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ABSTRACT 

Insect Growth Regulator (I Rs) arc in ecticide that act on ecdy ine and juvenile
honnone or a ch ·t· ' in ynthesis inhibitor. In thi tudy, application of chitin ynthesis 
inhibitor (flufenoxuron, lufenuron and chlorfluazuron), Bacillus thuringiensls, fipronil

and cypennethrin may affect the percentage of weevil survival and emergence according

to insecticidal effects. Thus, a laboratory study was carried out to evaluate the effect of

lGRs on survival of the palm weevil Elaeidobius kamerunicus. Three different 

concentrations of each treatment were prepared using 200 mL of distilled water. Each

concentration of treatment was topically applied with I µL of the pesticides onto the 

dorsum of the prothorax of adult weevil by using an eppendorf IO µL micropipette. 

While dipping method was done by randomly taking three spike lets of male inflorescence 

at anthesis and dipped into each different concentration of treatments. Application of 

flufenoxuron had less hazardous effect on E. kamerunicus for both bioassays application 

as there was more than 90% weevil survival and 60% of weevil emergence by seven days 

after treatment (DAT). Bacillus thuringiensis gave more than 90% weevil survival. 

Lufenuron also had high weevil survival but the adult emergence was more depressed 

(24.14%). Chlorfluazuron had more adverse effects on percentage of weevil survival 

when compared to lufenuron as the chlorfluazuron was toxic but the effect was slow on 

adult weevil. Application of cypermethrin and fipronil were highly toxic and caused 

I 00% mortality immediately after treatment. It was concluded that flufenoxuron and B.

thuringiensis had high potential as alternative pesticides for pest control in the oil palm 

plantation as they did not harm the pollinator weevil E. kamerunicus and were less 

hazardous to the environment. 
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ABSTRAK 

Pengawal Selia Pertumbuhan Serangga (1GRs) adalah racun serangga yang bertindak ke 
atas ecdysine dan hormon Juvana atau perencat sintesis kitin. Dalam kajian ini. perencat 
kitin sintesis (flufenoxuron, lufenuron dan chlorfluazuron), Bacillus thuringiensis, 

fipronil dan cypermethrin mungkin memberi kesan terhadap peratusan kumbang hidup 
dan menetas bergantung pada kesan racun. Oleh itu, kajian makmal telah dijalankan 

untuk menilai kesan IGRS pada keupayaan kumbang pendebungaan Elaeidobius 
kamerunicus untuk hidup dan menetas, Tiga jenis kepekatan setiap racun telah disediakan 

dengan menggunakan 200 mL rawatan air suling. Kaedah topikal menggunakan I u. 
bagi setiap jenis rawatan racun telah dijalankan ke atas prothorax kumbang dewasa 

dengan menggunakan eppendorf 10 l micropipette. Kaedah mencelup juga dilakukan 

dengan mengambil secara rawak tiga spikelet yang telah berbunga dan dicelup ke dalam 

setiap kepekatan yang mempunyai rawatan berbeza. Kesan flufenoxuron adalah kurang 

berbahaya ke atas E. kamerunicus untuk kedua-dua bioassei kerana lebih 90% dan 60% 

daripada kumbang hidup dan menetas tujuh hari selepas rawatan (DAT). Bacillus 

thuringiensis memberikan lebih daripada 90% kumbang hidup. Lufenuron juga 

mempunyai peratusan kumbang hidup tinggi tetapi kumbang menetas adalah lebih rendah 

(24.14%). Chlorfluazuron memberi kesan berbahaya kepada kumbang berbanding 

Jufenuron kerana racun chlorfluazuron bertindak perlahan ke atas kumbang hidup. 

Penggunaan cypermethrin dan fipronil adalah sangat toksik, menyebabkan 100% 

kematian serta-merta selepas rawatan. Kesimpulannya, flufenoxuron dan B. thuringiensis 

berpotensi sebagai cara alternatif untuk kawalan perosak kerana kedua-dua jenis racun ini 

tidak berbahaya terhadap kumbang E. kemerunicus dan juga terhadap alam sekitar. ©COPYRIG
HT U
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1.1 Background 

HAYTER I 

ROD cno 

1ield produ ti n f rop it in I 

fertilizati n, pollination and pruning. The intera tion , ithin en ir nmental fa tor uch 

as weather soil insect pest and disease problem and also management in the plantation i 

important as well. The management of pest is an important component for crop 

production. Specific pest and disease problems that attack the crops and fruits can 

directly reduce yield. 

In oil palm plantations, the bunch moth Tirathaba mundella is one of the serious pests of 

the flowers and fruit bunches. This pest that comes from family Pyralidae is a pest that 

can cause fruit deformation and also bunch abortion. The infestation from bunch moth 

sometimes resulted from poor sanitation such as weedy field or unharvested rotten 

bunches on the palms (Wood 1976). 

Infestation by T mundella will affect oil production. Basically, to reduce the population 

of T mundella, the planters treated infested palm with cypennethrin or fipronil (Lim et 

al. 2012). Both of these pesticides were effective in control the pest as it required a short 

time to kill the pest. However, these highly toxic Class II pesticides may affect the palm 

pollinator weevil E. kamerunicus and as the result may affect the yield of oil palm. 

