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FIELD-BASED EVALUATION OF MEALYBUG-
SOOTY MOULD DYNAMICS IN OIL PALM

SEBREY JEN SOMPIT"?; MOHD NOZULAIDI NORDIN?*; MUHAMMAD DZULHELMI MUHAMMAD
NASIR*; CIK MOHD RIZUAN ZAINAL ABIDIN*; MARK WONG KUI LIANG"®; BELLERICTER
BINJAMIN'; DK NORHAJIJAH AK MOHIDDIN'; SALUMIAH MIJIN';

CLAMENT CHIN FUI SEUNG' and SUZAN BENEDICK™

ABSTRACT
Mealybugs (MB) (Pseudococcidae) are sap-sucking insects that promote the growth of sooty mould (SM)
through honeydew secretion, posing an emerging threat to oil palm (Elaeis guineensis Jacq.) productivity
in Sabah, Malaysia. This study quantified the field-level relationship between MB infestation and SM
colonisation in oil palm plantations and developed a standardised Mealybug-Sooty Mould Severity Index
(MSI) for field surveillance. Study was conducted across four plantation blocks in the FGV Sahabat Region
from February to September 2025, representing a gradient of palm age: Young (1-3 years), intermediate (4—6
years) and mature (13 years). A total of 120 palms were assessed, with fronds examined at upper, middle
and lower canopy levels using binoculars to detect MB colonies and associated SM. Mature palms exhibited
the most severe infestations, with a strong positive correlation between MB density and SM colonisation.
MSI values increased with palm age and were consistently highest in the lower canopy. These findings
highlight the close linkage between pest infestation and fungal development and emphasise the importance

of field-based surveillance to support timely intervention within integrated pest management programimes.
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Oil palm is one of the most important crops in
Southeast Asia, particularly in Malaysia, where
it contributes substantially to national income,
rural livelihoods, and the global supply of
vegetable oil (Parveez et al, 2025). However,
the sustainability and productivity of oil palm
plantations are increasingly threatened by pest
infestations and their associated secondary effects,
which disrupt physiological processes and reduce
overall yield.

Among the sap-sucking pests affecting tropical
crops, the coconut mealybug (MB) Nipaecoccus
nipae (Hemiptera: Pseudococcidae) has emerged as
a particularly damaging species in Sabah (Mohd
Zin et al., 2023; Pacific Pests, Pathogens & Weeds,
2020). Its phloem-feeding behaviour depletes plant
resources and results in the excretion of honeydew,
a carbohydrate-rich substrate that promotes the
proliferation of sooty mould (SM) fungi. These fungi
form dense, black mycelial layers on leaf and fruit
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surfaces, impairing photosynthesis, transpiration
and fruit development, ultimately compromising
plant vigour and complicating harvesting
operations (Borkakati et al, 2024; Insausti et al.,
2015; Subramanian et al., 2021).

The N. nipae is highly polyphagous, recorded on
more than 40 plant families worldwide (Espinosa
et al., 2009), underscoring its invasive potential and
complicating control efforts. In Sabah, its spread
is facilitated by favourable climatic conditions
and the apparent absence of effective natural
enemies, enabling rapid population build-up
and movement across agroecosystems. The
synergistic interaction between MB infestation
and SM colonisation presents diagnostic and
management challenges, particularly in large-scale
plantation systems where early detection and
severity assessment are essential for timely
intervention.

Despite increasing reports of mealybug-
sooty mould complexes in oil palm plantations,
standardised field-based tools for quantifying
severity and understanding the ecological dynamics
of their co-occurrence remain limited. Most existing
studies have focused on pest identification, fungal
taxonomy, or general symptom descriptions and
relatively few have incorporated severity indices
that can support operational decision-making and
routine surveillance (Mohd Zin et al., 2023). This
absence of standardised assessment frameworks
limits the ability of field personnel and researchers
to compare infestation levels across ‘field sites,
detect early escalation and implement timely
interventions.

