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 The field trial was conducted to evaluate the efficacy of trunk injection technique of 
two types of systemic insecticides, methamidophos and monocrotophos to control 
bagworm, Metisa plana in oil palm. The results showed that trunk injection technique 
by using systemic insecticides, methamidophos and monocrotophos to be effective for 
controlling M. plana. Both insecticides eradicated the populations of M. plana by a 
single round application in the study areas. The study also indicated no significant 
difference (P<0.05) between the effectiveness of methamidophos and monocrotophos.  
The results showed that M. plana was susceptible to insecticides with no development 
of resistance in this pest against these insecticides although they have been used in the 
field for a long time. The methods provided long term control of bagworms population 
when applied in early instars due to total elimination by the treatments. In term of 
productivity, this technique is recommended for controlling of bagworm, M. plana in 
moderate scale infestation about 200 – 300 ha of mature oil palm in all terrain types. 
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INTRODUCTION 

 
In Malaysia, the trunk injection technique was first developed on the coconuts for controlling a leaf eating 

caterpillar Arthona catoxantha [9]. According to Sivapragasam & Loke [13] and Gumbek [6], trunk injection 
using monocrotophos was effective for controlling coconut leaf beetle in coconut plantation in Malaysia. 
Besides its effectiveness, this technique was highly economical and safe to the applicators and causes minimal 
environmental impact. Today, the trunk injection technique is common practiced for controlling oil palm pests 
especially the bagworms and nettle caterpillars in mature oil palm plantations [16,5,1,2,17]. Two types of 
systemic insecticides, methamidophos and monocrotophos were effective and suitable for bagworms control. 
Both of these active ingredients have been used in Malaysian oil palm plantations to control bagworms since 
mid 1970’s [16] However, recently poor control of Metisa plana was reported after practising the technique of 
methamidophos and monocrotophos over approximately 25 years possibly due to development of resistance 
against both insecticides. Thus, this research was conducted to determine the efficacy of various products of 
methamidophos and monocrotophos applied via trunk injection technique. The cost of control and the efficiency 
of the technique were calculated. Subsequently, the advantages and disadvantages of this technique were sorted 

 
MATERIALS AND METHODS  

 
The study was carried out in 15 year old palm in FELDA Besout 06, Sungkai Perak. Two products of 

methamidophos and three products of monocrotophos commonly used in trunk injection technique were used in 
this study. Insecticide, a.i and dosages used in the treatments are shown in Table 1.0. The dosages of insecticides 
followed those of manufacturer’s recommendation for each product. Control plot was not treated with any of the 
insecticide. Since the bagworm infestation was not uniformly, the field was divided into 4 blocks based on the 
severity of attack. Hence, this trial was laid out in a Randomized Complete Block Design (RCBD). Each block 
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consisted of 187 palms (11 x 17) included one row of palms as guard row in between of each treatment plot. 
There were 6 treatments in each block and they were replicated 4 times based on 4 blocks that were selected in 
the field.  

A pre-treatment count census of the pest population was carried out before treatments were applied. Mainly 
to determine the number of M. plana population before treatment and the most appropriate timing to apply the 
treatments.  At every census program, three palms were selected randomly from the recording palms in each 
treatment plot. One middle frond of selected palms was cut and the number of live larvae, pupae and adult of M. 
plana on the leaves were counted and recorded.  The post - treatment census on the population of M. plana were 
carried out on 3, 7 11 and 30 days after treatment. The data collected were subjected to analyses using the SPSS 
(Window version 11.5) software. Comparative efficacies of various insecticides were anylysed using the 
ANOVA at P= 0.05. Significant F values were subsequently analysed using the Tukey test to separate the 
treatment mean.  

