2001. Antagonism between Beauveria bassiana and 

imidacloprid when combined for Bemisia argentifolii (Homoptera: Aleyrodidae) 

control. Journal of Economic Entomology 94: 357-361.  

 

Jones, W.E., Grace, J.K. and M. Tamashiro. 1996. Virulence of seven isolates of 

Beauveria bassiana and Metarhizium anisopliae to Coptotermes formosanus 

(Isoptera: Rhinotermitidae). Environmental Entomology 25: 481-487. 

 

Jost, C., Haifig, I, de Camargo-Dietrich, C.R.R. and Costa-Leonardo, A.M. 2012. A 

comparative tunnelling network approach to assess interspecific competition 

effects in termites. Insectes Sociaux 59: 369-379. 

 

Jouquet, P., Traoré, S., Choosai, C., Hartmann, C. and Bignell, D. 2011. Influence of 

termites on ecosystem functioning. Ecosystem services provided by termites. 

European Journal of Soil Biology 47: 215-222. 

 

Kaakeh, W., Reid, B.L., Bohnert, T.J. and Bennett, G.W. 1997. Toxicity of imidacloprid 

in the German cockroach (Dictyoptera: Blattellidae), and the synergism between 

imidacloprid and Metarhizium anisopliae (imperfect fungi: Hyphomycetes). 

Journal of Economic Entomology 90: 473-482.  

 

Kaib, M. and Ziesmann, J. 1992. The labial gland in the termite Schedorhinotermes 

lamanianus (Isoptera: Rhinotermitidae): Morphology and function during 

communal exploitation. Insectes Sociaux 39: 373-384.  

 

164

© C
OPYRIG

HT U
PM



Kamarudin, N.H. and Wahid, M.B. 2002. Pest control in oil palm. In Intensive diploma 

in oil palm management and technology, pp. 207-233. Malaysia: Malaysia Palm 

Oil Board (MPOB). 

 

Kambhampati, S. and Eggleton, P. 2000. Taxonomy and phylogeny of termites. In 

Termites: Evolution, Sociality, Symbioses, Ecology, ed. T. Abe, D.E. Bignell, and 

M. Higashi, pp. 1-23. Dordrecht: Kluwer Academic Publishers. 

 

Kassa, A., Stephan, D., Vidal, S. and Zimmermann, G. 2004. Production and processing 

of Metarhizium anisopliae var. acridum submerged conidia for locust and 

grasshopper control. Mycology Research 108: 93-100. 

 

Kasseney, B.D., Deng, T. and Mo, J. 2011. Effect of wood hardness and secondary 

compounds on feeding preference of Odontotermes formosanus (Isoptera: 

Termitidae). Journal of Economic Entomology 104: 862-867.  

 

Khan, S., Guo, L., Maimaiti, Y., Mijit, M. and Qiu, D. 2012. Entomopathogenic fungi as 

microbial biocontrol agent. Molecular Plant Breeding 3: 63-79.  

 

Khoo, K.C., P.A.C. Ooi and C.T. Ho. 1991. Crop pests and their management in 

Malaysia, pp. 242. Malaysia: Tropical Press. 

 

King, E.G. and Spink, W.T. 1969. Foraging Galleries of the Formosan Subterranean 

Termite, Coptotermes formosanus, in Louisiana. Annals of the Entomological 

Society of America 62: 536-542. 

 

King, J.H.P., Mahadi, N.M., Bong, C.F.J., Ong, K.H. and Hassan, O. 2013. Bacterial 

microbiome of Coptotermes curvignathus (Isoptera: Rhinotermitidae) reflects the 

coevolution of species and dietary pattern. Insect Science 21: 584-596. 

 

Kon, T.W., Bong, C.F.J., King, J.H.P. and Leong, C.T.S. 2012. Biodiversity of termite 

(Insecta: Isoptera) in tropical peat land cultivated with oil palms. Pakistan Journal 

of Biological Sciences 15: 108-120.  

 

Koppenhöfer, A.M., Grewal, P.S. and Kaya, H.K. 2000. Synergism of imidacloprid and 

entomopathogenic nematodes against white grubs: the mechanism. Entomologia 

Experimentalis et Applicata 94: 283-293.  

 

Korb, J. 2007. Workers of a drywood termite do not work. Frontiers in Zoology 4: 7. 

 

Kramm, K.R. and West, D.F. 1982. Termite pathogens: Effects of ingested Metarhizium, 

Beauveria, and Gliocladium conidia on worker termites (Reticulitermes sp.). 

Journal of Invertebrate Pathology 40: 7-11. 

 

Krishna, K. 1970. Taxonomy, phylogeny, and distribution of termites. In Biology of 

Termites, Volume 1, ed. K. Krishna, and F.M. Weesner, pp. 127-152. New York: 

Academic Press. 

 

Krutmuang, P. and Mekchay, S. 2005. Pathogenicity of entomopathogenic fungi 

Metarhizium anisopliae against termites. Tropentag Conference on International 

165

© C
OPYRIG

HT U
PM



Agricultural Research for Development 11-13 October 2005, Stuttgart-

Hohenheim. 

 

Lacey, L.A., Grzywacz, D., Shapiro-Ilan, D.I., Frutos, R., Browmbridge, M. and Goettel, 

M.S. 2015. Insect pathogens as biological control agents: Back to the future. 

Journal of Invertebrate Pathology 132: 1-41.  

 

Lacey, L.A., Frutos, R., Kaya, H.K. and Vail, P. 2001. Insect pathogens as biological 

control agents: Do they have a future? Biological Control 21: 230-248. 

 

La Fage, J.P. and Nutting, W.L. 1978. Nutrient dynamics of termites. In Production 

Ecology of Ants and Termites, ed. M.V. Brian, pp. 165-232. Cambridge: 

Cambridge University Press. 

 

Lee, K.E. and Wood, T.G. 1971. Termites and soils, pp. 251. London and New York: 

Academic Press. 

 

Lee, S.H. and Su, N.Y. 2008. Estimating the population size of subterranean termites by 

using a novel diffusion-based method. Applied Mathematics and Computation 

197: 435-439. 

 

Lenz, M. and Evans, T.A. 2002. Termite bait technology: perspectives from Australia, 

In Proceedings 4th International Conference on Urban Pests, ed. S.C. Jones, J. 

Zhai, and W.H. Robertson, pp. 27-36. Charleston, SC.  

 

Li, D.P. and Holdom, D.G. 1994. Effects of pesticides on growth and sporulation of 

Metarhizium anisopliae (Deuteromycotina: Hyphomycetes). Journal of 

Invertebrate Pathology 63: 209-211. 

 

Li, J., Yuan, X., Xu, R., Nan, X. and Mo, J. 2012. Food preferences of workers of 

Coptotermes formosanus (Isoptera: Rhinotermitidae). Sociobiology 59: 731-740. 

 

Lim, K.H. and Silek, B. 2001. Termite infestations on oil palms planted on deep peat in 

Sarawak: Tradewinds Experience. In Proceedings of the 2001 PIPOC 

International Palm Oil Congress (Agriculture), Kuala Lumpur 2001 - Cutting-

edge technology for sustained competitiveness, pp. 355-368. Kuala Lumpur: 

MPOB. 