The present study was designed with two
main objectives. The first was to quantify the
field-level relationship between MB infestation
and SM colonisation in oil palm plantations. The
second was to develop and validate a standardised
Mealybug-Sooty Mould Severity Index (MSI)
for use in field surveillance. By applying the
MSI across a gradient of palm ages and canopy
levels, the study provides field-based insights into
infestation patterns and the ecological linkage
between MB abundance and SM development.
In addition, the MSI addresses limitations
of existing qualitative rating systems, which
typically assess pest presence or fungal symptoms
in isolation and lack consistency across canopy
strata. The proposed index offers a standardised,
canopy-explicit metric that jointly quantifies
MB infestation and SM development, enabling
more comparable and ecologically meaningful
assessments. The findings are intended to support
field personnel and researchers in strengthening
pest surveillance, refining integrated pest
management strategies and advancing ecological
understanding of pest-fungal interactions within
oil palm ecosystems.

MATERIALS AND METHODS
Location of Study Site

The field study was conducted across four oil
palm plantation blocks within FGV Plantations,
Sahabat, Lahad Datu, Sabah, Malaysia, an
extensive monoculture landscape characterised by
high production intensity and notable ecological
variability. Field sampling and MSI validation were
carried out over eight months from February to
September 2025, involving a total of 120 palms. The
selected sites included FGV PM Sahabat 43 North
(Location 1; 5° 19" 8.36" N, 119° 3' 28.98" E), which
comprised young palms aged 1-3 years; FGV PM
Sahabat 33 East (Location 2; 5° 20" 4.49" N, 119° 11’
53.63" E), containing intermediate-aged palms of 4-6
years; and two mature blocks, FGV PM Sahabat 9
West (Location 3; 5° 5 51.50" N, 118° 57’ 36.40" E)
and FGV PM Sahabat 11 (Location 4; 5° 9' 27.90" N,
119° 8' 10.54" E) (Figure 1), both consisting of palms
aged 13 years. These locations were strategically
selected to represent a gradient of palm maturity
and canopy strata, enabling comparative analysis
of MB infestation and associated SM colonisation
across different growth stages.

Collection of Data

Data on MB infestation and SM colonisation
were obtained through systematic field observations
conducted across three defined canopy levels of oil
palm: Upper (fronds 1-16), middle (fronds 17-32),
and lower (fronds 33-48), following an observation
protocol adapted from Mohd Zin et al. (2023). At
each study site, fronds were visually examined
using an SA202 binocular telescope (SVBONY 10
x 42 Roof Prism, FMC Coating, China) to detect
the presence of MB colonies and associated SM
growth. Observations focused on identifying fronds
exhibiting clear, active signs of pest colonisation
and fungal development, with infestation presence
recorded separately for each canopy level. Only
fronds with unambiguous evidence of MB activity
or SM colonisation were included in the dataset to
ensure consistency and reliability in severity scoring
and subsequent correlation analyses.

Research Experimental Design

A total of 120 palms were assessed, with 30
palms sampled at each location. At every site, palms
were selected using a systematic sampling strategy
to ensure unbiased and consistent coverage of the
plantation area. Each location was subdivided into
six replicate sampling plots and five palms per plot
were selected by sampling every nth palm along a
planting row. To maintain spatial independence
among replicates and capture within-location
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Figure 1. Aerial view of study sites in FGV Sahabat, Lahad Datu, Sabah, showing visible sooty mould infestation across oil palm blocks of varying
age. (1) FGV PM Sahabat 42 North (Location 1), comprising young palms aged 1-3 years; (b) FGV PM Sahabat 33 East (Location 2), with
intermediate-aged palms of 4—6 years; and two mature blocks, (c) FGV PM Sahabat 9 West (Location 3) and (d) FGV PM Sahabat 11 (Location 4),

both consisting of palms aged 13 years.

heterogeneity, the distance between sampling
plots was standardised at approximately 100 m,
equivalent to roughly 11 palms. This spacing
reduced the likelihood that palms in different plots
experienced the same localised pest pressure or
micro-environmental conditions. All four locations
were managed under comparable agronomic
practices, including fertilisation, pruning and
ground-vegetation control, and field assessments
were conducted under similar weather conditions
to minimise environmental variability during
data collection. This sampling design ensured that
observations were representative of each plantation
location, provided adequate replication within
sites ‘and offered a robust basis for comparing
infestation severity across palm age classes and
spatial zones.

Mealybug-Sooty Mould Severity Index (MSI)

Infestation severity was assessed using a
frond-based evaluation system in which each palm
was examined for the presence or absence of MB
colonies and associated SM. For every palm, the
total number of fronds and the number of infested or
colonised fronds were recorded. The proportion of
affected fronds was then used to classify each palm
into discrete severity categories. This proportional
approach aligns with established principles in plant

disease epidemiology, where percentage-based
thresholds are widely applied to represent
biologically meaningful transitions in host damage
and disease intensity (Campbell & Madden, 1990;
Madden et al., 2007; Nutter et al., 1991).

