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The overuse of chemical insecticides to control bagworms in oil palm 

plantations could have severe repercussions for the environment, ecosystem, 

and human health. Therefore, the development of myco-insecticide 

formulation that can effectively control this pest could serve as an option to 

reduce reliance on chemical insecticides. Myco-insecticide have been proven 

to have considerable potential for the management of insects while minimizing 

the adverse effects of insecticides and they have accordingly been used 

worldwide to control various pests. This study involved the preparation, 

characterization, and evaluation of oil-based emulsion formulations of Isaria 

fumosorosea. The aim was to determine their efficacy against the larvae of 
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Metisa plana stage 1 until 4. The isolates were obtained from infected 

bagworms collected from United Malacca Berhad (UMB) Plantation in 

Kemayan, Pahang. The specific isolate, coded as BSB01 and identified as 

Isaria fumosorosea (voucher number TSJ772C), was used as the active 

component in the formulation development. This isolate was then mass 

produced and formulated through ternary phase diagram consisting of 20% 

(w/w) surfactant, 40% (w/w) oil and 40% (w/w) water containing 107 CFU/mL. 

Two ternary phase diagram systems were constructed, they were Tween 

20/Glycerine/Water and Tween 80/Glycerine/Water. Both selected systems 

showed large isotropic regions. All formulations were stable under centrifuge, 

storage at 26±1°C, and under high temperature 54±1°C for two weeks. Both 

formulations were above >100 nm sizes indicating that the formulations 

formulated were not in the category of the nano-emulsion. The zeta potential 

ranged between -29.4 to -36.2 mV, the pH ranged from 6.53 to 7.38, the 

surface tension ranged from 41 to 51 mN/m, and the viscosity ranged from 

300.83 to 384.73 mPas. However, 45 days after treatment the application of 

all myco-insecticide formulation; Tween 20/Glycerine/Water and Tween 

80/Glycerine/Water developed with I. fumosorosea as an active ingredient 

gave an equal efficacy compared to the positive controls and were able to 

lower the population of M. plana at all important stages below the economic 

threshold level (ETL). All formulated formulations compared, showed no 

significant increase in mortality of the oil palm pollinator, Elaeidobius 

kamerunicus, suggesting that all were completely harmless despite a dip in the 

population number week after treatment application. This finding also indicates 

that abiotic factors such as daily temperature, relative humidity, rainfall amount 
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and mean wind speed has a direct effect on the efficacy of the formulation’s 

application. 

Keywords: Bagworm, entomopathogenic fungi, Isaria fumosorosea, nano-

emulsion, pollinator 

SDG: GOAL 9: INDUSTRY, INNOVATION AND INFRASTRUCTURE
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Kebergantungan yang berlebihan terhadap penggunaan racun serangga kimia 

untuk kawalan ulat bungkus di ladang kelapa sawit boleh membawa kepada 

pelbagai kesan kepada ekosistem, alam sekitar dan manusia. Oleh kerana itu, 

pembangunan formulasi racun serangga miko yang boleh mengawal ulat 

bungkus serta menjadi alternatif dalam mengurangkan kebergantungan racun 

serangga kimia. Racun serangga miko telah terbukti mempunyai potensi besar 

di dalam pengurusan serangga perosak, sambil meminimumkan kesan buruk 

racun serangga kimia, ia juga telah banyak digunakan di seluruh dunia dalam 

mengawal pelbagai perosak. Dalam kajian ini, formulasi emulsi Isaria 

fumosorosea berasaskan minyak telah disediakan, dicirikan, dan dinilai 



© C
OPYRIG

HT U
PM

v 
 

keberkesanannya terhadap larva Metisa plana peringkat 1 hingga 4. Strain I. 

fumosorosea (baucar bernombor TSJ772C) berkod BSB01 yang diasingkan 

daripada ulat bungkus yang dijangkiti dari ladang United Melaka Berhad 

(UMB) di Kemayan, Pahang telah digunakan sebagai bahan aktif dalam 

pembangunan formulasi kerana ia merupakan pencilan paling virulen terhadap 

Pteroma pendula. Pencilan ini kemudiannya dihasilkan di dalam kuantiti yang 

banyak (107 CFU/mL), dan diformulasikan melalui rajah fasa ternary yang 

terdiri daripada 20% (w/w) surfaktan, 40% (w/w) minyak, dan 40% (w/w) air. 