 

Lim, K.H., Lim, S.S., Parish, F. and Suharto, R. 2012. RSPO manual on best 

management practices (BMPs) for existing oil palm cultivation on peat. 

Roundtable on Sustainable Palm Oil, pp. 5-192. Retrieved 15 May 2015 from 

http://www.sustainablepalmoil.org/files/2012/11/RSPO-Manual-on-BMPs-for-

Existing-Oil-Palm-Cultivation-on-Peat-SMALL-120812.pdf. 

 

Liu, C.P. and Lin, P.H. 2013. Titanium dioxide nanoparticles as UV protectants for 

enhacing the survival of conidia of the entomopathogenic fungus. International 

Journal of Innovative Biological Research 2: 21-29. 

 

Liu, C.P. and Liu, S.D. 2009a. Low-temperature spray drying for the microencapsulation 

of the fungus Beauveria bassiana. Drying technology 27: 747-753. 

 

166

© C
OPYRIG

HT U
PM



Liu, C.P. and Liu, S.D. 2009b. Formulation and characterization of the 

microencapsulated entomopathogenic fungus Metarhizium anisopliae MA126. 

Journal of Microencapsulation 26: 377-384. 

 

Lo, N., Kitade, O., Miura, T., Constantino, R. and Matsumoto, T. 2004. Molecular 

phylogeny of the Rhinotermitidae. Insectes Sociaux 51: 365-371. 

 

Loc, N.T. and Chi, V.T.B. 2007. Biocontrol potential of Metarhizium anisopliae and 

Beauveria bassiana against diamondback moth, Plutella xylostella. Omonrice 15: 

86-93. 

 

Locquin, M.V. and Langeron, M. 1983. Staining and Impregnation. In Handbook of 

Microscopy, ed. H. Hillman, pp. 206. United Kingdom: Butterworth & Co 

Publishers. 

 

Luan, F., Zhang, S., Wang, B., Huang, B. and Li, Z. 2013. Genetic diversity of the fungal 

pathogen Metarhizium spp., causing epizootics in Chinese burrower bugs in the 

Jingting Mountains, eastern China. Molecular Biology Reports 40: 515-523. 

 

Maketon, M., Sawangwan, P. and Sawatwarakul, W. 2007. Laboratory study on the 

efficacy of Metarhizium anisopliae (Deuteromycota: Hyphomycetes) in 

controlling Coptotermes gestroi (Isoptera: Rhinotermitidae). Entomologia 

Generalis 30: 203-218.  

 

Manzoor, F., Sayyed, A.H., Rafique, T. and Malik, S.A. 2012. Toxicity and repellency 

of different insecticides against Heterotermes indicola (Isoptera: 

Rhinotermitidae). The Journal of Animal and Plant Sciences 22: 65-71. 

 

Marmaras, V.J. and Lampropoulou, M. 2009. Regulators and signalling in insect 

haemocyte immunity. Cellular Signalling 21: 186-95.  

 

Martin, M.M. and Martin, J.S. 1978. Cellulose digestion in the midgut of the fungus 

growing termite Macrotermes natalensis: The role of acquired digestive enzymes. 

Science 119: 1453-1455.  

 

Masijan, Z., Kamarudin, N., Wahid, M.B., Ali, Z. and Junid, K.N. 2006. Rubstake, 

rubber wood stake for detecting subterranean termites in peat soil. MPOB 

Information Series 315: 1-4. 

 

Mburu, D.M., Ochla, L., Maniania, N.K., Njagi, P.G.N., Gitonga, L.M., Ndung’u, M.W., 

Wanjoya, A.K. and Hassanali, A. 2009. Relationship between virulence and 

repellency of entomopathogenic isolates of Metarhizium anisopliae and 

Beauveria bassiana to the termite Macrotermes michaelseni. Journal of Insect 

Physiology 55: 774-780. 

 

Meyer, J.R. 2005. General Entomology ENT 425-Termites. NC State University. 

Retrieved 23 August 2015 from https://www.cals.ncsu.edu/course/ent425/tutoria

l/Social/termites.html. 

 

167

© C
OPYRIG

HT U
PM



Milner, R.J., Samson, P. and Morton, R. 2003. Persistence of conidia of Metarhizium 

anisopliae in sugarcane fields: Effect of isolate and formulation on persistence 

over 3.5 years. Biocontrol Science and Technology 13: 507-516. 

 

Milner, R.J., Staples, J.A. and Lutton, G.G. 1998. The selection of an isolate of the 

Hyphomycete fungus Metarhizium anisopliae, for control of termites in Australia. 

Biological control 11: 240-247.  

 

Mize, S.V., Porter, S.D. and Demcheck, D.K. 2008. Influence of fipronil compounds and 

rice-cultivation land-use intensity on macroinvertebrate communities in streams 

of southwestern Louisiana, USA. Environmental pollution 152: 491-503. 

 

Mochi, D.A., Monteiro, A.C. and Barbosa, J.C. 2005. Action of pesticides to 

Metarhizium anisopliae in soil. Neotropical Entomology 34: 961-971. 

 

Moino Jr., A. and Alves, S.B. 1998. Effects of imidacloprid and fipronil on Beauveria 

bassiana (Bals.) Vuill. and Metarhizium anisopliae (Metsch.) Sorok. and on the 

grooming behavior of Heterotermes tenuis (Hagen). Anais da Sociedade 

Entomológica do Brasil 27: 611-619. 

 

Moore, B.P. 1969. Biochemical studies in termites. In Biology of Termites, Vol. 1, ed. K. 

Krishna, and F.M. Weesner, pp. 407-432. New York and London: Academic 

Press. 

 

Moore, D., Douro-Kpindou, O.K., Jenkins, N.E. and Lomer, C.J. 1996. Effects of 

moisture content and temperature on storage of Metarhizium flavoviride conidia. 

Biocontrol Science and Technology 6: 51-61. 

 

Morales-Rodriguez, A. and Peck, D.C. 2009. Synergies between biological and 

neonicotinoid insecticides for the curative control of the white grubs Amphimallo 

majale and Popillia japonica. Biological Control 51: 169-180. 

 

Morgan, C.A., Herman, N., White, P.A. and Vesey, G. 2006. Preservation of micro-

organisms by drying: A review. Journal of Microbiological Methods 66: 183-193. 

 

Moslim, R., Hamid, N.H., Wahid, M.B., Kamarudin, N. and Ali, S.R.A. 2005. Mass 

production of Metarhizium anisopliae using solid state fermentation and wet 

harvesting methods. In Proceedings of the PIPOC 2005 International Palm Oil 

Congress (Agricultural, Biotechnology and Sustainability), pp. 928-942. 

Malaysia: MPOB. 

 

MPOB (Malaysian Palm Oil Board). Economic and Statistics. Retrived 2010-2016 from 

Economic and Industry Development Division Online: http://bepi.mpob.gov.my/ 

 

Mulrooney, J.E. and Gerard, P.D. 2009. Tunneling and activity of Reticulitermes flavipes 

(Isoptera: Rhinotermitidae) exposed to low concentrations of nonrepellent 

termiticides. Sociobiology 53: 695-706. 

 

Myles, T.G. 2002a. Alarm, aggregation, and defense by Reticulitermes flavipes in 

response to a naturally occurring isolate of Metarhizium anisopliae. Sociobiology 

40: 243-255. 