Therefore, to reduce the using of chemical pesticides which were very toxic to 

environment, health, food sources and non-target organisms, selected Insect Growth 
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Regulators (IORs) which wer la IV in cticide were evaluated for their effect on 

survival of the pollinator weevil£. le.am rtmlcu.,.

1.2 Objective 

The objectiv ofthi tudy wa to evaluate the effect of In ect Growth Regulators (]GR 

on survival of the palm p llinat r we vii£. kamerunl us.
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2.1 h,trod t n 

11 nu 1 

I rt RA t R Rt 

The lem f t in uhu ,m mic. 

t nti I t 

nm nt. f'h infi 'ti '" 1n nd 

indu 

fitabilit and threaten human ell. ormall . t reduce and I e he n mber 

infection. chemical insecticides were used in agri ulture, househ Id ind trte . 

nd 

Wojciech and Korsten (2002) reported that chemical insecticide ha e pro en e ective 

for increasing agriculture and forestry producti ities and provide man benefits to food 

production and human health. However there are some disadvantages as it can give some 

hazards to water and food sources destroying of non-target flora and fauna, in food bain 

concentration and insect pest population could become resistant to chemical insecti :ides_ 

As alternative McDonald and Linde (2002) reported that several of biological agents 

formulated from bacteria, fungi, virus, plant extract and pheromones have been used t 

control insects responsible for forests and agriculture crops destruction. 

©COPYRIG
HT U

PM



. o I r•tm

Im 

th n I n tim th 

Im rndu t in Mal 

,n 

im 

r m le than h 

h tar in 19 MP O 2012). oda . Mala ia produce 17. 

palm it and 2.1 milli n nne f PK with .2 milli n h tare f Ian

palm ulti ation (MP B 2014). 

2.3 E/a,eidobiu.s· kamerunicus, a Pollinator Weevil in Oil Palm Plantation 

Elaeidobius kam runicus in the order of Coleoptera and family urculionidae yi, 

introduced into Malay ia in 1981 from Cameroon, Africa (Najib et al. 2009. Th 

introducing of thi weevil led to increase of about 36.9% to 56.0% in fruit t and 400/i 

increase in bunch weight ( aravanan et al. 2014). 

Before this several species of pollinating agents were introduced but £. kamenmi 

as the pred minant species Table 2.1) followed b a d nn pt ran arwi0 

Forficulidae a micr lepidopteran moth (Co mopterigidae) and the lndian h ne bee, 

Apis erano indica Hymen ptcra: Apidae) ( ambathkumar and Ranjith 2011). H wever, 

all of the except fi r £. kamerunic11.v, did n t have ignifican e , ith regard to 

pollinati n in ii palm. 

4 
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Table 2.1 Insect visitors on oil palm inflorescence 

Insect Order: family Insect visit on 
inflorescences 

Male Female 

I. African oil palm weevil Coleopteran: I I 

(Elaeidobius ka111enmic11s) Curculionidac 

2. Earwig Dermaptcra: I I 

(Forficula a11ric11/aria) Forficulidac 

3. Moth Lcpidoptcra: I I 

(A11a1rachymis rileyi) Cosmoptcrigidae 

-1. Leaf caterpillar Lepidoptcra: I X 

(E(1m111ias sp.) Nymphalidac 

5. Citrus butterfly Lepidoptera: I X 

(Papilio sp.) Papilionidae 

6. Butterfly- Yellows Lepidoptern: I X 

(E11r<1111(1 hecabe) Picridac 

7. Indian honey bee Hymcnoptcra: I I 

(Apis cerana indica) Apidac 

8. Dammer bee Hymcnoptcra: I X 

(Trigint1 iridipe1111is) Mcliponicae 

9. Black ant Hymenoptera: X I 

(Camponotm sp.) Formicidae 

10. Leaf cutter bee Hymenoptcra: I X 

(Megachi/e sp.) Megachilidae 

11. Cuckoo wasp Hymcnoptcra: I X 
(Thyrem ca,md,wp1111ctat11s) Chrysididac 

12. Carpenter bee 11 ymenoptcra: I X 
(Xylocopa sp.) Xylocopodae 

13. Giant hornet H ymenoptcra: I X 
(f ·espa sp.) Vespidae 

1-1. Mealy bug l-lymenoptera: X 
(l'amcocc11s 111argi11a111s) Pseudococcidae 

I 5. Hover fly Diptera: I X 
(£pisyrph11s sp.) Syrphidae 

Note: (/) - Present; (X) - Absent 

5 
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J-ranz and Valent (2005) al o ·tated that adult we vii (£. kamerunlcu.,) were highly

pcciali d and more efficient a oil palm p llinator •. These weevil were able to transfer

pollen from male to female inflorescences of many adjacent palm . The weevil was

dominating on both male and female flowers during anthesis of male inflorescence.

2.3.l Development and Morphology of the Weevil 

Understanding of several aspects of pollinating weevil and also male inflorescences in oil 

palm can help assist pollinating weevil as pollinating agents in oil palm plantation. Basri 

and Nonnan (1997) reported that about 15-30 male inflorescences were required for 

normal weevils for good pollination and population weevil depending to male anthesis 

stages. Life cycle of the weevils is totally depending on the male inflorescence on oil 

palm. 