To ensure consistent interpretation of canopy
involvement, the number of infested fronds per
palm was converted into percentage thresholds
based on an average of 48 fronds per palm
(Table 1). Five severity categories were defined,
beginning with a baseline of 0% representing the
absence of MB infestation or SM colonisation.
The remaining categories followed quartile-based
thresholds commonly used in pest and disease
severity scales. These thresholds reflected clear
biological transitions observed in the field. Palms
with 1%-25% infestation typically exhibited
localised colonies with minimal canopy impact,
whereas palms exceeding 76% infestation showed
extensive MB presence accompanied by heavy
SM coverage.

To integrate the categorical severity ratings into a
continuous metric, each severity class was assigned
a weight equal to the midpoint of its infestation
range (Table 1). Midpoint-based weighting is widely
used in severity index construction because it
provides a stable representation of class severity and
reduces bias associated with extreme values (Jeger &
Viljanen-Rollinson, 2001; Madden et al., 2007).
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TABLE 1. FIELD INDEX GUIDE FOR MSI SEVERITY CATEGORIES

Index value

Infestation threshold

(number of infested fronds per palm) (% of fronds infested) Weightage Severity classification
0 0 0.000 None
1-12 1-25 0.125 Low
13-24 26-50 0.375 Moderate
25-36 51-75 0.625 High
3748 >76 1.000 Critical
The MSI was calculated using Equation (1): colonisation  during early -~ developmental

Y (n-w)
MSI == M

where, 7, is a number of palms in severity category
i, w, is a weight assigned to severity category
i, N is a total number of palms assessed. The
resulting index ranges from 0 (no infestation) to
1 (critical), providing a standardised metric for
comparing infestation levels across canopy strata
and palm age groups.

Statistical Analysis

A one-way analysis of variance (ANOVA)
was used to evaluate whether infestation severity
differed significantly across locations, palm age
categories, and canopy levels. Prior to analysis,
the data were assessed for normality using the
Shapiro-Wilk test and for homogeneity of variances
using Levene’s test, both of which confirmed
that the assumptions for ANOVA were met. Post
hoc comparisons were conducted using Tukey’s
HSD (Tukey-b) to identify significant pairwise
differences among groups. Pearson’s correlation
analysis was performed to assess the relationship
between MB infestation and SM occurrence.
All inferential statistical analyses were carried
out in SPSS version 27 (IBM Corp, 2020), while
Microsoft Excel was used solely for data entry
and organisation. Statistical significance was set
atp <0.05.

RESULTS AND DISCUSSION

Frequency of Fronds Infested by Mealybugs (MB)
and Sooty Mould (SM) According to Oil Palm Tree
Age Categories

Analysis of mealybug infestation frequency
across palm age groups and canopy levels
revealed clear patterns in pest distribution
(Table 2). Young palms (1-3 years) at Location
1 showed the lowest infestation counts
across all canopy levels, indicating limited

stages. Intermediate-aged palms (4-6 years) at
Location 2 exhibited moderate infestation levels,
whereas mature palms (13 years) at Locations 3
and 4 recorded substantially higher frequencies.
These findings suggest that older palms
provide more favourable microhabitats for
MB establishment and persistence. Across all
locations, infestation was most pronounced in the
lower canopy (Level 3: Fronds 33-48), followed
by the middle (Level 2) and upper canopy
(Level 1), with total infested frond counts of
1,524, 1,252 and 525, respectively. Notably,
Location 4 exhibited equal infestation frequencies
in Levels 2 and 3, indicating saturation across
the mid- and lower-canopy zones.

The SM colonisation showed similar trends
(Table 2), with minimal infestation in young palms
at Location 1 (1 frond in the upper canopy,
103 fronds in the middle; 110 fronds in the lower
canopy). Intermediate-aged palms at Location 2
displayed increased colonisation, particularly in
the lower canopy (295 fronds). Mature palms at
Locations 3 and 4 recorded the highest frequencies,
with Location 4 reaching saturation in both
middle and lower canopy levels (480 fronds each).
Consistent with MB patterns, the lower canopy
harboured the highest number of SM-affected
fronds (1,353), followed by the middle (1,178)
and upper canopy (482).