168

© C
OPYRIG

HT U
PM



Myles, T.G. 2002b. Laboratory studies on the transmission of Metarhizium anisopliae in 

the eastern subterranean termite, Reticulitermes flavipes (Isoptera: 

Rhinotermitidae), with a method for applying appropriate doses of conidia to 

trapped termites for release. Sociobiology 40: 265-276. 

 

Myles, T.G. and Grace, J.K. 1991. Behavioral ecology of the eastern subterranean 

termite in Ontario as a basis for control. In Proceedings of the Technology 

Transfer Conference, 25-26 November, 1991, pp. 547-554. Toronto, Ontario 

Canada. 

 

Nalepa, C.A. 2011. Altricial development in woodfeeding cockroaches: The key to 

antecedent of termite eusociality. In Biology of Termites: A Modern Synthesis, ed. 

D.E. Bignell, Y. Roisin, and N. Lo., pp. 69-95. New York: Springer. 

 

Narayanan, K. 2004. Insect defence: its impact on microbial control of insect pests. 

Current Science 86: 800-814. 

 

NCBI Taxonomy, 2015. Metarhizium anisopliae. Retrieved 28 Jan 2016 from 

http://eol.org/pages/992622/hierarchy_entries/51004049/overview. 

 

Neves, P.M.O.J. and Alves, S.B. 2000. Grooming capacity inhibition in Cornitermes 

cumulans (Kollar) (Isoptera: Termitidae) inoculated with entomopathogenic 

fungi and treated with Imidacloprid. Anais da Sociedade Entomológica do Brasil 

29: 537-546. 

 

Neves, P.M.O.J., Hirose, E., Tchujo, P.T. and Moino Jr., A. 2001. Compatibility of 

entomopathogenic fungi with neonicotinoid insecticides. Neotropical 

Entomology 30: 263-268. 

 

Ngee, P.S., Tashiro, A., Yoshimura, T., Jaal, Z. and Lee, C.Y. 2004. Wood preference 

selected Malaysian subterranean termites (Isoptera: Rhinotermitidae, Termitidae). 

Sociobiology 43: 535-550.  

 

Nian, X., He, Y., Lu, L. and Zhao, R. 2014. Evaluation of the time-concentration-

mortality responses of Plutella xylostella larvae to the interaction of Isaria 

fumosorosea with the insecticides beta-cypermethrin and Bacillus thuringiensis. 

Pest Management Science 71: 216-224. 

 

Noirot, C. 1969. Glands and secretions. In Biology of the termites, ed. K. Krishna, and F. 

Weesner, pp. 89-123. New York : Academic Press. 

 

Noirot, C. and Darlington, J.P.E.C. 2000. Termite nests: Architecture, regulation and 

defence. In Termites: Evolution, Sociality, Symbioses, Ecology, ed. T. Abe, D.E. 

Bignell, and M. Higashi, pp. 121-139. Netherlands: Kluwer Academic Publishers. 

 

Nutting, W.L. and Jones, S.C. 1990 Methods for studying the ecology of subterranean 

termites. Sociobiology 17: 167-189. 

 

Pachamuthu, P. and Kamble, S.T. 2000. In vivo study on combined toxicity of 

Metarhizium anisopliae (Deuteromycotina: Hyphomycetes) Strain ESC-1 with 

sublethal doses of chlorpyrifos, propetamphos, and cyfluthrin against german 

169

© C
OPYRIG

HT U
PM



cockroach (Dictyoptera: Blattellidae). Journal of Economic Entomology 93: 60-

70.  

 

Pathak, J.P.N. 1993. Cell-mediated defence reactions in insects. In Insect Immunity, pp. 

47-58. Dordrecht: Kluwer Academic Publishers.  

  

Pearce, M.J. 1997. Termites: Biology and Pest Management, pp. 157. Wallingford: Cab 

International.  

 

Pelizza, S.A., Scorsetti, A.C., Fogel, M.N., Pacheco-Marino, S.G., Stenglein, S.A., 

Cabello, M.N. and Lange, C.E. 2014. Compatibility between entomopathogenic 

fungi and biorational insectices in toxicity against Ronderosia bergi under 

laboratory conditions. BioControl 60: 81-91.  

 

Pell, J.K., Eilenberg, J., Hajek, A.E. and Steinkraus, D.C. 2001. Biology, ecology and 

pest management potential of Entomophthorales. In Fungi as Biocontrol Agents: 

Progress, Problems and Potential, ed. T.M. Butt, C. Jackson, N. Magan, pp. 71-

153. Wallingford: CAB International. 

 

Pisa, L.W., Amaral-Rogers, V., Belzunces, L.P., Bonmatin, J.M., Downs, C.A., Goulson, 

D., Kreutzweiser, D.P., Krupke, C., Liess, M., McField, M., Morrissey, C.A., 

Noome, D.A., Settele, J., Simon-Delso, N., Stark, J.D., Van der Sluijs, J.P., Van 

Dyck, H. and Wiemers, M. 2015. Effects of neonicotinoids and fipronil on non-

target invertebrates. Environmental Science and Pollution Research 22: 68-102. 

 

Polizzi, J.M. and Forschler, B.T. 1998. Intra- and interspecific agonism in Reticulitermes 

flavipes (Kollar) and R. virginicus (Banks) and effects of arena and group size in 

laboratory assays. Insectes Sociaux 45: 43-49. 

 

Potter, M.F. and Hillery, A.E. 2002. Exterior-targeted liquid termiticides: an alternative 

approach to managing subterranean termites (Isoptera: Rhinotermitidae) in 

buildings. Sociobiology 39: 373-405. 

 

Prestwich, G.D. 1983. Chemical systematic of termite exocrine secretions. Annual 

Review of Ecology and Systematics 14: 287-311. 

 

Prestwich, G.D. 1984. Defense mechanisms of termites. Annual Review of Entomology 

29: 201-232. 

 

Prestwich, G.D., Bentley, B.L. and Carpenter, E.J. 1980. Nitrogen sources for 

Neotropical nasute termites: fixation and selective foraging. Oecologia 46: 397-

401.  

 

Puche, H. and Su, N.Y. 2001. Application of fractal analysis for tunnel systems of 

subterranean termites (Isoptera: Rhinotermitidae) under laboratory conditions. 

Environmental Entomology 30: 545-549. 

 

Purwar, J.P. and Sachan, G.C. 2006. Synergistic effect of entomopathogenous fungi on 

some insecticides against Bihar hairy caterpillar Spilarctia obliqua (Lepidoptera: 

Arctiidae). Microbiological Research 161: 38-42. 

 

170

© C
OPYRIG

HT U
PM



Quarcoo, F.Y., Appel, A.G. and Hu, X.P. 2010. Descriptive study of non-repellent 

insecticide-induced behaviors in Reticulitermes flavipes (Isoptera: 

Rhinotermitidae). Sociobiology 55: 217-227. 

 

Quesada-Moraga, E., Navas-Cortés, J. A., Maranhao, E.A.A., Ortiz-Urquiza, A. and 

Santiago-Álvarez, C. 2007. Factors affecting the occurrence and distribution of 

entomopathogenic fungi in natural and cultivated soils. Mycological Research 

111: 947-966.  