Pertama, surfaktan dan minyak dinilai keserasiannya dengan konidia dengan 

menggunakan kaedah pemiringan terus. Dua sistem melalui rajah fasa ternary 

telah dihasilkan, iaitu Tween 20/glyserin/air dan Tween 80/glyserin/air. Kedua-

dua sistem yang dipilih menunjukkan kawan isotropik yang besar. Kesemua 

formulasi adalah stabil di bawah emparan, penyimpanan pada 26±1°C, dan di 

bawah suhu setinggi 54±1°C selama dua minggu. Kedua-dua formulasi 

mempunyai saiz melebihi >100 nm yang menunjukkan formulasi yang 

dihasilkan bukan dalam kategori emulsi-nano. Potensi zeta formulasi berjulat 

antara -29.4 hingga -36.2 mV, pH antara 6.53 hingga 7.38, tensi permukaan 

antara 41 hingga 51 mN/m, dan kelikatan antara 300.83 hingga 384.73 mPas. 

Namun begitu, selepas 45 hari selepas aplikasi penggunaan formulasi racun 

serangga miko; Tween 20/glyserin/air and Tween 80/glyserin/air yang 

dihasilkan menggunakan I. fumosorosea sebagai bahan kandungan aktif 

memberi keberkesanan yang setaraf jika dibandingkan kawalan positif, serta 

mampu mengurangkan populasi M. plana terutamanya pada peringkat yang 

penting di bawah tahap ambang ekonomi (ETL). Fomulasi – formulasi yang 

dihasilkan juga tidak menunjukkan sebarang peningkatan ketara terhadap 
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pendebunga kelapa sawit, Elaeidobius kamerunicus. Ini menunjukkan bahawa 

kesemua formulasi yang dihasilkan tidak berbahaya sama sekali walaupun 

terdapat penurunan bilangan populasi seminggu selepas rawatan dijalankan. 

Penemuan ini juga menunjukkan bahawa faktor abiotik seperti suhu harian, 

kelembapan relatif, jumlah hujan dan min kelajuan angin mempunyai kesan 

secara terus kepada keberkesanan aplikasi formulasi. 

 

Kata Kunci: Emulsi-nano, Isaria fumosorosea, kulat entomopatogenik, 

pendebunga, ulat bungkus 

SDG: GOAL 9: INDUSTRI, INOVASI DAN INFRASTRUKTUR
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CHAPTER 1 
 
 

INTRODUCTION 
 

Being recognized as a ‘Golden Crop’ of the country, oil palm has been a crucial 

commodities crop and a major contributor to the Malaysian economy for the 

past thirty years. Malaysia has the position of the second largest global 

producer of palm oil, following Indonesia accounting for around 27% of the 

total global palm oil production. Both Indonesia and Malaysia play a significant 

role in the oil palm sector, collectively accounting for over 85% of global oil 

palm production. Oil palm accounted for 2.7% of Malaysia’s Gross Domestic 

Product (GDP) in the year of 2020 (Ahmad et al., 2023). As of the year 2019, 

the total land area of Malaysia dedicated to oil palm cultivation amounted to 

5.9 million hectares, with approximately 46.9% of this land being in Peninsular 

Malaysia. Sabah and Sarawak exhibited a near parity in terms of their 

respective land allocations for oil palm cultivation, with Sabah accounting for 

26.9% and Sarawak accounting for 26.1% of the total land share (Malaysia 

Palm Oil Board, 2020). 

 

 

At present, there exist three prominent species of bagworms that have been 

identified as the primary pest impacting oil palm plantations. These species 

include Metisa plana Walker, Pteroma pendula Joannis, and Mahasena 

corbetti Tams (Lepidoptera: Psychidae) (Cheong and Tey, 2012). Ramlah et 

al., (2007) reported that both M. plana and P. pendula have caused severe 
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yield losses ranging from 33 to 47%, with M. plana being the most 

economically significant and crucial defoliator. While M. corbetti has a more 

widespread distribution and has been recorded from Borneo (Sabah and 

Brunei), Thailand, Indonesia, Solomon Islands, and Samoa (Robinson et al., 

1994). 

