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Abstract — The African oil palm Elaeis guineensis Jacquin has a commercial life span between
20-30 years after which replanting is advised. Although a sound agronomic decision, planted seedlings are
at risk of potential attack and damage by adult Oryctes. While it is known that adult population — in infested
re-planted palm plantation — increases with time, specific information on their population trend is limited.
Hence the population of the adult Oryctes monoceros pest in 3 years of replanting (YOR) — 2018, 2020, and
2022 — in Ubima Oil Palm Plantation, Rivers State, Nigeria, was monitored, for at least twenty-seven
months, after the planting end month (PEM). Results showed progressive increase in adult population that
peaked between 24 to 26 months, then began to decline. The small standard error of the mean (SEM)
obtained, showed the sample mean as a precise estimate of the population mean. The one-way analysis of
variance (ANOVA) showed a highly statistical significance across the study months. Similarly, the nested
ANOVA showed that variation in O. monoceros population was statistically significant across all tested
variables between the three YOR. The study showed that the developmental continuity of O. monoceros is
dependent on the trunk and its speed of decay. Furthermore, a second replanting phase will reach peak
population faster and will surfer more damage than a first replanting phase. This study provides plantation
owners and managers with information on how long the challenge of O. monoceros will likely last, as well as
how best to plan replanting activities across multiple years.

Keywords: Oil palm / replanting cycle / Oryctes monoceros / temporal patterns

Résumé — Le palmier a huile d'origine africaine Elaeis guineensis Jacquin a une durée de vie économique
de 20 a 30 ans, durée a partir de laquelle il est recommandé de le replanter. Bien qu’il s’agisse d’une décision
agronomique, la replantation des jeunes plants est exposée aux attaques d’Oryctes et aux dégats associés
provoqués par les imagos. Il est établi que les populations d’Oryctes augmentent avec le temps dans le cas de
replantation de palmiers dans une zone déja infestée mais il existe peu d’informations sur la dynamique de
ces populations apres replantation. Les populations d’imagos d’O. monoceros ont été échantillonnées
pendant au moins 27 mois dés le mois de fin de plantation (MFP) dans trois replantations de palmier a huile
(années de replantation (ADR): 2018, 2020 et 2022) sur la plantation d’Ubima dans 1’Etat de Rivers au
Nigéria. Les résultats montrent une augmentation progressive de la population d’imagos qui atteint un pic
entre 24 et 26 mois avant de diminuer. La faible erreur standard de la moyenne (ESM) montre que la
moyenne de 1’échantillon est une estimation précise de la moyenne de la population. L’analyse de variance
unidimensionnelle (ANOVA) montre une significativité statistique élevée pendant la période d’étude.
Egalement, ’ANOVA imbriquée montre que la variation de la population d’O. monoceros est
statistiquement significative pour toutes les variables testées entre les trois ADR. L’étude montre que le
développement continu d’Oryctes dépend de la vitesse de décomposition du stipe. De plus, une deuxiéme
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phase de replantation aura pour conséquence d’atteindre un pic de population plus rapidement que lors d’une
premiére phase de replantation, avec des dégats importants. Cette étude fournit des informations aux
propriétaires et gestionnaires de plantation quant au probléme posé par O. monoceros en conditions
de replantation et sur la meilleure stratégie de replantation a adopter sur plusieurs années.

Mots-clés : Palmier a huile / cycle de replantation / Oryctes monoceros /| patrons temporels

Highlights

o Oryctes monoceros shows distinct temporal pattern
in replanting conditions.

e Development and buildup of O. monoceros depends
on trunk decay.

e A second replanting reaches peak populations
fasters than a first replanting.

o Oryctes monoceros reaches peak population 24-26
months after planting ends.