Tiu (20 I I) found that development of weevil from egg to larvae was between 2 or 3 days, 

and took between 5 to 10 days to become pupa. Pupa period occur within 2 to 6 days, and 

18 days for the adult weevil. Sholehana (2010) reported that the life cycle of E.

kamerunicus was 33 days that includes about 2.5 days of egg, 12 days of larvae, 5 days of 

pupa and 18 days for female adult weevil while 15 days for male adult weevil. She also 

stated that E. kamerunicus had a fecundity of 27 eggs in a life cycle and about 72.9% of 

mortality from egg to adult. The laying of E. kamerunicus egg varied from 35 to 48 eggs. 

Normally, not all the weevils could complete the life cycle as there were many limiting 

factors that contribute such as climate, temperature, humidity and other. 

6 
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( ii p Im I llin hr / lro111 ;,,,, cit J, 

I 11 Md ,,, of 

1h01 I:.. !am , 1ml 11t

ind 

adult. J mm I I' pup . I• J mm f< r lor a· 011d 0. mm f r 

w ii i. dnrk bro, nii-h in head and. hinin br n in bod . r hi 

f le , antenna 2 pair f wing and n ut. 

Stages 

Egg 

Larvae 

Pupa 

Imago 

Table 2.2 The morpholog of weevil £. lwmerunicu

Length 
(mm) 

0.5 

1-3.5

3 

3.5-4 

Width 
(mm) 

0.5 

1.5 

1.2-1.5 

Morphology 

Round shape 

Have head, 
mouth to chew 

I ur 

Shining yellow. 

and Yellow white and 
the end become 
yellow 

Have head, thorax Yellow and after 
and abdomen that, it become 

brownish to black 

3 pairs of legs, Dark brownish m 
antenna, 2 pairs of head and shining 
wings, snout. brown in bod}. 

2.4 The Pest that Attacks Fruit Bunches of Oil Palm 

Lim (2012) reported that T. mundella was the bunch moth that had become one of the 

most important pests in oil palm planted on peat soil. About 50% of crop , ould be lo t 

and free fatty acid (FFA) content in palm oil also increased in infested bunches if the 

infestation by T. mundel/a were not properly managed by the planters. Tirathaba

mundella have a short life cycle and thus can spread fast especially with poor sanitation 

and in the pre ence of unharvested rotten bunches on the palms. If the caterpillar infested 

a palm the development of female inflorescence and bunches at various stages would be 

atta ked. ymptorn of infe tat ion by T m1mdella could be seen as the fruit bunches were 

7 
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ovcred , ith faeces and have n n-glo appearance comp red t h Ith un h th t 

have hin appearance. Beside , on the outer layer of ripening frui h n that 

were caused by caterpillar feeding on them. Ariflin and Basri (2000 stated that the 

damaged fruits fell to the ground prematurely or developed without kernel . The egg of 

bunch moth can be found from over ripe rotten bunches or in bunches or inflorescence 

which have fallen to the ground 

2.4.1 The Morphology of Pest T. mundella

Forestry Compendium (2012) reported that there are always confusion to identify 

between T. mundella and Tirathaba rufrvena. Tirathaba mundella is a common pest on 

Elaeis but T. rufivena fed on Cocos although sometimes it may also occur on Elaeis. 

Tirathaba mundel/a can be differentiated from T. rujivena by wingspan and characters on 

the forewing of adult moths. Tirathaba mundella has a wingspan of 19-22 mm and grey 

colour of forewing with black scales. Tirathaba rujivena has a wingspan of 29-34 mm 

and forewings reddish in colour. 

The distribution of T. mundella mainly in Malaysia, India and Indonesia based on 

available information (Table 2.3). Malaysia was the widespread of this pest distribution 

compared to others countries (Forestry Compendium 2012). 

8 
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Tobi, .. Di!llrlh11tion ol' 'l'. 1111mrkl/u i11 South l',W1t A i:. ha I on availahl • 
i II fonnul ion 

A ian ountr 

India 
Andaman and Nicobar 
Island 
Karnata Bengalka 
Kerala 
West Bengal 

Indonesia 
Java 

Sumatra 

Malaysia 

Distrihution 

Present 

Present 

Kcference 

Bhumannavar and fa.cob 1990} 

Daniel and Kumar ( 1969) 
Nair and Rawther ( 1969) 
Sit and A vrajyoti Ghosh (2005) 

Waterhouse ( 1993 ); K,alshoven 1950) 
Kalshoven and LG ; Lann PA van 

der 

Widespread Wood and Ng. (1974); Waterhouse 
(1993 

2.5 Types of Pesticides Normally Used in Oil Palm Plantation 

2.5.1 Gram Positive, B. thuringiensis 

Bacillus thuringiensis is a Gram-positive bacterium that produces protein crystal that can 

be toxic to certain insect pests (Najib et al. 2012). Bacillus thuringiensis proteins crystal 

are considered to be safe to human and non-target organisms such as wildlife and thus the 

fonnulation can be used essentially for all food crops (Cranshaw 2012). He also stated 

that B. thuringiensis causes bacterial disease that naturally exists in insects, and in some 

insecticides, it can be as an active ingredient. Several products of B. thuringiensis have 

been developed in large quantity because of the safety to user, suitable for insect pest 

controls and also widespread use as microbial insecticide. In global biopesticides marke� 

biopesticides based on B. thuringiensis have contributed up to 90% and have been 

considered as valuable products worldwide compared to others insecticides (NPTN 2004) 

with estimated annual sales of as $100 million (Federici et al. 2006; Kaur 2002). 