 
Table 1.0: The treatments and dosage of trunk injection trial in FELDA Besout 06 

 
Code 

 
Treatment  

 
Dosage* / palm 

 
T1 

 
Methamidophos 55%  (Product 1) 

 
10 ml or 5 g ai 

 
T2 

 
Methamidophos 60% (Product 2) 

10 ml or 5 g ai 

 
T3 

 
Monocrotophos 55%(Product 1) 

10 ml or 6 g ai 

 
T4 

 
Monocrotophos 60% (Product 2) 

10 ml or 6 g ai 

 
T5 

 
Monocrotophos 65%(Product 3) 

10 ml or 6 g ai 

 
T6 

 
Control 

Nil 

* Dose recommended by manufacturers 
 
The motorized gasoline powered drill was used to make the hole at the base of the palm. The hole size was 

standardized at 1.5 cm in diameter and 15 cm deep to ensure all the insecticides could be fully injected into the 
stem. The insecticides were introduced into the hole using a plastic syringe containing 10 ml solution or 5 g/ai 
per palm for methamidophos and 6 g/ai per palm for monocrotophos formulations, all holes were plugged with 
plastecine to prevent outflow of the insecticides. These procedures were carried out by two workers. The first 
person drilled the hole in the trunk while another worker injected the chemical into the hole and closed it. The 
time consumed by these operators was recorded to estimate the productivity of the workers and the technique.  

 
RESULTS AND DISCUSSION 

 
Efficacy of treatments: 

Trunk injection is the most effective and reliable application technique of systemic insecticides to date in 
controlling bagworms on mature of oil palm [1]. The credibility of the technique is further substantiated with the 
findings of this study. The results of study as presented in Table 2.0 shows that both methamidophos and 
monocrotophos products were very effective in reducing the population of bagworms. Statistically, the mean 
number of M. plana from each treatment was significantly different at different assessment days (F = 7.15, 
P<0.05). 

 
Table  2.0: Efficacy of methamidophos and monocrotophos administered through trunk injection on the larval population of M. plana 

 
Treatment 

 
Mean population of M. plana over day after treatment (DAT) ± s.e 
 
Pre - census 

 
3 DAT 

 
7 DAT 

 
11 DAT 

 
30 DAT 

Methamidophos 
(Product 1) 

 
109.1 ± 3.3 a 2.6 ± 1.9 a 

(97.55%) 

 
0.3 a ± 0.5 a 
(99.69%) 

0.0 ± 0.0 a 
(100 %) 

0.0 ±0.0 a 
(100%) 

 
Methamidophos 
(Product 2) 

205.2 ± 8.5 a 
 

9.5 ± 1.3 a 
(93.22%) 

0.4 ± 0.3 a 
(99.79%) 

0.0 ± 0.0 a 
(100%) 

0.0 ± 0.0 a 
(100%) 

 
Monocrotophos 
(Product 1) 

141.3 ± 2.6 a 
 

11.8 ± 1.1 a 
(94.04%) 

0.5 ± 0.4 a 
(99.58%) 

2.1 0.9 ± a 
(98.52%) 

 
0.0 ± 0.0 a 
(100%) 

 
Monocrotophos 
(Product 2) 

198.5 ± 6.5 a 
 

7.1 ± 1.1 a 
(96.43%) 

3.5 ± 1.0 a 
(98.19%) 

1.0 ± 0.9 a 
(99.33%) 

0.00 ± 0.0 a 
(100%) 

  7.1 ± 1.7 a 6.8 ± 0.4 a 0.8 ±0.4 a 0.0 ± 0.0 a 
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Monocrotophos 
(Product 3) 

124.6 ± 2.9 a 
 

(94.63%) (94.51%) (99.49%) (100%) 

 
Untreated 

 
133.6 ± 4.3 a 
 

194.0 ±6.6 b 
(+ 45.13) 

315.5 ±3.2 b 
(+136.09) 

415.0 ± 11.5 b 
(+210.46%) 

50.3 ± 3.8 b 
(62.30%) 

F value 
P Value 

0.36 
0.86 

8.77 
0.00 

79.1 
0.00 

48.5 
0.00 

3862.6 
0.00 

Means in columns with same letters are not significantly different (P>0.05) by Tukey’s test after arcsinh transformation 
 DAT = Days after treatment 
Numbers in bracket are % of reduction of M. plana population after treatment 