 

 

According to Wood and Norman, (2019), there has been an increase in the 

severity of bagworm outbreaks from the 1990s till the present. This has had a 

significant impact on the oil palm yield, as infestation has been found to be 

detrimental due to the use of delayed and inappropriate treatment measures 

(Tey and Cheong, 2013). During an outbreak, the bagworm larvae consumed 

a substantial quantity of photosynthetic leaf surfaces on oil palm trees 

(Priwiritama et al., 2019), thus impacting the productivity in terms of both the 

quantity and size of fruit bunches (Ooi and Norman, 2018). According to the 

Malaysia Act 1967 (Plant Quarantine Act 1967), the Malaysian government 

officially classified bagworm as a hazardous pest on 15 November 2013 

(Norman et al., 2017). Under the provisions of the Plant Quarantine Act 1967, 

anyone who owns a plantation or is a smallholder and fails to take appropriate 

measures to control the bagworm infestation may be subject to penalties of up 

to RM10,000 or imprisonment for a period of two years (Attorney General’s 

Chambers, 2013). 
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When the bagworm population reaches the economic threshold or when there 

is an explosion of pests in the field, control measures using chemical 

insecticides are the main choice. Due to the high intensity of the M. plana 

attack on oil palm plantation, it is a common choice due to the rapid action in 

reducing the pest population. In contrast to smallholdings, many plantations 

have increasingly adopted chemical insecticides as the primary method of 

bagworm outbreak management (Hasber and Noor, 2012). Malaysian 

Agriculture Digest (2013) has reported that in 2005, the usage of agrichemicals 

was RM328 million. Meanwhile in 2012, the increment figure of agrichemical 

usage to RM563 million was reported. The usage of pesticides in Malaysia 

showed a similar trend where there was a significant increase of about 28% 

since 2008. 

 

 

However, overreliance on chemical insecticides in controlling these pests has 

often led to the development of much other more persistence problems such 

as resistance of pests to treatment, harmful chemical residues in the 

environment, and the disruption of beneficial insect populations. Despite the 

over usage, effective management of this pest in the oil palm industry remain 

unresolved. Biological control approaches have long been praised for their 

capacity to play a significant role in pest and disease management. Recent 

research revealed that biological control can be an effective alternative to 

chemical control. 
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To control the pest outbreak, today, pest control management has successful 

in manipulating living things, including beneficial bacteria. A biopesticide can 

be defined as a type of pesticide that is created from natural materials and 

possess the ability to effectively manage pests through unique biological 

effects or actions (Koul, 2023). Biopesticides have a narrower range of pests 

that they target compared to chemical pesticides, which means they can lower 

the risk to other organisms (Thakore, 2006; Glare et al., 2012). Beauveria spp., 

Isaria spp., Lecanicillium spp., and Metarhizium spp. are types of fungi that 

naturally occur and have the capacity to infect and kill several insect pests, 

including different species of herbivores that chew or suck on plants (Sharma 

et al., 2023). These fungi have a high degree of specificity towards their target 

and are environmentally friendly in comparison to synthetic pesticides that 

have a wide range of effectiveness. Several studies have shown the ability of 

various species of entomopathogenic fungi to cause infection in Lepidopterous 

caterpillars (Loong et al., 2013). 

 

 

Research has shown that the use of oil emulsion or oil in water emulsion 

improves the efficiency of entomopathogens in controlling a diverse range of 

insects, regardless of whether the environment is regulated or uncontrolled 

(Polar et al., 2005b). The oil emulsion formulation developed by Kumar et al., 

in 2017 improved the effectiveness of I. fumosorosea. The oil formulations are 

useful in avoiding imbibitional damage of conidia (Xavier-Santos et al., 2011) 

to favour the dispersion and adhesion of conidia on the cuticle of the arthropod 

(David-Henriet et al., 1998). Besides that, the formulation could protect the 
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conidia against dehydration in low-humidity environments (Bateman et al., 

1993). 

 

 

Currently most of the studies done has been on the application of conidia as 

active ingredient, but little has been done with the usage of mycelium as active 

ingredient. With some of the studies reported that it can perform equally or 

even more virulent against several host species compared to conidia alone 

(Hall, 1981: Bartlett and Jaronski, 1988; Fargues et al., 1994; Jackson et al., 

1997; Burges, 1998; Vandenberg et al., 1998; Vega et al., 1999). Therefore, 

this study sets several objectives in expanding the knowledge of I. 

fumosorosea, and the preparation of oil emulsion as a microbial biopesticide. 

 

 

The objectives for this research were as below: 

1. To develop and characterize emulsion formulation of I. fumosorosea. 

2. To evaluate the efficacy of I. fumosorosea emulsion after application 

against the bagworms, M. plana and its side effects on oil palm pollinator, 

Elaeidobius kamerunicus. 

3. To investigate the effects of temperature, rainfall, relative humidity, and 

wind speed on M. plana populations after being applied with I. fumosorosea 

emulsion formulation.
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