1. Introduction

The African oil palm Elaeis guineensis Jacquin is typically a
large perennial tree crop that may reach a height of 20 meters
(Ripinand Latip,2021). Ithas a productive, commercial life span
ofbetween 20-30 years (Isamail and Mamat, 2002; Syahza et al.,
2018; Ashton-Butt ef al., 2019; Abubakar et al., 2023), after
which harvesting becomes increasingly difficult, yield slowly
declines (Corley and Tinker, 2016; Ashton-Butt et al., 2019),
thereby making it economically untenable (Hormazaetal.,2012;
Abubakareral.,2023). A sound agronomic decision involves the
felling of the palm trees, and the replanting with high-quality
seedlings (Syahza et al., 2018; Ishak et al., 2020; Sembiring
et al., 2021; Abubakar et al., 2023).

Replanting activities, though encouraged in old planta-
tions, comes with risk (Syahza et al., 2018, Pradipta et al.,
2020) of the potential attack and damage of planted seedlings
by adult Oryctes (Giblin-Davis, 2001; Hisham et al., 2013).
Two species — Oryctes monoceros (Olivier) (Coleoptera:
Scarabaeidae: Dynastinae), which is distributed throughout
Africa, and Oryctes rhinoceros (Linnaeus) (Coleoptera:
Scarabaeidae: Dynastinae) which is predominant in Southern
and Southeast Asia (Giblin-Davis, 2001; Philippe and Dery,
2004; EPPO, 2021; Aidoo et al., 2022a, 2022b) and the
western Pacific Island (Giblin-Davis, 2001) — are the most
economically important and constitute the greatest threat to the
palm industry (Manjeri et al., 2014; Aidoo et al., 2022a). For
example, O. monoceros have been implicated as causing up to
40% damage to coconut and other palms in tropical Africa
(Allou et al., 2006). In Nigeria, it has been documented as a
major pest of palms (Agwu, 1983, Aisagbonhi, 1989,
Aisagbonhi, 1994). Serious damage to oil palm plantation
in Malaysia due to O. rhinoceros have been well documented.
The potential of the pest to cause more than 15% reduction in
canopy size (Samsudin et al., 1993), and the resultant effect on
reduced photosynthetic activity, delayed plant maturity,
reduced bunch size, have been estimated to cause approxi-
mately 25% crop loss (Liau and Ahmad, 1991). In severe
cases, crop loss could reach between 40% to 92% during the

first year of harvesting (Chung et al., 1999; Manjeri et al.,
2014).

Oryctes monoceros and O. rhinoceros are holometabolous
insects — undergoes complete metamorphosis (Aidoo et al.,
2022a) — with morphological and biological similarities (Allou
et al, 2006). The adults deposit whitish-brown eggs
(Giblin-Davis, 2001) into rotten logs, compost and/or decaying
vegetation and subsequently hatch into the larval stage after
about 12—14-days (Mariau et al., 1981; Giblin-Davis, 2001).
The larvae develop in decaying matter and navigate through
three instar stages for a period of about 3 to 4 months (Mariau
et al., 1981; Giblin-Davis, 2001) depending on prevailing
conditions. During development, the larvae basically act as
decomposers and could be considered as beneficial (Giblin-
Davis, 2001). The third instar larvae go through an 8—13-days
prepupal stage before pupating. The pupae last for between 17—
30 days, after which it emerges as adults (Mariau et al., 1981;
Giblin-Davis, 2001). The entire life cycle can last from 4 to
9 months, allowing more than one generation per year (Giblin-
Davis, 2001). While it is the larval stage that cause damage in
most holometabolous insect pest of economic plants, it is the
adult — specifically the young adult — that cause economic
damage in O. monoceros (Giblin-Davis, 2001; Pradipta et al.,
2020). Their feeding activity — in addition to creating entry for
lethal diseases (Gries and Gries, 1994) and other secondary pest
(Gries and Gries, 1994; Syahza et al, 2018) such as
Rhynchophorus phoenicis (Manjeri et al., 2014) — can retard
the development or even cause the death of the young palms
(Turner, 1981; Mariau, 2000; Aidoo et al., 2022a).