9 
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·1 h II tiv, In r •di •nt n /J, 1/mr/1111,,mil,'f rm,duct ar • a , ixtur • ttf P'Jf�' and crystal

toxin, prtit hiR produ • d during 1h • 11 ·r11hi • luV, phu•) • ,,t the vp,w h (,,yell; of th b'<ieteria 

(NPTN 2004). Ohrlhl et al. (2006) reported that the mixture w re a ily harve<;ted and 

fom,ulutcd. The o-cndotoxins protein is olubilizcd in the midgut when the in� ingested 

the products (Ammounch et al. 2010). In the prc�ncc of the pccific receptor in the 

midgut epithelium, the crystal toxicity to the insect is determined (Bravo et al. 2007). 

Ramlah (2000) reported that several 6-cndotoxins have receptor protein'i in the gut lining 

of insects, such as the oil palm bagworms, Meti.va plana. 

Numerous research studies have been conducted on different !>trains of B. thuringi.ensis 

that affect larvae from Lepidoptera, Diptera and Coleoptera (NPTN 2004). ajib et al. 

(2009) reported that B. thuringiensis is very toxic to certain Lepidoptera and sometimes to 

non-target species. This biopesticides are toxic to small invertebrates and larvae of 

susceptible insects (Federici 2005; Praca et al. 2004). For example, it is commonly used 

for some leaf and nettle feeding caterpillars and also can affect fly larvae (Cranshaw 

2012). During handling of T. mundella on fruit bunches in oil palm plantation, the speedy 

application of B. thuringiensis and good sanitation is an effective way to avoid outbreak 

situation (Lim 2012). Biopesticides that have B. thuringiensis as a based are not toxic to 

E. kamerunicus, the oil palm pollinator weevil and also other beneficial insect (Najib et

al. 2012). 

2.5.2 Cypermethrin 

Cypermethrin is a Class II pesticide that used to control insects in the household and 

agriculture fields. It is widely used in agriculture and veterinary medicine and therefore it 

is considered as safe to environment (Shukla et al. 2002). However, uncontrolled and 

10 
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repetitive applications lead to unintcnd effects in non-target organisms. Gowland (2002) 

reponed that cypcm1ethrin is highly toxic to fish population and aquatic invcnebratcs. 

Slow metabolism and elimination of these compounds can relatively cause �cnsitivity to 

fish (David el al. 2003). 

En oil palm plnntntion. cypermethrin is used to control leaf-eating pests such as 

bagworms. nettle cuterpillors ond rhinoceros beetles (Halimah el al. 2009). Najib el al.

{2009) reported that cypcrmethrin was significantly toxic to E. ka111en111icus as it causing 

100% monality even one day afler treatment (DAT). Lim (2012) reported that afler 

spraying of cypenncthrin, tne population of pollinating weevils. £. kamerunicus and 

earwigs. Chelisoches moris which is a beneficinl insect and useful as predator of the T.

1111111del/a were aOected after several observations. 

Anand el al. (2012) reported that eypermethrin can cross the blood brain barrier and 

induce neurotoxicity and motor deficits. Cypcrrnethrin can increase duration of opening 

of sodium channel, a major site of its action, leading to hyper-excitation of the central 

nervous system. In sodium channel also cypcm1ethrin can modulates chloride, voltage­

gated calcium and potassium channels. alters the activity of glutamate and acetylcholine 

receptors and adenosinc triphosphates and induces DNA damage and oxidative stress in 

the neuronal cells. Cypermethrin also can modulate the level of neurotransmitler that 

including gamma-aminobutyric acid (GABA) and dopamine. 

II 
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2.5.3 Fitlronll 

NPI ( 009) Ppor1 •d thll1 nrmmll wn • first irHrodu • ·d 111 th· I J .S. in I'>% for Indoor p • 1t 

and commc, ·inl 111rr prndu ·t.. Flpronll is II hron<.J. r· ·tnun In ell ·id· o �lac; 11 toxicity 

that belongs to the phcn Ip rnzol • ch ·mi ·ul f'umlly. Mo t.ly. f1pronil i u "d to contr ,I 

beetles. ants, thrips. ·ockrouche , fleas; weevils and other imicct�. It i highly toxic to fi h 

and aquatic invertebrates, bees, upland game birds und ponially toxic to watcrfi wl but 

non-toxic to mallard ducks and other bird species. 

In oil palm plantation, the common method used to control termites is by using fipr nil. 

Fipronil is widely used for termite management (Zulkifli 2007). Lim and Silek (200 I) 

reported that fipronil is good for termite control in field trials on 2.5 years oil palms. 

From the symptoms that observed and severity of attack, three stages of infestation are 

classified which are initial, intermediate and advanced stage. Therefore, after fipronil 

treatment was applied, there was 100% recovery of palms when treated at the initial stage 

of infestation, about 90% at intermediate stage of infestation and 20% for advanced stage 

of infestation on palms. 

Fipronil is effective for insect by ingestion and causes neutral excitation and convulsion 

in insects at the end resulting death for insects (FAQ 2009; NPTN 1997). Fipronil kills 

the insects when they eat it or in contact with it. It works by disrupting the normal 

function of the central nervous system in insects. 

