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infestation level of O. rhinoceros and the effectiveness of control measures in
controlling this insect pest and to determine the interaction between the
percentage of palm damage and average rainfall distribution at selected oil
palm estate in Kelantan. All secondary data used were collected from April to
Insect pest; Palm September 2020 based on damage assessment evaluations on the palm in six
damage; Rainfall replanting blocks. The highest level of O. rhinoceros’ infestation occurred
distribution: Infestation flduring April and July 2020. However, these palm damage severities were

level; Tropical pests; successfully reduced from 5.41% to 2.12% by September 2020 through
Pest control control management follow-up after the pests' population was detected.
management. Meanwhile, the result showed a positive relationship between the interaction

of percentage palm damage and average rainfall distribution. Based on this
study, the results offer useful information on how to perform proper control
management for O. rhinoceros.
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1 Introduction
Each oil palm (Elaeis guineensis Jacq.) is recognized in the global market as the most

productive oilseed crops (Kushairi et al., 2019) that contribute almost 30 percent of the world's
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total edible oil production in 2017 and ranked as the top place amongst 16 other vegetable oils as
the world's most consumed oil. In 2020, Indonesia and Malaysia collectively generate palm oil of
about 63.40 metric ton, representing approximately 84% of production for palm oil worldwide. The
oil palm has become a major crop and commodity worldwide (Corley & Tinker, 2003; Shuit et al.,
2009; Lai et al., 2013). Despite these economic advantages, the palm oil industry might be affected
by some issues particularly climate change, labour shortage issues, limited agricultural land, and
pests and disease infestation (Low et al., 2016). In recent decades, economic loss due to pest attacks
has increased and it has become among the critically important aspects that need to be taken
immediately with proper practices because the disruption caused by the pest’s attack could affect
the oil palm productivity and yield (Dionisio et al., 2015; Oliveira et al., 2014).

A pest problem can become severe and could incur high input costs due to delays in
controlling the pest infestations. Some of Malaysia's oil palm's critical pests include rodents, large
mammals, and insects, particularly bagworms, nettle caterpillars, termites, bunch moths, and
rhinoceros beetle which have become problematic and source of major yield decline in most oil
palm plantations. Among those pests in Malaysia, Oryctes rhinoceros is one of the most destructive
pests that bring incessant to the palm crops (Nurulhidayah & Norman, 2016), especially in an area
of plantations which practice zero burning technique during replanting and have poor field hygiene
and sanitation condition. It is also among the longest present agricultural pests in Malaysia,
despite extensive efforts through effective control management strategies. In Malaysian
plantations, the average crop loss caused by rhinoceros beetles during the first year of harvesting is
estimated 40-92% (Manjeri et al., 2013).

Generally, most censuses have been conducted in Malaysia to collect crucial data on a
population of pests or to identify the severity of damage caused by the pest infestation in the field.
However, it is not fully established in all estate plantations because some farmers might consider
that the census activity is not essential and only wastes time and budget. Usually, an approach is
made when the attack is severe. Although insecticides' usage successfully controls pests, extensive
usage can consequently encourage pest resurgence that can lead to pest outbreaks (Chung et al.,
1993; Chenon & Pasaribu, 2005). Disruptive chemicals are broad-spectrum long residual contact
(BSLRC) pesticides to which a broad range of insect groups are susceptible. This could trigger a
disturbed ecological balance between pests, resulting in the development of pesticide resistance in
pests and causing persistence in the environment with the potential for degradation.

Early monitoring activity such as installing pheromone traps within the fields as an indicator
to assess the beetle population earlier before performing the preventive control measures is
essential rather than to cure the infected palm. Typically, the O. rhinoceros population tends to
increase parallel with months after felling and chipping. According to the study by Abidin et al.
(2014), the population levels of O. rhinoceros cannot be controlled through partial burning of
chipped trunks that resulted in failure which only pollutes the environment. Hence, this study aims

to evaluate the infestation level of O. rhinoceros and the effectiveness of control measures for
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controlling this insect pest and to determine the interaction between the percentage of palm

damage and average rainfall distribution at selected oil palm estate in Kelantan.