Few studies have been conducted on the population pattern
of rhinoceros beetles. For example, Norman and Mohd Basri
(2004) reported that the population of O. rhinoceros fluctuated
with time in a replanted area, while Ripin and Latip (2021),
noted that O. rhinoceros population tends to increase as the
months go by after palm-felling. Mariau ez al. (1981) revealed
that the attack, threatening the life of young palms by
O. monoceros becomes less severe after the second year.
However, specific study on the temporal pattern of adult
Oryctes addressing the onset of occurrence, length of time it
takes for adult O. monoceros to naturally reach peak
population, and by implication peak activity, and from where
the population begins to decline, in a replanted oil palm
plantation have not been addressed. Although Hisham et al.
(2013), showed the period when critical damage occurs in new
planting, the study was on O. rhinoceros. Cik Mohd Rizuan
(2014) equally studied the population dynamics of
O. rhinoceros but in decomposing oil palm trunks in area
practicing zero burning and partial burning.

This study monitored the population of the adult
O. monoceros in three Years of Replanting (YOR) exercises
— 2018, 2020, and 2022, — in Ubima Estate of Siat Nigeria
Limited (SNL), Rivers State Nigeria. The aim was to
determine how long after the planting end month (PEM)
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Fig. 1. Map of Ubima Estate, showing the three years of replanting.
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O. monoceros adult population: i) begins to express its
presence and carry out its activities in the field, and ii) reaches
“natural” peak population and begins to decline. With these
plantation owners and managers are provided with valuable
information to aid successful replanting exercise.

2. Materials and methods
2.1. Study site

Ubima Estate (Fig. 1) is a 9860.4 hectare (ha), third-
generation oil palm plantation that was established in 1955
(SIAT NIGERIA LTD, 2025). It is located at Ubima town in
Ikwere Local Government Area of Rivers State Nigeria with
geolocation between longitude 5°10°20.79“N, and latitude 6°
55’14.59“E. Ubima oil palm plantation is situated in the heart
of the tropical rainforest belt of the Niger Delta. The soils are
generally gravel free with dominantly sandy to sandy-loam
texture, and a pH range of 2.40-4.50.

Rainfall typical follows the bimodal pattern obtainable in
the equatorial climate zones. This is characterised by a major
rainy season from March that peaks between June/July and
minor rainy season from September to October/November,
interspaced with two weeks break in August. The two seasons
alternates with dry spells that lasts for about three to four
months. Rainfall could reach 3227 mm per annum. Tempera-
ture is almost uniform with little variation throughout the year.
Relative humidity is usually high with a mean range of 75%.

2.2. Plot division of study site

The entire plantation was divided into standard plot size of
24.8 ha. The palms were planted in an equilateral triangular
pattern at 9x9 metres spacing and 143 palms stands per hectare.

2.3. Information on replanting cycle

Before replanting commenced in 2018, palms within the
plantation ranged from 25 to 30 yr of age. Hence, the third-
generation replanting cycle (RC) in Ubima estate commenced in
June and ended in August 2018, with total of 899 hectares (ha)
replanted. The 2018 replanting was followed by another
replanting exercise in 2020, where a total of 1,079 ha was
replanted. The replanting exercise commenced in April and ended
in July 2020. The 2022 replanting covered 1,850.15 ha. This
exercise equally commenced in April and ended in July 2022.

3. Data collection

Data on the population of the adult O. monoceros was
collected through the already established planation Early
Warning System (EWS). This process involved: the threshold
specification for decision making, the manual collection of
adults and (chemical) control activity.

3.1. Threshold specification for decision making

The breakage of at most four of the youngest eight fronds
within the first rank of the oil palm phyllotaxis, in not more
than 10% of palms within a plot was used as cue to initiate both

manual collection of adult and chemical control. Chemical
control was implemented when the threshold value obtained
from the manual collection of the adults reached or exceeded a
lower limit of 5 and an upper limit of 10 adults per ha.

3.2. Manual collection of adult

Data on the temporal pattern for O. monoceros adult in
the three YOR were obtained from a form of adult control
census. This was executed using a device-assisted manual
hand-picking method. A 30 cm long metal rod with the tip,
angled at 45° degrees (Philippe and Dery, 2004; Aidoo ef al.,
2022b) was used to remove the adults from within the spear
where they typically cause damage. All palms within all
infested plot in each YOR were observed. Both live and dead
adult beetles within the spear and the surroundings of
infested palms were removed and recorded. Manual
collection of the adult was done either before, or after
chemical application.