 

Quintela, E.D. and McCoy, C.W. 1997. Effects of imidacloprid on development, 

mobility, and survival of first instars of Diaprepes abbeviatus (Coleoptera: 

Curculionidae). Journal of Economic Entomology 90: 988-95. 

 

Quintela, E.D. and McCoy, C.W. 1998a. Synergistic effect of imidacloprid and two 

entomopathogenic fungi on behavior and survival of larvae of Diaprepes 

abbreviates (Coleoptera: Curculionidae) in soil. Journal of Economic 

Entomology 91: 110-122.  

 

Quintela, E.D. and McCoy, C.W. 1998b. Conidial attachment of Metarhizium anisopliae 

and Beauveria bassiana to the larval cuticle of Diaprepes abbreviatus 

(Coleoptera: Curculionidae) treated with imidacloprid. Journal of Invertebrate 

Pathology 72: 220-30. 

 

Quintela, E.D., Mascarin, G.M., Silva, R.A. da., Barrigossi, J.A.F. and Martins, J.F.da.S. 

2013. Enhanced susceptibility of Tibraca limbativentris (Heteroptera: 

Pentatomidae) to Metarhizium anisopliae with sublethal doses of chemical 

insecticides. Biological Control 66: 56-64. 

 

Radek, R. 1999. Flagellates, bacteria, and fungi associated with termites: diversity and 

function in nutrition-a review. Ecotropica 5: 183-196. 

 

Rakib, M.R.M, Bong, C.F.J., Khairulmazmi, A. and Idris, A.S. 2014a. Genetic and 

morphological diversity of Ganoderma species isolated from infected oil palms 

(Elaeis guineensis). International Journal of Agriculture and Biology 16: 691-

699. 

 

Rakib, M.R.M., Bong, C.F.J., Khairulmazmi, A. and Idris, A.S. 2014b. Occurrence and 

spatial distribution of Ganoderma species causing upper and basal stem rot in oil 

palm. Journal of Food, Agriculture and Environment 12: 360-364. 

 

Ramakrishnan, R., Suiter, D.R., Nakatsu, C.H., Humber, R.A. and Bennett, G.W. 1999. 

Imidacloprid-enchanced Reticulitermes flavipes (Isoptera: Rhinotermitidae) 

susceptibility to the entomopathogen Metarhizium anisopliae. Journal of 

Economic Entomology 92: 1125-1132. 

 

Ramle, M., Basri, M.W., Norman, K., Sharma, M. and Siti Ramlah, A.A. 1999. Impact 

of Metarhizium anisopliae (Deuteromycotina: Hyphomycetes) applied by wet 

and dry inoculums on oil palm rhinoceros beetles, Oryctes rhinoceros (Coleoptera: 

Scarabaeidae). Journal of Oil Palm Research 11: 25-40. 

 

171

© C
OPYRIG

HT U
PM



Ramle, M., Kamarudin, N., Ang, B.N., Ali, S.R.A. and Wahid, M.B. 2007. Application 

of powder formulation of Metarhizium anisopliae to control Oryctes rhinoceros 

in rotting oil palm residues under leguminous cover crops. Journal of Oil Palm 

Research 19: 319-331. 

 

Rath, A.C. 2000. The use of entomopathogenic fungi for termite control. Biocontrol 

Science and Technology 10: 563-581. 

 

Ratra, G.S. and Casida, J.E. 2001. GABA receptor subunit composition relative to 

insecticide potency and selectivity. Toxicology Letters 122: 215-222. 

 

Ratra, G.S., Kamita, G.S. and Casida, J.E. 2001. Role of Human GABA receptor B3 

subunit in insecticide toxicity. Toxicology and Applied Pharmacology 172: 233-

240. 

 

Ravindran, K., Qiu, D. and Sivaramakrishnan, S. 2015. Sporulation characteristics and 

virulence of Metarhizium anisopliae against subterranean termites (Coptotermes 

formosanus). International Journal of Microbiological Research 6: 1-4. 

 

Reinhard, J. and Kaib, M. 2001. Thin layer chromatography assessing feeding 

stimulation by labial gland secretion compared to synthetic chemicals in the 

subterranean termite Reticulitermes santonensis. Journal of Chemical Ecology 27: 

175-187.  

 

Reinhard, J., Lacey, M.J. and Lenz, M. 2002a. Application of the natural phagostimulant 

hydroquinone in bait systems for termite management (Isoptera). Sociobiology 39: 

213-229.  

 

Reinhard, J., Lacey, M.J., Ibarra, F., Schroeder, F.C., Kaib, M. and Lenz, M. 2002b. 

Hydroquinone: A general phagostimulating phremone in termites. Journal of 

Chemical Ecology 28: 1-14.  

 

Remmen, L.N. and Su, N.Y. 2005. Tunneling and mortality of Eastern and Formosan 

subterranean termites (Isoptera: Rhinotermitidae) in sand treated with 

thiamethoxam or fipronil. Journal of Economic Enotomology 98: 906-910. 

 

Ripa, R., Luppichini, P., Su, N.Y., and Rust, M.K. 2007. Field evaluation of potential 

control strategies against the invasive eastern subterranean termite (Isoptera: 

Rhinotermitidae) in Chile. Journal of Economic Entomology 100: 1391-1399. 

 

Roberts, D.W. and St Leger, R. 2004. Metarhizium spp., cosmopolitan insect-pathogenic 

fungi: mycological aspects. Advanced in Applied Microbiology 54: 1-70. 

 

Roisin, Y., Everaerts, C., Pasteels, J.M., and Bonnard, O. 1990. Caste-dependent 

reactions to soldier defensive secretion and chiral alarm/recruitment pheromone 

in Nasutitermes princeps. Journal of Chemical Ecology 16: 2865-2875. 

 

Rosengaus, R.B., Guldin, M.R. and Traniello, J.F.A. 1998a. Inhibitory effect of termite 

fecal pellets on fungal spore germination. Journal of Chemical Ecology 24: 1697-

1706. 

 

172

© C
OPYRIG

HT U
PM



Rosengaus, R.B., Lefebvre, M.L., Jordan, C. and Traniello, J.F.A. 1999. Pathogen alarm 

behaviour in a termite: A new form of communication in social insects. 

Naturwissenschaften 86: 544–548. 

 

Rosengaus, R.B., Traniello, J.F.A. and Bulmer, M. 2011. Ecology, behavior and 

evolution of disease resistance in termites. In Biology of Termites: A Modern 

Synthesis, ed. D.E. Bignell, Y. Roisin, and N. Lo, pp. 165-191. Netherlands: 

Springer. 

 

Sajap, A.S. and Kaur, K. 1990. Histopathology of Metarhizium anisopliae, an 

entomopathogenic fungus, infection in the termite, Coptotermes curvignathus. 

Pertanika 13: 331-334. 

 

Sánchez-Pérez, L., Barranco-Florido, J., Rodríguez-Navarro, S., Cervantes-Mayagoitia, 

J. and Ramos-López, M. 2014. Enzymes of entomopathogenic fungi, advances 

and insights. Advances in Enzyme Research 2: 65-76. 