This stratified pattern aligns with previous
observations indicating that the lower canopy
offers a more favourable microclimate for pest
persistence, characterised by higher humidity,
reduced light penetration and longer leaf retention,
which together support MB colonisation and
honeydew accumulation (Mohd Zin et al., 2023).
Likewise, the more uniform distribution in mature
palms reflects earlier reports of vertical spread and
sustained infestation driven by continuous MB
activity and microclimatic conditions that promote
SM development across canopy layers. These
interpretations are based on established findings
and field-level observations and while consistent
with known ecological mechanisms, they warrant
further study to verify the underlying drivers within
the present system.
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TABLE 2. FREQUENCY OF MEALYBUG (MB) INFESTATION AND SOOTY MOULD (SM) COLONISATION
ACROSS CANOPY STRATA AND LOCATIONS

Total number of infested fronds

Location MB SM

Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
1 12 143 219 1 103 110
2 16 198 356 15 168 295
3 221 431 469 199 427 468
4 276 480 480 267 480 480
Total 525 1,252 1,524 482 1,178 1,353

Note: Location 1: FGV PM Sahabat 43 North (Trees aged 1-3 years), Location 2: FGV PM Sahabat 33 East (Trees aged 46 years),
Location 3: FGV PM Sahabat 9 West (Trees aged 13 years) and Location 4: FGV PM Sahabat 11 (Trees aged 13 years).
Frond levels are defined as follows: Level 1 — upper canopy (fronds 1-16), Level 2 — middle canopy (fronds 17-32) and

Level 3 — lower canopy (fronds 33—48).

Quantifying the Field-Level Relationship Between
Mealybug (MB) Infestation and Sooty Mould (SM)
Colonisation

A one-way ANOVA showed significant
differences in MB infestation across the four
locations (Table 3; F, ., = 74.46, p < 0.001), suggesting
that infestation severity was higher in locations
with more mature palm trees. Similarly, a one-
way ANOVA showed significant differences in
SM infestation across the four locations (Tuble 3;
F,., = 11151, p < 0.001), indicating that fungal
colonisation was higher in locations with more
mature palm trees.” Post hoc comparisons (Tukey’s
HSD) in Table 3 revealed clear differences among
locations, with young palms (1-3 years old) from
Location 1 showing the lowest mean infestation
levels for both MB and SM. Intermediate-aged palms
(4-6 years old) from Location 2 showed moderate
levels, whereas mature palms (13 years old) from
Locations 3 and 4 had the highest infestation and
colonisation intensities.

The MB infestation showed a clear age-related
gradient across locations. Young palms at
Location 1 recorded the lowest mean infestation
(4.16), significantly lower than all other sites.
Location 2 exhibited a moderate increase (6.33),

while mature palms at Locations 3 and 4 showed
the highest infestation levels (12.46 and 13.73),
with no significant difference between them.
These results demonstrate a strong association
between palm age and MB severity, with
older palms supporting substantially higher
levels of colonisation. Several ecological and
physiological factors may contribute to this
pattern. Mature palms are known to accumulate
greater carbohydrate reserves and contain higher
concentrations of soluble sugars such as glucose,
sucrose and fructose (Henson et al., 1999; Kosugi
et al, 2010). Long-term nutrient management
practices involving nitrogen, potassium and
magnesium further enhance photosynthesis
and sugar synthesis (Chew et al., 1996). While
essential for productivity, these conditions may

inadvertently favour sap-feeding pests like
N. nipae, which thrive in sugar-rich tissues.
The SM colonisation followed a similar

age-related trend. Infestation severity increased
from a mean of 2.38 in Location 1 to 5.31 in
Location 2, with the highest levels recorded in
the mature blocks, which reached 12.16 and 13.63
in Locations 3 and 4, as shown in Table 3. Tukey’s
HSD test confirmed that fungal colonisation was
significantly greater in older palms at the level of

TABLE 3. COMPARATIVE ANALYSIS OF MEALYBUG (MB) INFESTATION IN TREES ACROSS FOUR GROWTH
STAGES AND GEOGRAPHIC LOCATIONS

. Total number of Total number of MB SM
Location
trees (N) observed canopy levels Mean Standard error (SE) Mean Standard error (SE)
1 30 920 4.16a 0.52 2.38a 0.37
2 30 90 6.33b 0.70 5.31b 0.67
3 30 90 12.46¢ 0.51 12.16¢ 0.55
4 30 90 13.73¢ 0.37 13.63¢ 0.38