The data collection process was standardised in “Rounds”;
a Round being interpreted as the time it takes to monitor all
plots within YOR, after which monitoring returns to the
starting plot. The adult control census was on a bi-weekly
round schedule, with each plot subjected to two rounds of
manual collection of the adult Oryctes to reduce collection bias
and improve detection efficiency.

3.3. Control activities

Chemical control was implemented in cases where
damage was severe, and threshold level was exceeded.
Cypermethrin (C,,H19C,NO3) 10% EC, a synthetic pyre-
throid insecticide was applied at 0.03% concentration; on a
fortnightly schedule (Ismail et al., 2023). Although on a bi-
weekly schedule, subsequent chemical application in an
infested plot was informed from the result gotten from a
previous adult control census. Application of the chemical on
the centre spear was by a 16 Liter knapsack sprayer at an
average of 60ml per 1.15 ha.

4. Data entry/analysis

All data were entered into Excel spreadsheet and analysed
using “R” version 4.4.0 (R Core Team, 2024). The average adult
index (mean value) per ha, per month across all plots, per YOR
was calculated by summing the total number of adult beetles
collected from all infested plots within a YOR and dividing by
the total number of hectares monitored; this is expressed below:

Tt.A
A= e

where “AAI”, is the average adult index per ha, “Tt.A4”, is the
total adult per plot “7t.ha”, is the hectarage per plot and

Z Tt.A

Tt.ha’

- is the sum of all adults per plot and the sum of each plot size
(ha) as an average.
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Fig. 2. Activity pattern of Oryctes monoceros in the 2018 YOR.

The standard error of the mean (SEM) was calculated to
estimate the variability around the mean using the formular:

sEm =52 :

Jn
where “SD” is the standard deviation and “n” is the number of
observations.

These values were used to plot a basic line graph of the
pest’s population trend over time, with the aid of the R package
“ggplor”. Each point represents the monthly average adult
population of all plots within a particular YOR. Threshold
lines were included to compare the adjusted threshold adopted
in this study and the recommended threshold value by Mariau
et al. (1981). The PEM of each YOR was taken as the “time
zero” (the reference time) from where the activity pattern of the
adult population was followed.

A one-way ANOVA was done to evaluate the effect of time
— in this case months of each year — on the population trend of
the adults. The month of the year was the independent variable,
while the mean population per ha was the dependent variable.
With this, it could be established whether the mean population
per ha differed significantly across the months within each
YOR; the level of significance was assessed at the 0.05 level.

A nested ANOVA to examine the variability of adult
O. monoceros between the different years, and across the
months was done. The various years were treated as fixed
effect, with the months considered as nested within, to account

for repeated temporal sampling. Both ANOVA models were
implemented in R version 4.4.0 (R Core Team, 2024) using the
“aov” function.

The potential effect of sample size on both F- and p- values
for the ANOVA models was calculated in R version 4.4.0 (R
Core Team, 2024) using the “effectsize” package (Ben-Shachar

et al., 2020). The “eta squared” (n*) analysis was estimated at
95% confidence interval.

5. Result

The temporal pattern of adult Oryctes monoceros — with
the threshold lines — for the three YORs are displayed in
Figures 2-4. Each data point on the line graph represents the
monthly average value with the SEM as error bars, to show the
precision and reliability of the sample mean compared to the
population mean. The ANOVA results confirms if the observed
variation in population level of the pest within and between the
YORs are due to real limiting factors or just random
occurrences.

5.1. 2018 year of replanting

The population pattern of O. monoceros adult in the 2018
replanting and how the total population per ha compare with
the suggested threshold values of 15 adults/ha by Mariau et al.
(1981) and the adapted threshold values of 5—10 adults per ha
is displayed in Figure 2. Data collection began in November
2018, three months after the PEM, with no population of
O. monoceros recorded. This occurrence continued until May
2019 — nine months after the PEM — where a total adult
population of 0.02 + 0.01 per ha was recorded. The population
increased steadily, rising to 0.96 = 0.04 adult per ha by
December 2019, and 1.23 + 0.04 in January 2020, sixteen and
seventeen months after respectively. By September 2020 —
twenty-five months after the PEM — a peak population of 20.1
+ 0.59 adults per ha was reached after which the population
began to decline. By September 2021, the population had
dropped to 7.48 + 0.6 adults per ha.
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Fig. 3. Activity pattern of Oryctes monoceros in the 2020 YOR.
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Fig. 4. Activity pattern of Oryctes monoceros in the 2022 YOR.