 

Santos, A.V., Oliveira, B.L.D. and Samuels, R.I. 2007. Selection of entomopathogenic 

fungi for use in combination with sublethal doses of imidacloprid: perspectives 

for the control of the leaf cutting ant Atta sexdens rubropilosa Forel 

(Hymenoptera: Formicidae). Mycopathologia 163: 233-240.  

 

Sapna Bai, N., Remadevi, O.K., Sasidharan, T.O., Balachander, M. and Dharmarajan, P. 

2012. Cuticle degrading enzyme production by some isolates of the 

entomopathogenic fungus, Metarhizium anisopliae (Metsch.). Journal of Bio-

Science 20: 25-32. 

 

Saran, R.K. and Kamble, S.T. 2008. Concentration-dependent degradation of three 

termiticides in soil under laboratory conditions and their bioavailability to eastern 

subterranean termites (Isoptera: Rhinotermitidae). Journal of Economic 

Entomology 101: 1373-1383. 

 

Saran, R.K. and Rust, M.K. 2005. Feeding, uptake, and utilization of carbohydrates by 

western subterranean termite (Isoptera: Rhinotermitidae). Journal of Economic 

Entomology 98: 1284-1293.  

 

Saran, R.K. and Rust, M.K. 2007. The toxicity, uptake, and transfer efficiency of fipronil 

in western subterranean termites (Isoptera: Rhinotermitidae). Journal of 

Economic Entomology 100: 495-508. 

 

SarVision. 2011. Impacts of oil palm plantations on peatland conservation in Sarawak 

2005-2010. Netherlands: Wetlands International. 

 

Scheffrahn, R.H., Su, N.Y. and Busey, P. 1997. Laboratory and field evaluation of 

selected chemical treatment and field evaluation of selected chemical treatment 

for control of drywood termites (Isoptera: Kalotermitidae). Journal of Economic 

Entomology 90: 492-502. 

 

Schlenk, D., Huggett, D.B., Allgood, J., Bennett, E., Rimoldi, J., Beeler, A.B., Block, D., 

Holder, A.W., Hovinga, R. and Bedient, P. 2001. Toxicity of fipronil and its 

173

© C
OPYRIG

HT U
PM



degradation products to Procambarus sp.: Field and laboratory studies. Archives 

of Environmental Contamination and Toxicology 41: 325-332. 

 

Schrank, A. and Vainstein, M.H. 2010. Metarhizium anisopliae enzymes and toxins. 

Toxicon 56: 1267-1274. 

 

Schumacher, V. and Poehling, H.M. 2012. In vitro effect of pesticides on the germination, 

vegetative growth and conidial production of two strains of Metarhizium 

anisopliae. Fungal Biology 116: 121-132. 

 

Sen, R., Raychoudhury, R., Cai, Y., Sun, Y., Lietze, V-U, Peterson, B.F., Scharf, M.E. 

and Boucias, D.G. 2015. Molecular signatures of nicotinoid-pathogen synergy in 

the termite gut. PLos One 10: e0123391. 

 

Serrao, A.E.C., Guedes, R.N.C. and Della Lucia, T.M.C. 2000. Sublethal effects of 

abamectin suppressing colonies of the leaf-cutting ant Acromyrmex subterraneus 

subterraneus. Pest Management Science 56: 1059-1064. 

 

Seye, F., Ndiaye M., Faye O. and Afoutou J.M. 2012. Evaluation of entomopathogenic 

fungus Metarhizium anisopliae formulated with Suneem (Neem oil) against 

Anopheles gambiae and Culex quinquefasciatus adults. Malaria Chemotherapy, 

Control and Elimination 1: 1-6. 

 

Shah, P.A. and Pell, J.K. 2003. Entomopathogenic fungi as biological control agents. 

Applied Microbiology and Biotechnology 61: 413-423. 

 

Shapiro-Ilan, D., Cottrell, T.E. and Wood, B.W. 2011. Effect of combining microbial 

and chemical insecticides on mortality of the pecan weevil (Coleoptera: 

Curculionidae). Journal of Economic Entomology 104: 14-20. 

  

Sharma, M. 2013. Sustainability in the cultivation of oil palm – Issues and prospects for 

the industry. Journal of Oil Palm and the Environment 4: 47-68. 

 

Shaw, K.E., Davidson, G., Clark, S.J., Ball, B.V., Pell, J.K., Chandler, D. and Sunderland, 

K.D. 2002. Laboratory bioassays to assess the pathogenicity of mitosporic fungi 

to Varroa destructor (Acari: Mesostigmata), an ectoparasitic mite of the 

honeybee, Apis mellifera. Biological Control 24: 266-276. 

 

Shellman-Reeve, J.S. 1994. Limited nutrients in a dampwood termite: nest preference, 

competition and cooperative nest defense. Journal of Animal Ecology 63: 921-

932.  

 

Shelton, T.G., and Grace, J.K. 2003. Effects of exposure duration on transfer of 

nonrepellent termiticides among workers of Coptotermes formosanus Shiraki 

(Isoptera: Rhinotermitidae). Journal of Economic Entomology 96: 456-460. 

 

Shimizu, S. and Yamaji, M. 2003. Effect of density of the termite, Reticulitermes 

speratus Kolbe (Isoptera: Rhinotermitidae), on the susceptibilities to Metarhizium 

anisopliae. Applied Entomology and Zoology 38: 125-130. 

  

174

© C
OPYRIG

HT U
PM



Siddiqui, M.I. and Al-Khalifa, M.S. 2014. Review of haemocyte count, response to 

chemicals, phagocytosis, encapsulation and metamorphosis in insects. Italian 

Journal of Zoology 81: 2-15. 

 

Sideri, M., Tsakas, S., Markoutsa, E., Lampropoulou, M. and Marmaras, V.J. 2008. 

Innate immunity in insects: surface-associated dopa decarboxylase-dependent 

pathways regulate phagocytosis, nodulation and melanization in medfly 

haemocytes. Immunology 123: 528-537.  

 

Sierotzki, H., Camastral, F., Shah, P.A., Aebi, M. and Tuor, U. 2000. Biological 

characteristics of selected Erynia neoaphidis isolates. Mycological Research 104: 

213-219. 

 

Sileshi, A., Sori, W. and Dawd, M. 2013. Laboratory evaluation of entomopathogenic 

fungi Metarhizium anisopliae and Beauveria bassiana against termite, 

Macrotermes (Isoptera: Termitidae). Asian Journal of Plant Sciences 12: 1-10. 

 

Sillam-Dussès, D., Krasulová, J., Vrkosla, V., Pytelková, J., Cvačka, J., Kutalová, K., 

Bourguignon, T., Miura, T. and Šobotník, J. 2012. Comparative study of the labial 

gland secretion in termite (Isoptera). PLoS ONE 7: e46431.  

 

Silva, R.A.D., Quintela, E.D., Mascarin, G.M., Barrigossi, J.A.F. and Lião, L.M. 2013. 

Compatibility of conventional agrochemicals used in rice crops with the 

entomopathogenic fungus Metarhizium anisopliae. Scientia Agricola 70: 152-160. 

 

Silva, W.O.B., Mitidieri, S., Schrank, A. and Vainstein, M.H. 2005. Production and 

extraction of an extracellular lipase from the entomopathogenic fungus 

Metarhizium anisopliae. Process Biochemistry 40: 321-326. 

