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Abstract
The impact of invasive species attacking economically important crops is often
unpredictable, which is why information needs to be provided at the earliest stage
of the attack. This is an incidence report of the fall armyworm, Spodoptera frugiperda
(J.E. Smith, 1797) (Lepidoptera: Noctuidae), a new invasive species attacking maize
in Malaysia. We found this devastating insect feeding on maize in Changlun, a
district in the state of Kedah in northern Malaysia. Morphological examination on
the collected specimens and plant damage symptoms due to larval feeding allowed
us to confirm the presence of the pest. Hence, we confirm the presence of
S. frugiperda in yet another country of South East Asia.
Key words: invasive species, morphological identification, damage symptoms, South
East Asia, food security

Introduction
Invasive species, in most cases, pose a direct threat to native ecosystems.
Indirectly, these invaders also affect humans through crop loss and food
insecurity (Paini et al. 2016). The threat is constantly growing, spearheaded
by anthropogenic-induced factors such as global trade and transportation
– especially in regions where they were previously absent (Tilman et al.
2017). While the issue itself is apparent, predicting the exact cost of loss is
challenging due to geographical, culture, socio-economic and legislative
complexity. Hence, it is essential to accumulate and disseminate information
rapidly to assist in prevention management decisions as a response to new
invasive species incursions (Wildemeersch et al. 2019).
The fall armyworm, Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera:
Noctuidae), is a an invasive species that has caused havoc on commercial crops
in large parts of the world. Being first detected in the African continent in
2016 (Goergen et al. 2016), the pest has affected at least 28 sub-Saharan
African countries by the end of 2017 (Day et al. 2017). Within a year,

Jamil et al. (2021), BioInvasions Records 10(1): 81–90, https://doi.org/10.3391/bir.2021.10.1.10

81

First incidence of Spodoptera frugiperda in Malaysia

S. frugiperda continued its spread across South Asia (Kalleshwaraswamy et
al. 2018). It did not take long for the pest to invade South-East Asia. By
2019, S. frugiperda has been reported to attack maize in Vietnam and
Indonesia (Hang et al. 2020; Ginting et al. 2020, respectively). In Malaysia,
the detection of this pest was first announced in a brief report by the
International Plant Protection Convention (IPPC 2019). The pest has
caused considerable yield loss to farmers along their invasive pathway.
Losses due to S. frugiperda incursions on maize in Africa were estimated
between US$ 2,481 million and US$ 6,187 million per annum, translating
to a loss ranging from 8.3 to 20.6 million tonnes annually (Shylesha et al.
2018; Day et al. 2017, respectively). Economic losses on maize in SouthEast region remain unclear.
The Food and Agriculture Organization (FAO) of the United Nations
has declared S. frugiperda as one of the major invasive pests in the world,
emphasizing that serious attention needs to be placed on S. frugiperda as it
may threaten global food security due to its polyphagous nature (FAO
2017). This pest possesses various traits to be a successful invader. Being
able to complete multiple generations, an adult female moth may lay up to
1,000 eggs throughout its lifetime (CABI 2019). Once emerged, large numbers
of S. frugiperda neonate-larvae, persistent like an army, can cause severe
damage to maize especially the leaves. The larvae of S. frugiperda potentially
feed on more than 350 plant species, including several economically-important
crops such as maize, sugarcane and rice (Montezano et al. 2018). Worst
damage is typically done by the fourth to sixth instar larval stages where
they inflict injury to the maize whorl, stem and cob through extensive
feeding. Apart from the larvae, adults are also strong fliers and may fly over
100 km per night (Johnson 1987). All these features contribute directly to
the success of S. frugiperda spreading as a global pest. It is vital to collect
detailed information on the means of introduction, distribution, host plant
feeding patterns and preferences, and the severity of this pest in order to
limit its damage on maize in Malaysia. Herein, we report for the first time
the presence of S. frugiperda in Malaysia as a prerequisite to develop
appropriate management strategies against this recently introduced
invasive species.