 
All tested insecticides killed the bagworms as early as 3 DAT. At this time, the M. plana population had 

reduced by 94% to 97% in all treatment plots. However, the pest population in the control plot increased by 
45%. The increasing of pest population in the control plot presumably related to migration of bagworm larvae 
through ‘ballooning’ process from neighbouring untreated palm. ‘Ballooning’ is the process of migration by 
larval that suspended from silken thread and be wind dispersed [11] to the new areas. All treatments were highly 
and equally effective thus no significant difference was detected among them. Furthermore, substantial amount 
of mortality continuously observed a week after the treatments up to 30 DAT whereby all populations were 
eliminated. Although no significance difference was detected among all treatments, methamidophos (Product 1) 
exhibited the best performance. 

The M. plana population in T1 (product 1) decreased to below than the ETL (5 larvae per frond) since the 
beginning of post census at 3 DAT.  In all other treatments the population of the pests fell below the ETL at 7 
DAT.   In the untreated plot, the bagworm increased tremendously up to 14 DAT.  However at 30 DAT, the 
population has declining by 37.79% of the total population at the beginning of study. The reduction of M. plana 
population in control plot was primary contributed by mortality of the pest due to abiotic and biotic factors such 
as weather condition, natural enemies, intraspecies competition and migration that were presumed to naturally 
suppress the bagworms population in the field. Ho [4] reported very high efficacy of trunk injection using 
methamidophos against early instars of M. plana whereby elimination of the population was achieved. However, 
treatment of pests at late instars has shown little larval mortality owing to time taken for the insecticides to build 
up in the fronds. Furthermore, during the advance stages (5th and 6th instars) the larvae molted to pupae quickly 
and stopped feeding. Hence, the efficacy of the trunk injection technique in controlling bagworm is dependent 
heavily on drastic reduction of early instar larvae. In this study, the palm was injected with the insecticides just 
after hatching of bagworm eggs. Therefore, very effective treatments were obtained. 

This study also indicated that methamidophos and monocrotophos were equally good. There was no 
difference in the reduction of pest detected (F=4.267, P>.05). It was clearly showed that M. plana was 
susceptible to both active ingredients as reported by  Hutauruk & Sipayung [5] and Wood et al. [16] although 
these have been used over a along period of time. In another study, methamidophos was also effective against 
Asian long-horned beetle, Anoplophora glabripennis in China [15], India Mutuhuraman (1984) found that an 
application of 10 ml of monocrotophos per plant resulted in 100% recovery of Rhynchoporus infested coconut 
trees. In this study, that application of methamidophos and monocrotophos by trunk injection technique 
controlled bagworms effectively. Both active ingredients used at manufacturer’s recommended rates displayed 
high efficacy in reducing bagworm population below the ETL 

 
Operational productivity and cost estimation: 

The time taken by operators to apply insecticides via trunk injection technique (drilling and insecticide 
application) and cost of operation (chemicals and labour) were evaluated to determine the level of productivity 
of this technique. The mean time spent by two workers to drill a hole and to apply the insecticide was 1.30 ± 
0.15 minutes per palm (Table 5.2). Therefore, the two workers were able to treat approximately 369 palms or 
about 3 ha per man day. Using the same worker of similar number this technique was three times more 
productive than the ground spraying technique. In his survey on 49 plantations Basri et al. [1] found that the 
productivity of workers in the trunk injection technique in most plantations was in the range of 100 to 300 palms 
per man-day. The efficacy of drilling equipment affects the productivity markedly. An adapted chain-saw drill 
could increase up to 600 palms per man. Using this drill Chung [3] predicted that one team of two worker could 
treat 300 – 500 palms per day.  When five workers were equipped with a mini tractor, a generator and two 
electric drills they could treat 2000 -2500 per palms per day. However, the procedure was only suitable in flat 
terrain areas that were accessible by tractors [14,3]. In general the productivity of the technique was very much 
dependent on the equipments used and the skill of the workers.  