5.2. 2020 year of replanting

Figure 3 shows the population trend of O. monoceros in the
2020 replanting. Data collection was initiated in September 2020,
two months after the planting end month, with a total population of
0.27 £ 0.08 adult per ha. An upward trend in the population was
equally observed. In December 2020 a population of 0.37 £ 0.02
adults per ha was recorded, the highest for the year. The year 2021

began with a population of 0.5 + 0.03 adults and progressively
increased until June 2021 where a population of 1.19 + 0.07 was
recorded. By November, December 2021 the adult population had
risento 11.9+0.4 and 10.6 +0.48 adults per ha respectively, with a
peak population of 16.0 £+ 0.83 adults per ha in January 2022 —
eighteen months from the PEM. From this point onwards, the
population began to decline until a population of 3.4 + 0.45 adults
per ha, was recorded in March 2023.
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Table 1. One-way analysis of variance showing the effect of months on adult O. monoceros population density for 2018 YOR.

Df Sum Sq Mean Sq F value Pr(>F)
Month 34 66714 1962 623 <2e-16%**
Residuals 1788 5373 3

Table 2. One-way analysis of variance showing the effect of months on adult O. monoceros population density for 2020 YOR.

Df Sum Sq Mean Sq F value Pr(>F)
Month 30 47357 1579 200 <2e-16%**
Residuals 2102 16608 8

Table 3. One-way analysis of variance showing the effect of months on adult O. monoceros population density for 2022 YOR.

Df Sum Sq Mean Sq F value Pr(>F)
Month 26 48413 1862 143 <2e-16%**
Residuals 2049 26701 13

5.3. 2022 year of replanting

The population of adult O. monoceros in the 2022 replanting
is displayed in Figure 4. Data collection commenced in August
2022, a month after the PEM with no record of the adult until
October 2022 where a total population of 0.1 +0.12 adults per ha
was recorded,; this continued for the remainder of the year. While
there was slight spike in population in January 2023 with a record
of 1.1 +0.43 adult per ha, the adult population for the next five
months (February to August 2023) were sub-one values until
September 2023, where a population of 1.38 +0.11 adults per ha
wasrecorded. By July 2024 — twenty-four months after the PEM,
a peak population of 16.6 + 0.55 adults per ha was reached, and
from where a decline in population resulted in 1.33 £0.09 adults
per ha as of December 2024.

5.4. Analysis of variance (ANOVA) within replanting
cycles

Tables 1-3 displays result from a one-way ANOVA
conducted to evaluate the effect of time on population
abundance within the three YOR. Result showed that the
monthly variation in the pest population was highly statisti-
cally significant — far beyond the usual significance threshold
of 0.05, 0.01, 0.001. This is expressed by large F- values of
652.94, 199.79 and 142.89 for the 2018, 2020 and 2022 YOR
respectively and very small p- value of <2e-16.

5.5. Analysis of variance (ANOVA) between replanting
cycles

The nested ANOVA (Tab. 4) showed a highly significant
effects of the two tested variables: the year of replanting
(F-value=474.02, p-value = <2e-16), and the months within the
various years (F-value = 66.12, p-value = <2e-16) on the
population levels, patterns and variability of the adult

O. monoceros. This shows a clear temporal variation in the
population trend of the adult across the months within each year.

5.6. Effect size for analysis of variance

The effect size analysis showed that month per year
explained about 93% of the variance in population size (5 > =
0.93, 95% CI [0.92, 1.00]), indicating that temporal factors
exerted a dominant influence on the population trend of the pest.