At normal room temperature, fipronil can be stable for one year in the absence of metallic 

ions. Fipronil and some of its degraders may bioaccumulation, particularly in fish (Tingle 

et al. 2003). Fipronil is not readily considered for biodegradable (NPTN 1997). Lack of 
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!Im ·nr cn11. It I d • rn I � th fipr nll p• ticid _ with h If-life

1 116-1. O d , .. It L odciorb 'd to . uqp ·nd •d c; ,lid and dim nt. In ba ic oluti n, the

half-life is R d, ,� nnd it remain. Mohl· to hr ok<lo n hy t r at mildly cidic to 

neutral pH. Fipronil ho o holf .. 11 • f ,6 hours in wot. -·r when exposed t sunlight and 

about . t<1 7 month half-lif on vegetation. 

2.6 Insect Growth Regulators (IGRs) Class IV Pesticides 

David (2002) reported that Insect Growth Regulators (IGRs) disturbe-d embryonic, larval 

and nymph development, and disrupts metamorphosis and reproduction. It is highly 

selective to insects and arthropods. IGRs will prevent insects from maturing into adults 

and have low environmental toxicity with reduced risk to non-target insects. 

JG Rs can be separated into three categories based on mode of action which are juvenile 

hormone (JH), ecdysone and chitin synthesis inhibitors (CSI) (Hoffman and Lorenz 

1998). Based on these categories, JH arrest development and cause insects to remain in 

immature stage, preventing them from completing their life cycle. Ecdysone disrupts 

molting by inhibiting metabolism of the molting hormone and CSI interfere with 

enzymes that stimulate the synthesis and formation of chitin which is an essential 

component of the exoskeleton. Without chitin, insects die in immature stage or mature 

into sterile male or female adults (Cloyd 2013). 

James (2002) claimed that the hormones are indispensable to insect development and are 

involved in other important processes such as spermatogenesis, vitellogenesis, oogenesis 

and sexual behaviour. Ruberson et al. ( 1998) reported that the effects of IGRs were to 

disturb development and metamorphosis and action in insect pest. Therefore, these 

13 

©COPYRIG
HT U

PM



mp und can be id , ere afe to natural en mie and alt mativ way to replace 

hemical in e ti ide be au e lethal and ub-lethal efTect of the latter are con idered 

hight ri k to benefi ial pe ie . 

2.6.1 Lufenuron 

Lufenuron is a benzoylphenylurea class of insecticide which act as a chitin synthesis 

inhibitor. It has been proven in the treatment of fleas feeding on dogs and cats by oral or 

parenteral administration (Dean et al. 1999; Meola et al. 1998). The high dosage of 

lufenuron recommended for anti-flea treatment was very effective in treating 

dermatomycoses in dogs and cats (Ben-Ziony and Arzi 2000). It was having high demand 

due to their low mammalian toxicity and no mutagenic and teratogenic effects on warm­

blooded animals (Mondal and Parween 2000). 

Besides, lufenuron also provides for control of larvae of some insect leaf miners and fruit 

flies (Diptera), psyllids and flocculent white fly (Homoptera) and rust mites. Lufenuron 

can be used in a wide range of crops such as cotton, maize, sugar beet, potatoes, other 

vegetables, grapes, citrus, other fruit, and ornamentals (Deivanayagam et al. 2010). 

Lufenuron is only active against immature larval and molted nymph stage of arthropods. 

It is active in digestion activity. Optimum control of fruit pests is obtained when 

lufenuron is applied at egg hatching. Lufenuron could not cause pupa mortality, 

irrespectively of the pupa stage. It exerted some action on adult morphogenesis (Ghoneim 

et al. 2003). Lufenuron was effective as larvicide against 8 to 20 days old larvae but had 

little effect on newly hatched larvae of Lepidoptera (Charmillot et al. 1991 ). 
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2.6.2 l-lufcno1uron 

flO 

ht '" �u 1n i� I nz phcn 1 1 urea in· ricide d el ped b 'h II Re rch

td. (United Kingd m) \ hi h inhibits hitin bi nthc i (M A ,r up I in 

mite and cpid ptera larvae. Flufeno uron i ti nnulated a 50 and I 00 r

Fl under trade name ascade. The e fonnulations are depending on the crop and the 

untry of u e that proposed for one to four foliar applications per season to the a ve 

crops at rate equivalent to 40-250 g a.i/ha/application. 

Kondo et al. (2002) reported that tlufenoxuron is chitin synthesis inhibitor that interferes 

with the exoskeleton chitin by contact due to its lipophilic properties. High concentration 

of tlufenoxuron can caused anti-feeding effect. Clarke and Jewess ( 1990) reported that 

the flufenoxuron sub-lethal effects persist for a long time in insect body after ingestion 

due to its delayed metabolism. 

2.6.3 Chlorfluazuron 

Chlorfluazuron is a benzylphenyl urea (BPU) and chitin synthesis inhibitor (CSI) 

(Perveen 2005). It is a promising insecticide which is highly effective on Lepidoptera and 

Coleoptera larvae (Adel 2008). 

15 

©COPYRIG
HT U

PM



This IGR have long life in insect bodies with II slow metobolism and elimination rate 

strategies. Chlortluazuron can be ndop1ed in pest control strotegies and can be used in 

integrated pest management (1PM) programme which can better as pest control 

(Snmmour et al. 2008; Fahmy and Miyntn 1998). 
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CHAPTER 3 

METHODOLOGY 

3.1 Location and Duration of Study 

The study was conducted at Entomology Laboratory of Universiti Putra Malaysia Bintulu 

Sarawak Campus (UPMKB). The study materials were obtained from the UPMKB Oil 

Palm Estate. Age of the palms ranged from 15 to 25 years old. The period of this study 

covered 5 months from October 2013 until February 2014. 