Note: Different letters indicate significant differences in infestation levels among locations (P < 0.05). Tukey’s HSD (Tukey b) test identified
significant pairwise differences between locations at P < 0.05. The study sites included Location 1: FGV PM Sahabat 43 North (trees
aged 1-3 years), Location 2: FGV PM Sahabat 33 East (4-6 years), Location 3: FGV PM Sahabat 9 West (13 years) and Location 4:

FGV PM Sahabat 11 (13 years).
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p < 0.05. This pattern aligns with the ecological
linkage between MB and SM because honeydew
produced by MB serves as the substrate for fungal
growth. Mature palms, which develop denser
canopies and more humid microclimates, provide
favourable conditions for both MB activity and
subsequent fungal proliferation. Mohd Zin et al.
(2023) also reported strong correlations between
MB density and SM severity, particularly in older
palms, supporting the age-related pattern observed
in this study.

Together, thesefindingssuggestthatphysiological
sugar profiles, canopy structure and microclimatic
conditions in mature palms create environments
highly conducive to both MB colonisation and
secondary fungal development. However, because
sugar content and nutrient allocation were not
measured directly in this study, these mechanisms
remain plausible interpretations supported by
existing literature rather than conclusions drawn
from the present dataset (Douglas, 2006; Lopes
etal., 2019; Puspitasari et al., 2023; Zhou et al., 2013).
Further research incorporating biochemical profiling
and physiological measurements would help
clarify the drivers of age-related susceptibility in
oil palm.

A strong positive correlation was observed
between the total number of oil palm trees infested
by MB and those affected by SM across geographic
locations and age groups (Figure 2; Pearson’s

20.00

15.00

10.00

5.00

Mean number of palms infested by MB

.00

correlation, r, = 0.94, N =120, p < 0.001), indicating
a close ecological relationship between MB density
and fungal colonisation.

This relationship reflects the dependence of
SM on honeydew produced by phloem-feeding
MB, which provides the substrate required for
fungal growth (Chomnunti et al., 2014). Higher
infestation and mould development in the mid- and
lower-canopy strata further support this linkage,
as these layers tend to accumulate honeydew
and retain humidity. This mechanism aligns with
previous physiological studies, including Zhou
et al. (2013), who documented substantial daily
honeydew secretion in Phenacoccus solenopsis.
Their findings reinforce the biological basis for
the strong field-level correlation observed in
this study.

From a management perspective, the strong
coupling between MB density and SM severity
underscores the importance of monitoring mealybug
hotspots as an early warning indicator of impending
fungal development. Building on these findings,
future research incorporating natural enemy

surveys, ant-mealybug interactions, microclimatic
measurements, long-term infestation dynamics,
as well as more advanced analytical approaches
such as regression modelling, would further refine
integrated management strategies for N. nipae and
provide deeper ecological insight under plantation
conditions.

Locations
of study

sites and
growth
stages
A1.00
X 2.00
@®3.00
O4.00

R? Linear = 0.855

.00 5.00 10.00

15.00 20.00

Mean number of palms infested by SM

Note: The triangle symbol represents Location 1: FGV PM Sahabat 43 North (palms aged 1-3 years); the star symbol
represents Location 2: FGV PM Sahabat 33 East (palms aged 4-6 years); the black dot represents Location 3:
FGV PM Sahabat 9 West (palms aged 13 years); and the white dot represents Location 4: FGV PM Sahabat 11

(palms aged 13 years).

Figure 2. Correlation between total number of oil palm trees infested by mealybug (MB) and sooty mould (SM).
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Validation of the Mealybug-Sooty Mould Severity
Index (MSI) for Field-Level Surveillance and
Decision-Making

The index values for MB and SM showed
clear differences in infestation severity across the
four plantation blocks in the FGV Sahabat region
(Table 4). Location 1 recorded the lowest MSI values
(MB = 0.26; SM = 0.16), reflecting predominantly
low to moderate infestation with no trees
reaching the critical category. Location 2 showed
a moderate increase in severity (MB = 0.38;
SM = 0.33), with several trees classified as high
but none as very high. In contrast, Locations
3 and 4, both consisting of mature palms aged
over 7 years, exhibited substantially higher
MSI values. Location 3 recorded MSI values
of 0.84 for both MB and SM, with more than
two-thirds of trees falling into the critical category.
Location 4 showed the highest severity, with
MSI at 099 and SM at 1.00, indicating
near-total canopy saturation by both MB and
SM.