6. Discussion

The study was carried out at Ubima oil palm plantation and
focussed on the population trend of adult Oryctes monoceros.
The aim was to identify at what point in time the increasing
adult population, reaches “natural peak” and by extension
exhibit a “natural decline” in numbers in post replanting
conditions across multiple cycle. To achieve this, the average
number of both dead and live adult O. monoceros per ha, per
month and per YOR was used. This is on the rationale that
whether dead or alive — with or without the influence of
external factors such as weather condition or even control
activities — this represents the actual number of O. monoceros
adult population within the replanted plots at a particular point
in time. Hence, while both manual and chemical controls were
implemented, to manage the pest incidence, the aim of this
study was not to primarily address efficacy of the control
measures implemented.

There was no record of adult O. monoceros in plots of the
2018 replanting for the first nine months (Fig. 2). This
occurrence — at face value — differ from that observed by
Cik Mohd Rizuan et al. (2014) of O. rhinoceros in a replanting
exercise at FELDA Global Ventures Plantation, Malaysia.
However, a more in-depth view shows an interesting similarity.
According to them, O. rhinoceros was absent in the replanted
plot for the first five months of observation, after which the
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Table 4. Nested analysis of variance showing the effect of year, months and their interaction on adult O. monoceros population density in the

three YORs.

Df Sum Sq Mean Sq F value Pr(>F)
Year 6 45918 7653 474 <2e-16%**
Year:Month 65 69388 1068 66 <2e-16%**
Residuals 5960 96223 16

immature stages were observed. From this account, we can
infer that a felled oil palm trunk will take between 4—-6 months
to decay sufficiently. With the first occurrence of the adults
about nine months from PEM in the 2018 plots, it would
therefore justify the rationale that the decaying trunk became
suitable to support the larvae from the fourth month, and by the
ninth month, the first cohort of adult O. monoceros began to
emerge. Thus, we can conclude that the occurrence,
development and generational continuity of O. monoceros is
highly dependent on the trunk and its speed of decay.

Heaps of empty fruit bunches (EFBs) unattended to, could
encourage the proliferation of the pest (Hisham ez al., 2013). If
felled trunks or EFBs are properly managed — by say chipping
of the trunk (Cik Mohd Rizuan et al., 2014; Dikrey et al., 2023)
— or are prevented from natural decay, there is the possibility
that their development will be significantly influenced. This
conclusion agrees with Mariau and Calvez (1973), Mariau
et al. (1981) Giblin-Davis (2001), Aidoo et al. (2022b); they
emphasised that the most important management option for
O. rhinoceros is to ensure the destruction and elimination of
the breeding sites.

Oryctes monoceros adults were already present in the 2020
RC plots barely two months after the PEM (Fig. 3).
Furthermore, a population of one adult per hectare was seen
six months earlier than in the 2018 RC. Though a curious
occurrence, it is nevertheless expected. The adult population
of O. monoceros observed in the 2020 plots must have been
introduced from the neighbouring 2018 plots (Fig. 1) which
had an already existing adult population. Hisham ez al. (2013)
noted that a second replanting phase will reach peak
population faster and will suffer more damage than a first
replanting phase due to an already established and multiply-
ing beetle population from the first replanting phase.
O. monoceros, though suggested to be strong fliers (Nirula,
1955, Hinckley, 1973, Monty, 1974), will remain within
feeding and breeding sites. To validate this, Lever (1979),
recorded a maximum flight distance of 700 m. Norman and
Mohd Basri (2004) equally noted that the availability of food
and abundant breeding sites in a replanted area plays a role in
limiting their flight distance.

There was practically no record of O. monoceros activities
in the 2022 RC plots within the first four months after the PEM
(Fig. 4). Negligible adult population were recorded for the next
three months, except in January 2023, where the adult
population was unexpectedly high. This must have been due to
the temporary termination of both monitoring and control
activities within the plantation while observing the December
2022 festive break. Furthermore, two plots though planted in
2022, were located close to the 2020 plots (Fig. 1). These may
have contributed to the negligible number of Oryctes adults
observed in the first few months.