3.2 Sources of E. kamerunicus

The adult pollinating weevils were collected from male inflorescences of oil palm at 

UPMKB. The larvae stage of the weevil was obtained from male inflorescences three 

days after anthesis at the flowers. 

3.3 Preparation of Artificial Diet for Weevils 

The artificial diets for weevils E. kamerunicus were prepared in the laboratory (modified 

from Aziza and Zamzam 2013). The lists of ingredients as given in Table 3.1. All the 

ingredients are blended with 1 L of distilled water except agar, vitamin B complex, 

vitamin C and penicillin. The agar was dissolved in another 500 mL of boiling water. 

After that, the agar was added and mixed with the blended mixed diet. The ingredients 

were autoclaved, after cooling to 45°C, vitamin B complex, vitamin C and penicillin 

were added to the diet and gently swirled to dissolve. The mixture was poured into Petri 

dish at 15-20 mL per dish, and later keeps in refrigerator until use. ©COPYRIG
HT U

PM



Table 3.1 Ingredient of semi-artificial diets used for oil palm weevil, E.

kamerunicus 

Ingredients 

Carrot 
Sugar beet (beta vulgaris) 
Soya bean powder 
Sugarcane 
Egg yolk 
Dry milk 
Brewer yeast 
Sodium benzoate 
Molasses 
Coconut oil 
Folic acid 
Vitamin B complex 
Agar 
Ascorbic acid (vitamin C) 
Penicillin 
Distilled water 

Quantity 

25 g 
25 g 

50 g 
10 g 
I egg 
10 g 

15 g 
2g 

5 mL 
1 mL 

2g 
1 tablet 

20 g 
2g 

0.3 g 
1500 mL 

Note: Modification was made by removing the sorbic acid and powder of dry beans in the 
diet. Penicillin was added in media as antibiotic. 

3.4 The Amount of Active Ingredient (a.i) that Used for Each Concentration of 
Treatment 

The various concentrations of the treatments were prepared by using the label 

recommended rate, with one level at 50% below and one level at 50% above the 

recommended rate (Table 3.2), and the volume marked up until 200 mL with distilled 

water. 

Table 3. 2 Treatment concentrations according to active ingredient (a.i ) 

50% above Recommended 50% below 
Chemical Names recommended rate rate recommended rate 

(mg a.i L-1) (mg a.i L-1) (m� a.i L-1)
Flufenoxuron 270 180 90 
Lufenuron 120 80 40 
Chlorfluazuron 220 330 330 
Bacillus thuringiensis 510 340 170 
Fipronil 300 200 100 
Cypermethrin 300 200 100 
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J.� Uio11s A)' Mclhod

11,e IORs fl11fi n x11mn, luf-illlron nnd 'hlnrnun111ron wcr u cd as tcc;t pe ticides while 

fipronil. l. tl1"f'inRien. 1.,· and c pcrmcthrin were included ac; comm0n used in plantation 

pest ontrol r mrmdclla, and distilled wnt 'r was u ·cd as control. 

3.5.1 Topical Method AJ>plication 

n,e adult weevils were transferred into a Petri dish at IO weevils per Petri dish. Artificial 

diets were placed in the Petri dish as a food source for the weevils. As an additional in 

food source, 10% honey was used and soaked in cotton wool in a separate small dish. 

For the bioassay, each adult weevil was treated with 1.0 µL of the treatment liquid by 

topical application onto the dorsum of the prothorax using an eppendorf 10 µL 

mircropipette. Each treatment was replicated three times with 10 weevils per replicate. 

The weevils were incubated in the laboratory at a temperature 27°C and 50% RH. The 

survival of weevils was recorded daily after treatment. The Completely Randomized 

Design (CRD) was adopted in this experiment. 

3.5.2 Dipping Method Application 

Three spikelets of male inflorescence at anthesis stage were randomly taken and dipped 

into each concentration of pesticides without dried (Table 3.2). Each treatment was 

replicated for four times. The treated spikelet was transferred into a small container and 

incubated in the laboratory at 27°C and 50% RH. The number of adult emerged from the 

spikelet were recorded at seven days after treatment (DAT). The treatments were 

arranged in a Randomized omplete Block Design (RCBD). 
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4.1 Effect of Different Trc1ttmcnh of Pc tlcid " toward� Survi al of the Palm 

Wcc,•il Adult (E. k11memnlc11,,), hy Topical Application 

1 0 DAT. l 00% of the wee ils sur ivcd in treatment with flufcnox ron. I fe-nuron. 

'hlorfluazuron and /J. 1hurin�iensis across all concentration� 's �h< n in Fi I re 4.1. 