2 Literature Review

2.1 Elais guineensis (0Oil Palm)
Oil palm (Elaeis guineensis) is one of the major oleaginous plants and is considered as the

most effective oil-producing crop in the world (Murphy, 2014). This crop has been revealed to be
the 'golden crop' that can substantially improve economic and social growth (World Growth, 2011;
Pacheco et al., 2017; Nambiappan et al., 2018) while having a minimal effect on land use compared
to other oilseed crops (Anderson, 2008; Miller, 2015; D’Enghien, 2016). The world's leading
producers 8 of palm oil are Indonesia, Malaysia, Thailand, Colombia, and Nigeria (USDA, 2020). The
African oil palm (Elaeis guineensis Jacq.) species is the commercial planting material used in
Malaysia and Indonesia. As a perennial crop, oil palm stands tall against all other oilseed crops,
which can grow up to 20 m tall (Adam et al., 2005) and has a productive lifespan exceeding 20 years.
However, in the oil palm industry nowadays, this pest problem remains unresolved. A pest problem
can become severe and could incur high input costs due to delays in controlling the pest
infestations. Furthermore, the oil palm is a host for a large number of threats as oil palm is a
monocropping situation that is favourable and ideal place for a variety of pests such as insects,
vertebrates, and diseases based on the area it is planted (Sundram & Intan, 2017). The outbreaks of
key insect pests, such as the Oryctes rhinoceros, have greatly affected oil palm development's

sustainability throughout many tropical regions of the world, including Malaysia.

2.2 Oryctes rhinoceros
Oryctes rhinoceros is amongst Malaysia's longest existing agricultural pests and has

witnessed various phases of control and management strategies. O. rhinoceros is the only one that
has been recorded and presented in the Asian region as an oil palm pest (Wood, 1968). However,
the living species of rhinoceros beetles contain more than 39,960 species spread all over the world
but their greatest diversity reached the New World (Endrodi, 1985; Schoolmeesters, 2020). The
ecosystem in oil palm plantation is an ideal habitat for Oryctes rhinoceros to breed and develop,
especially in zero burning replanting fields which have abundance of decomposed trunks of the
former stand and at the accumulation of oil palms empty fruit bunches that are very attractive and
suitable for breeding sites of the O. rhinoceros (Pradipta et al., 2020; Norman & Basri, 1997; Abidin
et al., 2014; Salim & Hosang, 2013). Normally, the harmful outbreaks of O. rhinoceros frequently
develop in replanting areas (Zelazny et al., 1992; Chenon & Pasaribu, 2005; Salim & Hosang, 2013).
Decomposed oil palm trunks provide extensive O. rhinoceros breeding sites, and zero burning
regulations contribute to the rising of O. rhinoceros population (Purba & Sudharto, 2000; Abidin et
al., 2014).

The O. rhinoceros attacks on oil palm occur in both mature and immature areas (Norman &
Basri, 2004; Molet, 2013). However, the attack is more lethal to the young growing palm below four
years old than the mature palms (Rizuan et al., 2014; Wood, 1968). The adult O. rhinoceros will
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usually damage and destroy the growing portion of the palm, such as the developing fronds and
spears of oil palms, which lead to ragged appearances on the damaged part that mainly causes the
formation of wedged-shaped gaps or cuts leaves, holes in petioles, and snapped-off spears which
affects the yield of the palm (Samsudin et al., 1993; Dionisio et al., 2015; Oliveira et al., 2014). The
first step highly recommended among the control and management techniques of this pest is
emphasizing crop residue management and ground cover management at the replanting area by
properly managing the field sanitation which includes removing or destroying organic material that
promotes larval growth as it helps to control the O. rhinoceros’ population; thus, avoiding sudden
population outbursts. A hygienic plantation ground can be achieved by clearing rotting logs,
stumps, dead palms, and waste piles that may serve as breeding grounds (Gressit, 1953; Wood,
1968; Schmaedick, 2005). Meanwhile, managing ground cover through the planting of legume cover
crop (LCC) could act as a vegetative barrier that contributes to concealing the material from the O.
rhinoceros as a potential breeding site. It also hinders O. rhinoceros attack from locating young
palms (Wood, 1968). Once cover crops exceed over 70 cm in height, the O. rhinoceros is not present.
In Malaysia, the widely cultivated cover crops include Centrosema pubescens and Pueraria javanica
(Norman et al., 2005). However, O. rhinoceros can still take advantage of this material as a breeding
site that may shelter abundant immature stages (Norman et al., 2005). Despite that, most of the
farmers use broad-spectrum insecticides due to the presence of different insect species in oil palm
plantations. Furthermore, the price is lower, easily accessible, low cost to operate, and produces
fast result which could suppress the presence of pest population within a short time, thus making
these insecticides the primary choice among farmers (Norman, 1994; Kuntom et al., 2007). A study
conducted by Salim et al. (2015) indicated that the most rapid result could be observed 30 days after
a single chemical insecticide is implemented. Consequently, the O. rhinoceros larval population fell
below the economic threshold level (ETL). Chemical control has become the primary control
mechanism in managing O. rhinoceros’ outbreaks in most plantations in Malaysia. Although
insecticides' usage successfully controls pests, extensive usage can consequently encourage pest