The cost of the trunk injection technique was evaluated and displayed in Table 5.3. In this study, the cost of 
operation per ha of oil palm plantation was estimated at RM 95.00 per hectares or 0.69 cents per palm. Chung 
[3] estimated the cost of operation of trunk injection technique by using adapted chainsaw drill equipment 
amounted to similar amount of RM 95.00 per hectare or RM 0.69 per palm. When more advanced drill was used 
the cost could be reduced to RM 45.62 per hectare or RM 0.33 per palm [12]. In his study of 49 plantation in 



132                                                                      Hasber Salim et al, 2015 
Advances in Environmental Biology, 9(27) December 2015, Pages: 129-133 

 

peninsular Malaysia Basri et al. [1] found that the operation cost of trunk injection technique using 
methamidophos and monocrotophos ranged from  RM 0.22 to RM 0.70 per palm.  

 
Table 5.2: Operational productivity of trunk injection technique 

 
 
Times consumed for application of chemicals 

 
Sites 
(Replicate) T1 T2 T3 T4 T5 T6 
 
R1 1.30 1.27 1.00 1.57 1.17 1.27 
 
R2 1.30 1.50 0.77 1.47 2.23 1.67 
 
R3 1.10 1.77 1.27 0.97 1.17 0.73 
 
R4 1.40 1.23 0.97 1.53 1.20 1.33 
 
Mean ± s.d 1.28 ± 0.11 1.44  ±0.21 1.00  ±0.18 1.38  ±0.24 1.44  ±0.46 1.25  ± 0.33 
 
Total ± s.d 1.30 ± 0.15 
Productivity/ 
man-day 369 palm per day 

 
Table 5.3: Cost estimation of palm treatment using trunk injection technique 

No Particular Amount / ha 
 
Cost / unit (RM) 

 
Cost / ha 

1 
 
Chemicals 

 
1.36 Litre 

 
30.00/L 

 
RM 40.80 

2 
 
Man-day cost 

 
2 workers 

 
0.30/palm 

 
RM 40.80 

3 
 
Consumable cost 

- -  
RM 13.40 

 
Total Cost / ha 

 
RM 95.00 

 
Several advantages of insecticides application using the trunk injection technique were identified by Khoo 

et al. [7]. Most importantly, this technique has little or no effect on natural enemies, parasitoids and predators.  
The methamidophos and monocrotophos provided very satisfactory control because they were highly selective 
against pests and very safe to natural enemies. Hence longer control was achieved. Trunk injection technique is 
very suitable to control pests of palms in various areas such as flat land, hilly areas and swamps. It is also non 
dependent on whether condition such as raining day.  However, this technique has its limitation. It is not suitable 
for palm younger than six year old because the stem is not long enough for exposure drilling of holes. This 
technique was rather labour intensive and implementation of the technique would result in permanent injury to 
the palms which subsequently affected the yield performances. Only mature palms of more than 5 year could be 
treated using this technique.  

 
Conclusion: 

The study showed that M. plana was susceptible to metahmidophos and monocrotophos these insecticides 
although these insecticides have been used in the field for a long period time in FELDA Besout 06 since 1980’s. 
Methamidophos and monocrotophos were equally potent against M. plana implicating its susceptibility to the 
insecticides. The incidence of resistance has not been detected although they have been used in the field for a 
long time. Hence the poor control of both chemicals via trunk injection that reported by estates was definitely 
contributed by failure of insecticides translocated to the foliage due to several factors of technical problem. 
First, some estates had noticed do not practice the right procedure of trunk injection technique. Second, estates 
also carried out their control program in wrong timing, their conduct the trunk injection treatment whist the 
bagworm in dormant of pupae and adult stages and subsequently resulting ineffective treatment of M. plana. 
This technique recommended for controlling of bagworm, M. plana in moderate scale infestation about 200 – 
300 ha of mature oil palm in all terrain types.  However, the implementation of this technique up to 6 times are 
not recommended because it could result in permanent injury to the stem of trees and subsequently affect the 
yield of palms. 
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