The survival trend decreased with increasing DAI. Although there as a . light 

decrease in survival beginning 2 and 3 DAT for flufenoxuron and lu enuron 

re pectively, there was still more than 90% survival by 7 DAT. Treatment with B.

lhuringiensis and chlorfluazuron, percentage survival decreased as early as 1 D T. 

and dropped to 87.78% by 5 DAT after which B. thuringiensis weevils continued to 

survive well while that of chlorfluazuron decreased to 66.67% by 7 DAT. Application 

of fipronil and cypermethrin, caused 100% mortality as early as 0 DAT which show 

that the chemical was highly toxic to the weevils. 
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Figure 4.1 Ovc all daily survival of wee il across all concentrations of 

selected pesticid s 
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4.1.1 Effect of 50% Increased Concentration for Each Different Insecticide on 

Oil Palm Pollinator Weevil, E. kamer,micus on 3 and 6 DAT 

Increased 50% of active ingredient from standard recommended dosage in each treatment 

(Table 4.1) showed the high weevil survival rate for all the biopesticide with 

chlorfluazuron and lufenuron having the highest survival rate of 96.67% at 3 DAT. 

However, the survival rate dropped slightly to 83.33% at 6 DAT for both of the 

treatments. The survival of weevils treated with flufenoxuron was 93.33% and it 

maintained till 6 DAT. Bacillus thuringiensis had a survival rate of 93.33% at 3 DAT and 

reduced to 86.67% at 6 DAT. No weevil survival with treatments of fipronil and 

cypennethrin at both 3 DAT and 6 DAT. 

Table 4.1 Survival of E. kamerunicus treated with 50% increase m active 

ingredient of recommended dosage of selected pesticides 

Treatment Concentration n Weevil survival(%) 

(mg a.i L-1) DAT 3 DAT 6 

Flufenoxuron 270 10 93.333±3.33 93.333±3.33 

Lufenuron 120 10 96.673±3.33 83.333±3.33 

Chlorfluazuron 220 10 96.673±3.33 83.333±6.67 

Bacillus thuringiensis 510 10 93.333±6.67 86.673±3.33 

Fipronil 300 10 O.00b±0.00 0.00b±0.00 

Cypennethrin 300 10 0.00b±0.00 0.00b±0.00 

Means with different letters indicated significant differences within column at P�0.05 

4.1.2 Effect of Recommended Concentration for Each Different Insecticide on 

Oil Palm Pollinator Weevil, E. kamerunicus on 3 and 6 DAT 

At the recommended dosage for topical bioassay on weevil survival (Table 4.2), 

treatment B. thuringiensis had 100% survival at 3 DAT but decreased to 90% at 6 DAT. 

The IGRs (flufenoxuron, chlorfluazuron and lufenuron) showed high survivability of the 

weevil with 96.67% at 3 DAT. Apart from lufenuron in which the survival rate was 
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m int, in ·d nt Q .( 7%. th· , c ii cwrvi nl of th oth ·r l\: o f(jR dropp d t 9 . % at 6 

[ /\ T. ·t 1 re, o. nc ut i nl o "' II in t ntrn nt · ilh fipronil and cypcrm thrin. 

Tabl 4. Th· urvi ol f E. kamenmlcu. nt tr ·atrncnt with recommended do age of 

�a h pe ti id· 

Treatment Concentration n Weevil survival(%) 

(mg a.i L·') DAT3 DAT6 

Flufenoxuron 180 10 96.67�3.33 93.33 3.33 

Lufenuron 80 10 96.67�3.33 96.67�3.33 

Chlorfluazuron 330 10 96.67�3.33 93.33�3.33 

Bacillus thuringiensis 340 10 l 00.00�0.00 90.0�S.77 

Fipronil 200 10 0.00b±0.00 0.00b±0.00 

Cypennethrin 200 10 0.00b±0.00 0.00b±0.00 

Means with different letters indicated significant differences within column at P�0.05 

4.1.3 Effect of 50% Reduction of Concentration from the Recommended Dosage 
of Different Insecticides on Oil Palm Pollinator Weevil, E. kamerunicus at 3 
and 6 DAT 

Table 4.3 showed the result of treatment by 50% reduction of active ingredient from 

recommended dosage by using topical application method. At 3 DAT, flufenoxuron, 

lufenuron and chlorfluazuron showed I 00% survivability and only lufenuron remained at 

100% survival rate at 6 DAT. The survival rate of B. thuringiensis was 96.67% at both 3 

DAT and 6 DAT. For treatments of cypennethrin and fipronil, there was no survival. 
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4.2 Effect of Different Treatments towards Adult Weevil Emergence by l' iag 
Spikelet Dipping Application 

4.2.1 Effect of 50% Increased Concentration over Recommended Dosage for 
Each Insecticide on Emergence of Adult Weevil 

For dipping method, the highest percentage of adult weevil emerged after 7 D T was 

flufenoxuron at 42.87% (Table 4.4). This was followed by chlorfluazuron with 4 .3()0/t 

B. thuringiensis with 34.98% and lufenuron with 17.25%. There was no adult emergen e

with treatments of cypermethrin and fipronil. 

Table 4.4 Effect of increasing each treatment with 50% of acti e ingredient from 

recommended dosage on weevil adult emergence 

Treatment Concentration (mg a.i L·1)

Flufenoxuron 270 

Lufenuron 120 

Chlorfluazuron 220 

Bacillus thuringiensis 510 

ipronil 300 

ypermethrin 300 

42.87½:_.71 

l .2-t>�3.05

42.39½: 1.28

34.98"±5.24

0.00 ±0.00

O.OOC±0.00

Means with different letter indicated ignificant difference , ithin column at PS0.05 
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4.2.2 Effect of Label Recommended Concentration of Insecticide on Emergence of 
Oil Palm Pollinator Weevil, E. kameru11/c11.f

At the recommended d age, emergence f adults from the pikelet was significantly 

higher with tlufenoxuron (74.39%) followed by chlorfluazuron (64.53%) and B.

thuringiensis (54.19%) compared to lufenuron (26.6%) (Table 4.5). The lowest was 

treatments with cypermethrin and fipronil where there was no emergence. 