resurgence that can lead to pest outbreaks.

3 Method

3.1 Sampling and Data Collection
The oil palm trees in the plantation were planted in 2002. However, during the sampling, the

oil palm trees that underwent the census activity were newly planted and mostly under 4 years old
that would be considered as immature oil palm trees. All the secondary data were taken from the
estate to access the status of palms infested by Oryctes rhinoceros. Damage assessment evaluations
were done through visual estimation on damaged palm fronds and spears. The data were monthly
collected from April to September 2020. The data recorded were then used to reflect the severity of
damage caused by the O. rhinoceros. The census was generated and recorded by the oil palm

plantation management through systematic sampling conducted in six replanting blocks (PR18A,
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PR18B, PR18C, PR19A, PR19B, PR19C) and the selected area was newly planted which was
susceptible to pest attack. This plot will determine the percentage of damage caused by O.
rhinoceros based on the different age of palms in the field. The age of the palm is identified based
on the block name. Besides, the rainfall data were also taken from the rain gauge of the estate

placed in an open area.

3.2 Data Analysis

Based on the data obtained from the estate, all qualitative analysis was carried out in this
study using the statistical analysis software of MINITAB, version 19.1 (Minitab Inc.). The mean
data collected based on census number were carried out using a paired t-test to determine the
improvement result between census numbers. The percentage of palm damage and average rainfall
distribution was then used to determine the interaction between both factors. The interpretation of
relationship strength is based on the Pearson correlation coefficient (r).

4 Result and Discussion

Out of six censuses implemented during damage assessment, it was found that the highest
mean number was detected in block PR19A (mean: 5.78), while the lowest mean number was
detected in block PR18A (mean: 1.78) and PR18B (mean: 1.78), as presented in Table 1. Based on
the observation in this study, it was noted that majority of the infested palm damage was less than
two years old which was still under development stage. Therefore, the result suggests that adults O.
rhinoceros prefer to infest more on younger palms in the field than those older ones since they are
more susceptible to their attack. According to the previous report by Wood (1968), replant palms
with less than one year of age are often killed by O. rhinoceros’ attack. Chung et al. (1999) estimated
that losses due to the infestation of O. rhinoceros on 21-month-old palm had lowered the
production of fresh fruit bunches (FFB) to almost 80% in the first year after the attack. This
statement agrees with Cik Mohd Rizuan et al. (2014) who stated that the attack is usually broader

and more lethal to most young growing palm that ranges less than four years old.