 

Silva, W.O.B., Santi, L., Schrank, A. and Vainstein, M.H. 2010. Metarhizium anisopliae 

lipolytic activity plays a pivotal role in Rhipicephalus (Boophilus) microplus 

infection. Mycological Research 114: 10-15. 

 

Šimková, J. 2009. Influence of different storage conditions on vitality and virulence of 

Beauveria bassiana spores. Journal of Agrobiology, 26: 75-81. 

 

Simonin, H., Beney, L. and Gervais, P. 2007. Sequence of occurring damages in yeast 

plasma membrane during dehydration and rehydration: Mechanisms of cell death. 

Biochimica et Biophysica Acta 1768: 1600-1610. 

 

Slaytor, M. 1992. Cellulose digestion in termites and cockroaches: what role do 

symbionts play? Comparative Biochemistry and Physiology 103B: 775-784. 

 

Slaytor, M. and Chappell, D.J. 1994. Nitrogen metabolism in termites. Comparative 

Biochemistry and Physiology 107B: 1-10.  

 

Srivastava, C.N., Maurya, P., Sharma, P. and Mohan, L. 2009. Prospective role of 

insecticides of fungal origin: Review. Entomological Research 39: 341-355. 

 

175

© C
OPYRIG

HT U
PM



St. Leger, R.J., Cooper, R.M. and Charnley, A.K. 1991. Characterization of chitinase and 

chitobiose produced by the entomopathogenic fungus Metarhizium anisopliae. 

Journal of Invertebrate Pathology 58: 415-426. 

 

St. Leger, R.J., Copper, R.M. and Charnley, A.K. 1986. Cuticle-degrading enzymes of 

entomopathogenic fungi: cuticle degradation in vitro by enzymes from 

entomopathogens. Journal of Invertebrate Pathology 47: 167-177. 

 

Strand, M.R. 2008. The insect cellular immune response. Insect Science 15: 1-14. 

 

Stuart, A.M. 1975. Chemoreception, behaviour and polyethism in termites (Isoptera). In 

Olfaction and Taste: 5th Symposium, ed. D. Denton, and J.P. Coghlan, pp. 343-

348. New York: Academic Press. 

 

Su, N. Y. and Scheffrahn, R.H. 1998. A review of subterranean termite control practices 

and prospects for integrated pest management programmes. Integrated Pest 

Management Reviews 3: 1-13. 

 

Su, N.Y. 2013. Estimating population size of large laboratory colonies of the Formosan 

subterranean termite using the capture probability equilibrium. Journal of 

Economic Entomology 106: 2442-2447. 

 

Su, N.Y. and Haverty, M.I. 1991. Agonistic behavior among colonies of the Formosan 

subterranean termite, Coptotermes formosanus Shiraki (Isoptera: 

Rhinotermitidae), from Florida and Hawaii: Lack of correlation with cuticular 

hydrocarbon composition. Journal of Insect Behaviour 4: 115–128. 

 

Su, N.Y. and La Fage, J.P. 1984. Comparison of laboratory methods for estimating wood 

consumption rates by Coptotermes formosanus (Isoptera: Rhinotermitidae). 

Annals of the Entomological Society of America 77: 125-129. 

 

Su, N.Y. and Schefrahn, R.H. 1988. Foraging population and territory of the Formosan 

subterranean termite (Isoptera Rhinotermitidae) in an urban environment. 

Sociobiology 14: 353-359. 

 

Su, N.Y., 2005. Directional change in tunneling of subterranean termites (Isoptera: 

Rhinotermitidae) in response to decayed wood attractants. Journal of Economic 

Entomology 98: 471-475.  

 

Su, N.Y., Ban, P.M. and Schefrahn, R.H. 1993. Foraging populations and territories of 

the Eastern subterranean termite (Isoptera: Rhinotermitidae) in Southern Florida. 

Environmental Entomology 22: 1113-1117.  

 

Su, N.Y., Tamashiro, M., Yates, J.R. and Haverty, M.I. 1982. Effect of behaviour on the 

evaluation of insecticides for prevention of or remedial control of the Formosan 

subterranean termite. Journal of Economic Entomology 75: 188-193. 

 

Sudharto, Ps., Sipayung, A. and Desmier de Chenon, R. 1991. Termites – A new problem 

on oil palm plantations in Indonesia. In Proceedings of the 1991 PORIM 

International Palm Oil Conference. Progress, prospects and challenges toward 

the 21st century. (Agriculture), pp. 407-417. Kuala Lumpur: PORIM. 

176

© C
OPYRIG

HT U
PM



Sun, J. and Fuxa, J.R. 2002. Sporulation of Metarhizium anisopliae and Beauveria 

bassiana on Coptotermes formosanus and in vitro. Journal of Invertebrate 

Pathology 81: 78-85. 

 

Sun, J., Fuxa, J.R. and Henderson, G. 2003. Effects of virulence, sporulation, and 

temperature on Metarhizium anisopliae and Beauveria bassiana laboratory 

transmission in Coptotermes formosanus. Journal of Invertebrate Pathology 84: 

38-46. 

 

Thapa, R.S. 1981. Termites of Sabah, Sabah Forest Record 12, pp. 374. Sandakan: Sabah 

Forest Department. 

 

Tho, Y.P. 1992. Termites of Peninsular Malaysia. Malayan Forest Records No. 36, ed. 

L.G. Kirton, pp. 224. Kuala Lumpur: Forest Research Institute of Malaysia. 

 

Thompson, G.J., Miller, L.R., Lenz, M. and Crozier, R.H. 2000. Phylogenetic analysis 

and trait evolution in Australian lineages of drywood termites (Isoptera, 

Kalotermitidae). Molecular Phylogenetics and Evolution 17: 419–429. 

 

Thorne, B.L., Russek-Cohen, E., Forschler, B.T., Breisch, N.L. and Traniello, J.F.A. 

1996. Evaluation of mark-release-recapture methods for estimating forager 

population size of subterranean termite (Isoptera: Rhinotermitidae) colonies. 

Environmental Entomology 25: 938-951. 

 

Thorne, B.L., Traniello, J.F.A., Adams, E.S. and Bulmer, M. 1999. Reproductive 

dynamics and colony structure of subterranean termites of the genus 

Reticulitermes (Isoptera Rhinotermitidae): A review of the evidence from 

behavioural, ecological, and genetic studies. Ethology, Ecology and Evolution 11: 

149–169. 

 

Tingle, C.C.D., Rother, J.A., Dewhurst, D.C., Lauer, S. and King, W.J. 2003. Fipronil: 

Environmental fate, ecotoxicology, and human health concerns. Reviews of 

Environmental Contamination and Toxicology 176:1–66. 

 

Toegel, S., Salar-Behzadi, S., Horaczek-Clausen, A. and Viernstein, H. 2010. 

Preservation of aerial conidia and biomasses from entomopathogenic fungi 

Beauveria brongniartii and Metarhizium anisopliae during lyophilization. 

Journal of Invertebrate Pathology 105: 16-23. 