Peak polPulation of O. monoceros adults was recorded at
the 25", 18" and 24™ months after the PEM in the 2018, 2020
and 2022 replanting cycles respectively, followed by a steady
decline. Although the period of peak population was distinct
between the three replantings, it can be argued that the peak
population of O. monoceros adult is best demonstrated by the
expression of the pest in the 2018 and the 2022 replanting
cycles. From result, we can conclude that there was no
established O. monoceros adult population in the plots. Hence,
every record of O. monoceros population must have been due
to the replanting activity (Norman and Basri, 1997; Manjeri
et al., 2014), the presence poorly managed EFBs and possible
introduction from the surrounding local farms. Since the
observation of the adult population in the 2020 planting was
technically “fast-tracked” by eight months, it therefore means
that the peak population observed, would have fallen on the
26™ month mark.

The month of peak population of the adult obtained in this
study, concourse with that of Hisham et al. (2013) but differs
from that of Cik Mohd Rizuan et al. (2014). Hisham et al.
(2013) noted two period of critical damage from Oryctes
incidence in most replanted areas in FELDA Oil Pvt. Ltd.,
India: one within 14 to 18 months after felling and 24 to
28 months after felling, with damage in the latter significantly
higher than the former. First, it is important to establish that
while the result of Hisham ez al. (2013) focused on critical
damage, it is not implausible to conclude that the period of
critical damage of Oryctes will coincide with the period of its
peak population. Hence the result obtained in this study and
that of Hisham et al. (2013) can be equated. There was no
damage observed within the first 7-8 months of their study.
Furthermore, the peak critical damage was observed between
the 24 to 28 months period, like obtained in this study. As for
Cik Mohd Rizuan et al. (2014) the highest population of
O. rhinoceros was detected at the IOth, 13" and 16™ month
after felling and chipping. While the biological and
morphological similarity between the two species have been
emphasised, difference in geography between the two study
sites as well as the uniqueness of prevailing circumstances may
have caused the difference in the activity pattern of the pest’s
adult population between the two study sites. It should also be
noted that chipping was a variable in Cik Mohd Rizuan ef al.
(2014) experience.

Setting threshold value is a key component of Integrated
Pest Management (IPM), hence, it must be an objective
reflection of the situation on ground. Manual picking of adult
Oryctes served as both the major form of control and a means
to quantify infestation level in plots. Hence records from this
exercise and the severity of damage experienced on ground,
necessitated a discretional lowering of the recommended
threshold value to justify the implementation of chemical
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control, as well as to limit the damage and effectively manage
the pest. At peak population of the adult, the economic
threshold value of 15 adults Oryctes per ha, suggested by
Mariau et al. (1981) was exceeded, hence chemical interven-
tion was justified. However, this control measure would not
have been applicable until the month where peak adult
population was recorded. Furthermore, chemical control
measures would have lasted for a few more months before
and/or after the peak population month and then stopped.
Based on the severity of damage on ground, it was needful to
adjust the threshold value to limit the damage.

The one-way and the nested ANOVA results provide
statistical basis to validate the variability of the means based on
the impacting group within and between each YOR. The one-
way ANOVA result (Tabs. 1-3) showed that the mean
population value of the pest varied significantly across the
months within the three replanting cycles. In other words, the
result shows that the months had a highly significant effect on
the population values, hence the pattern observed were
therefore not just random occurrences. This is confirmed by a
very large F-value range and a very small p-value. Similarly,
the nested ANOVA result (Tab. 4) provides statistical basis to
quantify the variability of the mean across the different
impacting groups between the three YOR. The result showed
that the mean population value of the pest varied significantly
between the years of re-planting, the months, as well as a
significant interaction between the years and months.

The very large F- and p- values obtained from the ANOVA
could at best indicate reaction due to large sample size or at
worse exaggerated values. However, the result from the “effect
size” analysis clearly indicated that monthly and yearly
variation significantly influenced the population pattern during
the study period and thus confirms that the observed temporal
pattern is biologically meaningful and not due to a random
occurrence.