These MSI patterns clearly demonstrate
that infestation severity increases with palm
age and that MB and SM intensities rise in
parallel across all locations. The close alignment
between observed field conditions and the
corresponding MB and SM scores indicates that
the MSI effectively captures real variation in
pest and fungal severity. This consistency across
age groups and plantation blocks supports the
reliability of the index and its suitability for field
surveillance. Similar index-based approaches have

been widely used in plantation pest management,
including the Termite Infestation Severity Index
(TISI) developed by Sulaiman et al. (2023) and
severity-based economic injury level models for
Tirathaba mundella by Ming et al. (2020). These
studies highlight key strengths of severity indices,
such as their simplicity, rapid field applicability,
and ability to standardise assessments across
observers and sites.

Despite these advantages, index-based
tools also have recognised limitations. Their
reliance on visual scoring can introduce observer
bias, particularly when symptoms are subtle
or unevenly distributed across the canopy.
Severity classes may oversimplify continuous
biological variation, and index values may be
influenced by environmental conditions such
as light, humidity, or frond accessibility (Kogan
& Jepson, 2007). Furthermore, indices do not
directly quantify physiological drivers such as
sugar content or nutrient allocation, which may
underlie infestation patterns. For these reasons,
severity indices are most effective when used
alongside complementary methods, including
microclimatic monitoring, natural enemy surveys
and biochemical profiling.

Overall, the MSI developed in this study
demonstrates strong construct validity and
operational relevance. Its ability to capture clear,
biologically meaningful gradients across palm age
categories and plantation blocks supports its use
as a practical decision-support tool for field-based
surveillance and for the early detection of escalating
MB-SM pressure.

TABLE 4. MEALYBUG-SOOTY MOULD SEVERITY INDEX (MSI)

Infestation threshold Severity of

Total no. of trees Total no. of trees

Location (% of fron(ds infested) Weil(glgtage classification infested by MB h/([g)s;c:);;es infested by SM Si\{)[)s;(():;es
a) () (d (e
0 0.000 None 4 0.00 9 0.00
1=25 0.125 Low 10 1.25 12 1.50
26-50 0.375 Moderate 14 5.25 9 3.38
1 51-75 0.625 High 2 1.25 0 0.00
>76 1.000 Critical 0 0.00 0 0.00
Total 30 7.75 30 4.875
MSI 0.26 0.16
0 0.000 None 3 0.00 4 0.00
1-25 0.125 Low 6 0.75 9 1.13
26-50 0.375 Moderate 10 3.75 7 2.63
2 51-75 0.625 High 11 6.88 10 6.25
>76 1.000 Critical 0 0.00 0 0.00
Total 30 11.375 30 10
MSI 0.38 0.33
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TABLE 4. MEALYBUG AND SOOTY MOULD SEVERITY INDEX (MS]) (continued)

Infestation threshold

Severity of

Total no. of trees Total no. of trees

Location (% of fron(ds infested) Wei;g,tl)l)tage classification infested by MB N([]]j)s;ct();;!s infested by SM Si\l/)l)s;(():)es
a) (V] (d) (e)
0 0.000 None 0 0.00 0 0.00
1-25 0.125 Low 1 0.13 1 0.13
26-50 0.375 Moderate 4 1.50 1 0.38
3 51-75 0.625 High 4 2.50 9 5.63
>76 1.000 Critical 21 21.00 19 19.00
Total 30 25.125 30 25.125
MSI 0.84 0.84
0 0.000 None 0 0.00 0 0.00
1-25 0.125 Low 0 0.00 0 0.00
26-50 0.375 Moderate 0 0.00 0 0.00
4 51-75 0.625 High 1 0.63 0 0.00
>76 1.000 Critical 29 29.00 30 30.00
Total 30 29.625 30 30
MSI 0.99 1.00

Note: The study sites included Location 1: FGV PM Sahabat 43 North (trees aged 1-3 years), Location 2: FGV PM Sahabat 33 East
(4-6 years), Location 3: FGV PM Sahabat 9 West (13 years) and Location 4: FGV PM Sahabat 11 (13 years); MB - mealybug;

SM - sooty mould.