 

Toledo, A.V., de Remes Lenicov, A.M.M. and López Lastra, C.C. 2010. Histopathology 

caused by the entomopathogenic fungi, Beauveria bassiana and Metarhizium 

anisopliae, in the adult planthopper, Peregrinus maidis, a maize virus vector. 

Journal of Insect Science 10: 1-10. 

 

Toledo, J., Liedo, P., Flores, S., Campos, S.E., Villaseñor and Montoya, P. 2006. Use of 

Beauveria bassiana and Metarhizium anisopliae for fruit fly control: A novel 

approach. In Proceedings of the 7th International Symposium on Fruit Flies of 

Economic Importance 10-15 September 2006, pp. 127-132. Salvador, Brazil.  

 

177

© C
OPYRIG

HT U
PM



Traniello, J.F.A. and Leuthold, R.H. 2000. Behavior and ecology of foraging in termites. 

In Termites: Evolution, Sociality, Symbioses, Ecology, ed. T. Abe, D.E. Bignell, 

and M. Higashi, pp. 141-168. Netherlands: Kluwer Academic Publisher. 

 

Uchima, S.Y. and Grace, J.K. 2003. Comparative feeding rates of Coptotermes vastator 

and Coptotermes formosanus (Isoptera: Rhinotermitidae). Sociobiology 41: 289-

294. 

 

Ulyshen, M.D. and Shelton, T.G. 2012. Evidence of cue synergism in termite corpse 

response behavior. Naturwissenschaften 99: 89-93.  

 

US Environmental Protection Agency. 1996. New Pesticide Fact Sheet, EPA737-F- 96-

005. US EPA Office of Prevention, Pesticides, and Toxic Substances, Washington 

DC. 

 

US Environmental Protection Agency. 1997. Transferable residue on animal hair: 

Fipronil PC code129121, pp. 1-36. Retrieved 20 August 2014 from 

https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/12912

1/129121-0000-00-00b.pdf 

 

US Environmental Protection Agency. 1998. Fipronil for use on Rice (Regent®, Icon®) 

and Pets (Frontline®). HED Risk Assessment. US EPA Office of Prevention, 

Pesticides, and Toxic Substances, Washington DC. 

 

Vargo, E.L. and Husseneder, C. 2009. Biology of subterranean termites: Insights from 

molecular studies of Reticulitermes and Coptotermes. Annual Review of 

Entomology 54: 379-403. 

 

Vargo, E.L. and Parman, V. 2012. Effect of fipronil on subterranean termite colonies 

(Isoptera: Rhinotermitidae) in the field. Journal of Economic Entomology 105: 

523-532. 

 

Veivers, P.C., Musca, A.M., O’Brien, R.W. and Slaytor, M. 1982. Digestive enzymes of 

the salivary glands and gut of Mastotermes darwiniensis. Insect Biochemistry 12: 

35-40.  

 

Verma, M., Sharma, S. and Prasad, R. 2009. Biological alternatives for termite control: 

a review. International Biodeterioration and Biodegradation 63: 959-972. 

 

Vijila, S.M., Sam Manohar Das, S. and Raja Jeya Sekar, R. 2011. A novel chemical-

microbial hybrid pesticide in the management of S. oryzae L. International 

Journal of Pharma and Bio Sciences 2: 116-121. 

 

Wagner, T.L. 2003. US Forest Service termiticide tests. Sociobiology 41: 131-141. 

 

Wahid, M.B. and Simeh, M.A. 2009. Issues related to production cost of palm oil in 

Malaysia. Oil Palm Industry Economic Journal 9: 1-12. 

 

Wakil, W., Yasin, M., Qayyuan, M.A. and Asim, M. 2012. Combined toxicity of 

Metarhizium anisopliae with sublethal doses of chlorpyrifos, fipronil and 

178

© C
OPYRIG

HT U
PM



chlorantraniliprole against Periplaneta americana (Dictyoptera: Blattidae). 

Pakistan Entomologist 34: 59-63. 

 

Waller, D.A. 1996. Amplicillin, tetracycline and urea as protozoicides for symbionts of 

Reticulitermes flavipes and R. virginicus (Isoptera: Rhinotermitidae). Bulletin of 

Entomological Research 86: 77-81. 

 

Waller, D.A. and Curtis, A.D. 2003. Effects of sugar-treated foods on preference and 

nitrogen-fixation in Reticulitermes flavipes (Kollar) and R. virginicus (Banks) 

(Isoptera: Rhinotermitidae). Annals of the Entomological Society of America 96: 

81-85.  

 

Waller, D.A., Morlino, S. and Matkins, N. 1999. Factors affecting termite recruitment to 

baits in laboratory and field studies. In Proceedings of the 3rd International 

Conference on Urban Pests 19-22 July 1999, ed. W.H. Robinson, F. Rettich, and 

G.W. Rambo, pp. 597-600. Prague, Czech Republic. 

 

Wang, C. and Powell, L.E. 2004. Cellulose bait improves the effectiveness of 

Metarhizium anisopliae as a microbial control of termites (Isoptera: 

Rhinotermitidae). Biological Control 30: 523-529. 

 

Wang, C. and St Leger, R.J. 2006. A collagenous protective coat enables Metarhizium 

anisopliae to evade insect immune responses. Proceedings of the National 

Academy Sciences of the United States of America 10: 6647-6652. 

 

Wang, C. and St. Leger, R. J. 2007. The MAD1 adhesin of Metarhizium anisopliae links 

adhesion with blastospore production and virulence to insects, and the MAD2 

adhesin enables attachment to plants. Eukaryotic Cell 6: 808-816. 

 

Wang, C., Typas, M.A. and Butt, T.M. 2002. Detection and characterization of Pr1 

virulent gene deficiencies in the insect pathogenic fungus Metarhizium anisopliae. 

FEMS Microbiology Letters 213: 251-255. 

 

Wessels, J.G.H. 2000. Hydrophobins, unique fungal proteins. Mycologist 14:153-159. 

 

Wetlands International. 2010. A quick scan of peatlands in Malaysia, pp. 74. Malaysia: 

Wetlands International.  

 

Wood, B.J., 1968. Pests of oil palms in Malaysia and their control, pp. 204. Kuala 

Lumpur: The Incorporated Society of Planters. 

 

Wood, T.G. and Johnson, R.A. 1986. The biology, physiology and ecology of termites. 

In The economic impact and control of social insects, ed. S.B. Vinson, pp. 1-68. 

New York: Praeger Publishers. 

 

Wright, M.S. and Lax, A.R. 2013. Combined effect of microbial and chemical control 

agents on subterranean termites. Journal of Microbiology 51: 578-583. 

 

Wright, M.S., Raina, A.K. and Lax, A.R. 2005. A strain of the fungus Metarhizium 

anisopliae for controlling subterranean termites. Journal of Economic 

Entomology 98: 1-8. 

179

© C
OPYRIG

HT U
PM



Wu, S. and Ling, E.J. 2009. Phagocytosis, nodulation and encapsulation in cellular 

immune responses in insects. Acta Entomologica Sinica 52: 791-798.  

 

Yanagawa, A. and Shimizu, S. 2007. Resistance of the termite, Coptotermes formosanus 

Shiraki, to Metarhizium anisopliae due to grooming. BioControl 52: 75-85. 