A variety of chemical treatments exist for managing
O. monoceros (Manjeri et al., 2014). However, Cypermethrin,
a synthetic pyrethroid was used in the control of the pest when
the threshold value was exceeded; it proved effective. Chung
et al. (1991) noted that Cypermethrin amongst others was
effective in the control of O. rhinoceros at both the nursery and
in the field. Norman and Mohd Basri (1995), and Ho (1996),
revealed that Cypermethrin was effective in reducing the
number of holes on the spear and fronds. Although chemical
intervention is justified as last resort by IPM, less environment
disruptive option is advised if available. Considering this,
reference is made to a success cases on the effectiveness of
establishing cover cropping after felling and before replanting
activities commences. Mariau and Calvez (1973), Liew and
Sulaiman (1993), Ripin and Latip (2021) and Aidoo et al.
(2022b) all mentioned that the planting of leguminous cover
crop could act as barriers concealing rotting logs from
O. monoceros, as potential breeding sites. Liew and Sulaiman
(1993) noted that cover crops established to a height of 60—
90 cm can hinder the breeding activity of the Oryctes beetles in
a replanted area. Hence, it may not have been a coincidence
that at Obaretin Estate of Presco Plc, Edo state, 524 ha and
780 ha replanted in 2018 and 2020 respectively, had minimum
activities of O. monoceros adult. The geographical
location between the two estates — and the various unique
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environmental factors — may have influenced the pests'
activity. However, another difference between the two estate
was the level of cover crop establishment. The cover crop plant
Pueraria phaseoloides was well established in the plots
planted in Obaretin estate, but not in Ubima estate. There is no
hard data to prove, however, shredding/chipping of trunk,
though an expensive activity was suspected to have been
effective in reducing the population of O. monoceros in a
replanting exercise in Ghana Oil Palm Development Company
Ltd. (GOPDC) — a location with a history of O. monoceros
infestation — in 2015. Biological control using Metarhizium
anisopliae have been tried with relative success (Norman et al.,
2005; Hisham et al., 2013; Moslim et al., 2013; Manjeri et al.,
2014).

7. Conclusion and recommendation

The information from data collected in this study gives
clear insight into the time when peak population density is
observed in a replanted plot. The findings provides plantation
owners and managers alike with information on how long the
challenge of O. monoceros is likely to last if they arise from
replanting activities, and the likely period (after the PEM) the
pest will reach peak population and by extension the period of
critical damage. A threshold range that will serve as an
objective benchmark for adoption or adaptation has been
suggested. A threshold population of 1 in the declining phase
was observed after twenty-seven months in the 2022 RC. It
will be a useful to know exactly when the declining adult
population will reach zero in subsequent related study.

The population of O. monoceros in a replanted area was
low at the outset but built up once conditions in decaying felled
palms trunks became favourable. Peak population was reached
between 24 to 26 months after the planting end month. The
proximity between the 2018 RC plots and the 2020 RC plots
was a major reason behind the observation of O. monoceros
adults barely two months in plots belonging to the latter YOR;
the length of time the peak population was reached was also
shortened. This was not the case for the 2022 YOP. This
observation provides plantation owners with information on
how best to plan replanting activities across multiple years.
The unexpectedly high adult population in January 2023 was
associated with the temporary termination of monitoring and
control activities due to the December 2022 festive break. The
associated damage incurred during this period is a valuable
lesson on the fact that pest monitoring and management
practice should continue even if pest value is below economic
threshold.

Good establishment of cover crop, chipping/shredding of
felled trunks and implementation of biological control were
mentioned as potential alternatives for effective control of the
pest. Authors such as Norman et al. (2005), Ripin and Latip
(2021), have commented on the capability of cover crop to
impede the activities of O. monoceros while authors such as
Norman et al. (2005), Hisham et al. (2013), Moslim et al.
(2013), and Manjeri et al. (2014) have commented on the
efficacy of biological control. Studies on their effectiveness
within the African context should be embarked on and
considered for implementation going forward.
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The threshold level of O. monoceros per ha that will
warrant chemical intervention as suggested by Mariau et al.
(1981) will need to be reviewed. This is based on the severity
of damage caused by a population of > 5 to > 10 adults per ha,
observed during the study. A threshold below the recom-
mended number per ha should be considered, or threshold
should be set on a case-by-case basis and determined by the
severity of damage.
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