CONCLUSION

This study proposed a field-validated MSI that
reliably captures variation in infestation severity
across palm age classes and canopy strata. The
MSI  reflects clear biological patterns linking
mealybug abundance with secondary sooty mould
development, demonstrating —strong construct
validity under operational field conditions. As
a simple, standardised, and sensitive tool, the
MSI enhances routine surveillance and supports
earlier detection of escalating pest-fungal pressure.
Its application - strengthens both ecological
understanding -~ and practical decision-making
within integrated pest management programmes in
oil palm plantations.

ACKNOWLEDGEMENT

The authors gratefully acknowledge the UMS-
FGV Academic Chair for supporting the research
activities that made this study possible. Special
thanks are extended to FGV PM Sahabat, Lahad
Datu for facilitating field studies and logistical
coordination, and to FGV R&D (R&D Division)
for granting research permission and providing
institutional support throughout the project. We
also wish to express our sincere appreciation
to the laboratory staff and assistants from the
Faculty of Sustainable Agriculture, Universiti
Malaysia Sabah, for their technical assistance and

dedication during sample processing and data
collection, as well as to Mr. Mohd Nozulaidi Nordin
for generously providing the images in Figure 1.

REFERENCES

Borkakati, R. N., Deka, M. K., Nath, B. C., Ganesh,
B. M., Pradhan, P. P, Rahman, N., Das, P,
Sharma, A. K., & Barman, S. (2024). Ecology
and management of mealybugs in agriculture:
A comprehensive overview. International Journal
of Advanced Biochemistry Research, 8(9S), 531-
533. https://doi.org/10.33545/26174693.2024.
v8.19g.2165

Campbell, C. L., & Madden, L. V. (1990). Introduction
to plant disease epidemiology. John Wiley & Sons.

Chew, P. S., Goh, K. J., & Kee, K. K. (1996). Spatial
soil fertility in mature oil palm agroecosystem
and its implications on fertiliser management. In
Proceedings of the Soil Science Conference of Malaysia
1995 (pp. 80-90). The Malaysian Society of Soil
Science.

Chomnunti, P, Hongsanan, S., Hudson, B. A,
Tian, Q., Persoh, D., Dhami, M. K., Alias, A.
S., Xu, J.,, Liu, X., Stadler, M., & Hyde, K. D.
(2014). The sooty moulds. Fungal Diversity,
66, 1-36. https://doi.org/10.1007 /s13225-014-
0278-5



FIELD-BASED EVALUATION OF MEALYBUG-SOOTY MOULD DYNAMICS IN OIL PALM

Douglas, A. E. (2006). Phloem-sap feeding by
animals: Problems and solutions. Journal of
Experimental Botany, 57(4), 747-754. https:/ / doi.
org/10.1093/jxb/ erj067

Espinosa, A., Hodges, A., Hodges, G., & Mannion, C.
(2009). Coconut mealybug Nipaecoccus nipae
(Maskell) (Insecta: Hemiptera: Pseudococcidae).
EDIS, 2009(5), 1-5. https://doi.org/10.32473/
edis-in815-2009

Henson, I. E., Chang, K. C., Siti Nor Aishah, M.,
Chai, S. H.,, Hasnuddin, M. Y., & Zakaria, A.
(1999). The oil palm trunk as a carbohydrate
reserve. Journal of Oil Palm Research, 11(2),
98-113.

IBM Corp. (2020). IBM SPSS Statistics for Windows
(Version 27.0). [Computer software].

Insausti, P, Ploschuk, E. L., Izaguirre, M. M., &
Podworny, M. (2015). The effect of sunlight
interception by sooty mold on chlorophyll
content and photosynthesis in orange leaves
(Citrus sinensis L.). European Journal of Plant
Pathology, 143(3), 559-565. https://doi.org/
10.1007 /s10658-015-0709-5

Jeger, M. J., & Viljanen-Rollinson, S. L. H. (2001).
The use of the area under the disease-progress
curve (AUDPC) to assess quantitative disease
resistance in crop cultivars. Theoretical and
Applied Genetics, 102(1), 32-40. https://doi.
org/10.1007 /5001220051615

Kogan, M., & Jepson, P. (2007). Perspectives in
ecological theory and integrated pest management.
Cambridge University Press.