 

Yanagawa, A., Fujiwara-Tsujii, N., Akino, T., Yoshimura, T., Yanagawa, T. and 

Shimizu, S. 2011. Behavioral changes in the termite, Coptotermes formosanus 

(Isoptera), inoculated with six fungal isolates. Journal of Invertebrate Pathology 

107:100-106. 

 

Yanagawa, A., Fujiwara-Tsujii, N., Akino, T., Yoshimura, T., Yanagawa, T. and 

Shimizu, S. 2012. Odor aversion and pathogen-removal efficiency in grooming 

behavior of the termite Coptotermes formosanus. PLos ONE 7: e47412. 

 

Yanagawa, A., Yokohari, F. and Shimizu, S. 2008. Defense mechanism of the termite, 

Coptotermes formosanus Shiraki, to entomopathogenic fungi. Journal of 

Invertebrate Pathology 97: 165-170. 

 

Yanagawa, A., Yokohari, F. and Shimizu, S. 2009. The role of antennae in removing 

entomopathogenic fungi from cuticle of the termite, Coptotermes formosanus. 

Journal of Insect Science 9: 1-9. 

 

Yanagawa, A., Yokohari, F. and Shimizu, S. 2010. Influence of fungal odor on grooming 

behavior of the termite, Coptotermes formosanus Shiraki. Journal of Insect 

Science 10: 141. 

 

Yeoh, B.H. and Lee, C.Y. 2007. Tunneling activity, wood consumption and survivorship 

of Coptotermes gestroi, Coptotermes curvignathus and Coptotermes kalshoveni 

(Isoptera: Rhinotermitidae) in the laboratory. Sociobiology 50: 1087-1096. 

 

Ying, G.G. and Kookana, R.S. 2002. Laboratory and field studies on the degradation of 

fipronil in a soil. Australian Journal of Soil Research 40: 1095-1102. 

 

Yu, S.J. 2014. The Toxicology and Biochemistry of Insecticides, 2nd Edition, pp. 380. 

Boca Raton: CRC Press. 

 

Zhu, G., Petersen, M.J., Liu, G. and Peck, D.C. 2013. Imidacloprid as contact arrestant 

for larvae of the European chafer, Amphimallon majale. Pest Management 

Science 69: 483-492. 

  

Zhu, G., Wu, H., Guo, J. and Kimaro, F.M.E. 2004. Microbial degradation of fipronil in 

clay loam soil. Water, Air, and Soil Pollution 153: 35-44. 

 

Zhukovskaya, M., Yanagawa, A. and Forschler, B.T. 2013. Grooming behavior as a 

mechanism of insect disease defense. Insects 4: 609-630. 

 

Zimmermann, G. 2007. Review on safety of the entomopathogenic fungus Metarhizium 

anisopliae. Biocontrol Science and Technology 17: 879-920. 

 

180

© C
OPYRIG

HT U
PM



Zulkefli, M., Kamarudin, N., Wahid, M.B. and Madsali, M.M. 2012. Termites of Oil 

Palm in Malaysia: Identification and Management, pp. 34. Malaysia: Malaysian 

Palm Oil Board. 

 

Zulkefli, M., Kamarudin, N., Wahid, M.B., Ali, Z. and Junid, K.N. 2006. Rubstake-

rubber wood stake for detecting subterranean termites in peat soil. MPOB 

Information Series 308: 1-4. 

 

Zulkefli, M., Kamarudin, N., Wahid, M.B., Othman, H., Murdi, A.A. and Harun, J. 2011. 

Water-table management for the control of termites in peat. MPOB Information 

Series 485: 1-4. 

 

Zurek, L., Watson, D.W. and Schal, C. 2002. Synergism between Metarhizium 

anisopliae (Deuteromycota: Hyphomycetes) and boric acid against the german 

cockroach (Dictyoptera: Blattellidae). Biological Control 23: 296-302. 

181

© C
OPYRIG

HT U
PM



 

 
 

BIODATA OF STUDENT 

 

 

The student was born in Sibu Sarawak, Malaysia on 12th May 1986. She did her primary 

education at the Sekolah Rendah Bantuan Methodist, Sibu, and continued her secondary 

schooling at Sekolah Menengah Kebangsaan Deshon, Sibu where she obtained both her 

Penilaian Menengah Rendah (PMR) and Sijil Perperiksaan Malaysia (SPM). After that, 

she continued her pre-university program which formally known as Sijil Tinggi 

Persekolahan Malaysia (STPM) at Sekolah Menengah Kebangsaan Chung Hua, Sibu. 

She started her tertiary education at Universiti Putra Malaysia (UPM) Bintulu Sarawak 

Campus in 2006 and graduated with first class honor degree in Bachelor of Science 

Bioindustry in 2010. At the same year, she further pursues her postgraduate study at 

UPM in Doctor of Philosophy in Entomology with interest in the research of termite 

control. During the period of postgraduate study, she received Graduate Research 

Fellowship (GRF) from UPM and had assisted in teaching of diploma course lab work 

for 1 year. After that, she continues her study under sponsorship of The Ministry of 

Higher Education (MOHE) Malaysia in MyPhD program.  

  

217

© C
OPYRIG

HT U
PM



 

 
 

LIST OF PUBLICATIONS 

 

 

Yii, J.E., Bong, C.F.J., King, J.H.P. and Kadir, J. 2016. Synergism of entomopathogenic 

fungus, Metarhizium anisopliae incorporated with fipronil against oil palm pest 

subterranean termite, Coptotermes curvignathus. Plant Protection Science 52: 

35-44. 

 

Yii, J.E., Bong, C.F.J., King, J.H.P. and Kadir, J. 2016. Feeding preferences of oil palm 

pest subterranean termite Coptotermes curvignathus (Isoptera: Rhinotermitidae). 

Journal of Entomology 13: 1-10. 

 

 

218

© C
OPYRIG

HT U
PM



 

 

 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT 

AND COPYRIGHT 
 

ACADEMIC SESSION : 2015/2016 

 

TITLE OF THESIS / PROJECT REPORT :  

SYNERGISTIC EFFECT OF METARHIZIUM ANISOPLIAE AND FIPRONIL ON COPTOTERMES 

CURVIGNATHUS 

 

NAME OF STUDENT :    

YII JING EE 
 

I acknowledge that the copyright and other intellectual property in the thesis/project report belonged to 

Universiti Putra Malaysia and I agree to allow this thesis/project report to be placed at the library under the 
following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic   exchange.  

 

I declare that this thesis is classified as: 

*Please tick (√ ) 
 

CONFIDENTIAL  (Contain confidential information under Official Secret Act 

1972). 
 

RESTRICTED  (Contains restricted information as specified by the 

organization/institution where research was done).  

 

OPEN ACCESS I agree that my thesis/project report to be published as hard copy 

or online open access.  
 

This thesis is submitted for: 

PATENT Embargo from _____________ until ____________            

                     (date)               (date) 

 

Approved by: 

 

 

 ________________________    ____________________ 

(Signature of Student) (Signature of Chairman 

New IC No/ Passport No.: of Supervisory Committee) 

      Name: 
Date :  

      Date :  

 

 

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the 

organization/institution with period and reasons for confidentially or restricted. ] 

© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	CHAPTER 2
	LAST CHAPTER
	APPENDICES
	LAST APPENDIXES