Table 4.5 Emergence of adult E. kamerunicus at label recommended dosage of 

pesticides 

Treatment Concentration (mg a.i L-1) Weevil emergence(%) 

Flufenoxuron 180 74.39½:6.09 

Lufenuron 120 26.60b±J .89 

Chlorfluazuron 330 64.53½:2.05 

Bacillus thuringiensis 340 54.19½:10.71 

Fipronil 200 o.ooc±0.00

Cypermethrin 200 o.ooc±0.00

Means with different letters indicated significant differences within column at P:50.05 

4.2.3 Effect of 50% Reduction in Concentration on Recommended Dosage of 
Insecticide on Emergence of Oil Palm Pollinator Weevil, E. 
kamerunicus 

Flufenoxuron had the highest percentage emergence of weevil at 78.81 % (Table 4.6) 

followed by B. thuringiensis (73.40%), chlorfluazuron (55.17%) and lufenuron (28.58%). 

No adult emerged from treatment with cypermethrin and fipronil. 

25 

©COPYRIG
HT U

PM



Table 4.6 Emergence of adult weevil from treatment with 50% reduction of active 
ingredient from recommended dosage of pe tic ides 

Treatment Concentration (mg a.i L·1) Weevil emergence(%) 
Flufenoxuron 90 78.81 6.14
Lufenuron 40 28.56c 1.71 
Cblorofluazuron 330 55. J 7b±J .39
Bacillus thuringiensi 170 73 .4oat'± 7 .8 I
Fipronil 100 0.0Qd±0.00
Cypennethrin 100 0.0Qd±0.00

Means with different letters indicated significant differences within column at P�.05
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CHAPTER� 

DISCUSSION 

From this study, cypermethrin and fipronil were confirmed to have significant cffe<..-1 on 

the oil palm pollinating weevil (E. kamerunicus) adults and larvae by causing I 00% 

mortality for all concentration levels treated. Na jib et al. (2012) reported that 

cypermethrin led to 100% mortality even at 0 DAT to oil palm pollinating weevil as this 

insecticide has an adverse effect and highly toxic to the weevil. Cypermethrin is a Clas 

II insecticide that kills the insects by contact. This insecticide caused the sodium channel 

to remain open for prolonged period compared to the normal few millisecond periods, 

leading to paralysis (Rodriguez et al. 2009). Fipronil also is a Class II insecticide that is 

broad spectrum and highly toxic to bees, lizards and gallinaceous birds but showed less 

toxicity to waterfowl (Tingle et al. 2003). Fipronil can affect non-target insects in 

Coleoptera, Hymenoptera and Diptera order (Balarn;a and del Visscher 1997). 

The effects of IGRs (flufenoxuron, chlorfluazuron, and lufenuron) were much less 

hazardous compared to the chemical insecticides like cypermetrin and fipronil. IGRs are 

important in agriculture as they have low toxicity and safer in term of food production. 

Michelle (2003) reported that the compounds of IGRs generally affect only animals that 

molt. Thus, it basically does not affect non-target species such as fish, birds, mammals or 

other invertebrates. Usually, IGRs kill insects during the larval and nymphal stage and in 

some cases during pupa stages. Similar observation occurred in this study when treatment 

lufenuron was applied. The result showed that treatment lufenuron gave the lowest 

percentage on weevil emergence (24.14%) compared to other selected pesticides. Bakr et 

al. (2008) reported that lufenuron is only active against immature larval and nymph stage 
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ani. m. 81 i/111. 1/11,rin>(ien. I.� o l upon lnsec a n ·t mach pol ,1 via the ingc tion 

t . llte amount of B. tlwringiensi., inge ed by the aduf weevil 

vi. 1 pica I application may be less compared to the larvae as there may be some pe icide

re idu on the pike let. Hellmich and Hellmich (2012) reported that com rootworm 

I rvne e pecially larvae of the western com rootworm can be killed by B. thuringierui.s 

maize. However the effect of B. thuringiensis towards the weevil is safer when compared 

, ith IGR chlorfluazuron and lufenuron according to the percentage of adult weevil 

urvivability and emergence. 
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CO CL SIO 

t l. c of different treatment and oncentration f In c:t r wth Regulat r: 

flufcno, uron. lufcnuron nnd hi rfluazuron. and D rhurln�I n.vis, cypermethrin nd 

fipronil hod different cfTe t on the percentage of eevil urviv I nd emer ence. 

Flufcnoxuron and B. thuringiensis had potential to be used for ntr I in oil palm 

plantation as it gave more than 90% weevil survival as compared to cypermethrin and 

fipronil which are commonly used insecticides for controlling bunch moth T. mundella in 

the oil palm plantation. They can be recommended as alternative insecticide to be used 

in oil palm plantation because of very little hazardous effect on the oil palm pollinator 

weevil, E. kamerunicus and the environment. However, high dosage of each insecticide 

should be avoided as they can reduce the population of non-targeted insects like weevil 

E. kamerunicus.
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