Table 1: Percentage of palm damage caused by Oryctes rhinoceros in selected block

Block | PRISBA | PR18B | PRI18C
| Mean | SD | Mean | SD | Mean | SD

%Palm damage | 1.78 | 2.01 | 1.78 | 2.01 | 3.11 | 1.62

Block | PRI9A | PRI9B | PRIOC
| Mean | SD | Mean| SD | Mean | SD

%Palm damage | 5.78 | 1.82 | 2.89 | 1.97 | 500 | 2.76

Based on the analysed result, the first census mean conducted in April was compared to the
final census mean conducted in September 2020. Each census was subjected to a paired t-test to
determine significant differences between these two variables at a 5% level of significance. The
mean of the final census was significantly lower (P-value = 0.02) than the first census conducted
(Table 2). This finding showed that the pests’ population, particularly O. rhinoceros, could be
reduced through control management follow-up after it was detected by conduction census activity
http://TuEngr.com Page | 5



as many previous studies had been reported. Samsudin et al. (1993) stated that if no control
measure is undertaken, severely attacked palms might suffer high crop loss of up to 25% per year.
Therefore, inspection activity that follows up the upkeeping is crucial to maintain the palm is in
good condition from being affected by pests' outbreaks. Examples of control measures previously
done include the usage of chemical insecticides, planting cover crops, destruction of the breeding
site, and the use of biocontrol agents such as the entomopathogenic fungus, Metarhizium
anisopliae, and Oryctes nudivirus (OrNV) (Ramle et al., 2007; Bedford, 2014).

Table 2: Paired T-test of severity palm damage and census in selected estates

| Paired Differences | T-Value df P-Value
‘ Mean ’ SD ‘ SE Mean ‘
Difference | -3.00 | 259 | 106 | -284 | 5 | 002

Note: ** Significant level at P <0.05
SE Mean - standard error mean, df - degree of freedom.

The correlation coefficient result showed an upward slope on a scatterplot which indicated a
positive linear relationship between the monthly census of the percentage of palm damage with the
average rainfall distribution (mm) in Lepan Kabu estate (Figure 1). The positive correlation (r =
0.94) indicated that when average rainfall distribution (mm) increases, the percentage of palm
damage also tends to increase. The second and third stages of O. rhinoceros larvae prefer the moist
environment of the rotting trunks (Wood, 1968). Therefore, the presence of these early instars
should prove that during the wet season, breeding activities are prevalent (Norman et al., 2001). A
previous laboratory study showed that to obtain the satisfactory development of O. rhinoceros, over
77% of the moisture content of 36°C is required (Norman et al., 2001). Previous observation by
Catley (1969) stated that low moisture content level might be harmful to O. rhinoceros’ larvae.
Additionally, according to Catley (1969), O. rhinoceros’ activity and growth development rate are
very much influenced by temperature. For example, under a dry environment or poor nutritional
condition, O. rhinoceros’ larval growth and development are frequently disrupted, resulting in
smaller-sized adults. As reported by Williams (1961), and Williams and Osman (1960), for a large
group of insect taxonomic groups, the insect activity increased with the increase of temperature,
from 18°C to the optimum temperature of 29°C. Favourable conditions for O. rhinoceros’ larval
development are temperature between 27-29°C and RH between 85-95% (Bedford, 1980).
Meanwhile, temperature exceeding the optimum threshold resulted in the decline of insect activity.
Similarly, less activity was detected at temperatures below the minimum threshold. The breeding of

O. rhinoceros was directly affected by rainfall conditions of the area.
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Figure 1: Relationship between the percentages of palm damage with average rainfall distribution.

5 Conclusion
The palm damage severities were successfully reduced from 5.41% to 2.12% by September

2020 through control management follow-up after the pests' population was detected. The pest
attack incidents will keep on increasing if mitigation and control measures are not implemented.
Therefore, a field census activity is crucial to determine the pest density in the field. Additionally,
through field census, it would soundly inform the management if a control measure should be
taken simultaneously to cut the cost since pest management is usually costly. Meanwhile, the
interaction between the percentage of palm damage and average rainfall distribution shows a
strong positive relationship, which means that both factors are closely related. It is suggested that
field inspection should be done periodically to monitor the O. rhinoceros’ population in the oil palm
field and to ensure that this pest is under controlled condition. In addition, knowledge of O.
rhinoceros’ incidence in the oil palm field is of great importance to conduct proper control and
management activity.

6 Availability of Data and Material

Data can be made available by contacting the corresponding author.
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