Kosugi, A., Tanaka, R., Magara, K., Murata, Y.,
Arai, T.,, Othman, S., Rokiah, H., Zubaidah
Aimi, A. H., Mohd Khairul, A. Y., Mohd Nor,
M. Y., Wan Asma, I., & Mori, Y. (2010). Ethanol
and lactic acid production using sap squeezed
from old oil palm trunks felled for replanting.
Journal of Bioscience and Bioengineering, 110(3),
322-325. https:/ /doi.org/10.1016/j.jbiosc.2010.
03.001

Lopes, F. S. C., Oliveira, J. V. de, Oliveira, ]. E. de
M., Oliveira, M. D. de, & Souza, A. M. de.
(2019). Host plants for mealybugs (Hemiptera:
Pseudococcidae) in grapevine crops. Pesquisa
Agropecudria Tropical, 49, €54280. https://doi.
org/10.1590/1983-40632019v4954421

Madden, L. V., Hughes, G, & van den Bosch,
FE. (2007). The study of plant disease epidemics
(2nd ed.). APS Press.

Ming, S. C., Hung, P. K. J., Ming, K. Y., Zakry Fitri,
A. A, & Huat, O. K. (2020). Economic injury
level of oil palm bunch moth, Tirathaba mundella
Walker for pest management recommendations
in oil palm production. Journal of Oil Palm
Research, 33(1), 37-45. https:/ / doi.org/10.21894 /
jopr.2020.0090

Mohd Zin, M. H. H., Goh, Y. K., Mahamooth, T.
N., Shukor, M. 1., Chen, Z. Y., Rusli, M. H.,
Mohd Masri, M. M., Marsuki, S., & Labo, A.
(2023, November 15). The outbreak of sooty
mould and mealybug in Sabah oil palm plantations
[Conference presentation]. SOPPOA-MPOB
Seminar on R&D Progress. https://soppoa.
org.my/wp-content/uploads/2023/11/
Mohd-Helmay-Husaini-MZ-MPOB-SOPPOA -
Seminar-on-RD-Progress-15-Nov-2023-min.pdf

Nutter, F. W., Teng, P. S., & Shokes, F. M. (1991).
Disease assessment terms and concepts. Plant
Disease, 75(11), 1187-1188.

Pacific Pests, Pathogens & Weeds. (2020). Coconut
mealybug-Nipaecoccus nipae (Maskell) (Fact
Sheet No. 347). Pacific Community (SPC).
https:/ /apps.lucidcentral.org / pppw_v11/pdf/
web_full/coconut_mealybug_347.pdf

Parveez, G. K. A., Ghazali, R., Mohd Hassan, N. A.,
Madihah, A. Z.,, Othman, A., Kannan, P, Teh,
S. S., Voon, P. T., Idris, Z., & Moslim, R. (2025).
Oil palm economic performance in Malaysia
and R&D progress in 2024. Journal of Oil Palm
Research, 37(2), 187-208. https://doi.org/10.
21894 /jopr.2025.0031

Puspitasari, T., Susilawati, S., Hapsari, A. D., & Harni,
R.(2023). Mealybug (Planococcus spp. Hemiptera:
Pseudococcidae) as a pest on plantation crops and
its control techniques: A review. IOP Conference
Series: Earth and Environmental Science, 1133(1),
Article 012032. https:/ /doi.org/10.1088/1755-
1315/1133/1/012032

Subramanian, S., Boopathi, T., Nebapure, S. M., Yele,
Y., & Shankarganesh, K. (2021). Mealybugs. In
Ombkar (Ed.), Polyphagous pests of crops (pp. 83—
106). Springer. https:/ / doi.org/10.1007 /978-981-
15-8075-8_5

Sulaiman, M. R., Mohamad, S. A., Anuar, M. I,
Ahmad, S. N.,, & Mohd Masri, M. M. (2024).
Assessment of subterranean termite, Coptotermes
curvignathus (Isoptera: Rhinotermitidae)
infestation severity index (TISI) and water table
on a peat oil palm plantation in Sarawak. Journal
of Oil Palm Research, 36(2), 335-348. https:/ /doi.
org/10.21894 /jopr.2023.0044



JOURNAL OF OIL PALM RESEARCH

Zhou, A., Ly, Y., Zeng, L., Xu, Y., & Liang, G. (2013). (Hemiptera: Pseudococcidae). Journal of Insect
Effect of host plants on honeydew production Behavior, 26(2),191-199. https: / / doi.org/10.1007 /
of an invasive mealybug, Phenacoccus solenopsis s10905-012-9351-7