Materials and methods
Study site
Following reports by maize growers of devastating attacks by unknown
larvae on their crop, MARDI scientists and the Department of Agriculture
extension agents organized a joint field visit to a private farm located in
Changlun, Kedah (6.339528N; 100.418987E) (Figure 1). Prior to sampling,
farm owners were interviewed using a short, structured questionnaire to
obtain general information about farm management practices including
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Figure 1. Location of the Changlun maize farm in the northern part of Peninsular Malaysia
where S. frugiperda was first located (red dot).
Table 1. Mean ± SE of S. frugiperda incidence and severity in Changlun, Malaysia according to pre-determined zones.
Zone*
(plot size)
A (10 acres)
B (15 acres)
C (20 acres)
Total

Incidence of infected plants
(%)
100
100
100
100

Mean severity
(Scale 1 to 5)
4.70 ± 0.07
5.00 ± 0.00
4.88 ± 0.05
4.86 ± 0.03

Average number of S. frugiperda larvae per plant
Leaf/Stem
Cob
Total
3.40 ± 0.50
2.20 ± 0.51
5.60 ± 0.69
2.70 ± 0.33
3.30 ± 0.40
6.00 ± 0.42
2.80 ± 0.44
2.40 ± 0.40
5.20 ± 0.66
2.97 ± 0.25
2.63 ± 0.26
–

* n = 50 for each zone

planting date, maize variety, source of seeds, pesticides type and frequency,
fertilizer type, first experience of damage and type of recent change in
infestation. Grain maize was cultivated, but the exact maize variety was not
determined. At the time of sampling, most plants were already at the
reproductive development stage. Sampling of the S. frugiperda on the farm
was undertaken at three pre-determined zones i.e. Zone A, B and C, which
differed in plot size at the time of sampling (Table 1). Sampling was done
for three consecutive days from the 16th till the 18th of September 2019. The
Jamil et al. (2021), BioInvasions Records 10(1): 81–90, https://doi.org/10.3391/bir.2021.10.1.10

83

First incidence of Spodoptera frugiperda in Malaysia

Table 2. Severity score description based on damage symptoms on maize plant (adapted from Kuate et al. 2019 with slight
modifications).
Severity score
1
2
3
4
5

Description(s)
Healthy maize with NO damage.
1–10% leaf damage or presence of damage from S. frugiperda limited to characteristic windows or < 5 mm
diameter and or destruction of only the leaf cuticle. S. frugiperda present on flower and shoot of plant.
11–25% leaf damage with presence of chewed areas > 5 mm, funnel leaves still intact. S. frugiperda present on
flower, shoot and mature leaves of plant.
26–50% leaf damage with presence chewed areas larger than 1 cm, the funnel slightly damaged or less severe.
S. frugiperda present on flower, shoot, mature leaves and stem of plant.
> 50% leaf damage, plant stunting and funnel damaged severely. S. frugiperda present on ALL part of plants
including flower, shoot, mature leaves, stem and cob.

first day of sampling it rained however rainfall was not recorded. The
survey period corresponded to the shift from dry season to wet season in
the northern Peninsular Malaysia.

Data collection
Insects were collected simultaneously while incidence scouting was conducted.
The S. frugiperda incidence scouting was undertaken according to the
method described by FAO (FAO 2018). In each zone, scouting was done by
inspecting 10 plants per transect. Four transects were established by
moving along a W-shape design. Another final transect was established in
the middle of each zone. In total, 50 maize plants were sampled per zone in
5 transects, respectively. Distance between two consecutive plants was a
function of field size and shape but was representative of the plot area.
Spodoptera frugiperda presence was determined using the following indicators:
(i) presence of fresh frass in the leaf funnel; (ii) presence of larvae on leaves
or in the leaf funnel identifiable with the inverted Y-Shape in the head and
the set of four dot forming a square on the upper surface of the last segment
of its body; (iii) irregular damage (cuts) on leaves and (iv) presence of egg
masses (Day et al. 2017). Field sampling to determine the pest severity was
done destructively. Inspected plants (10 plants/zone) were chosen randomly.
Plants were cut from the ground level and dissected to record the number
of S. frugiperda, egg batches and any other insects present. Damage to the
plant was scored according to the severity scoring with slight modifications
(Kuate et al. 2019). A rating scale from 1 to 5 was used for scoring of
damage severity on whorl-stage plants (Table 2). Collected larvae (third to
sixth instar stage) were kept in 90% alcohol and brought to the laboratory
for further identification. Another batch of larvae was collected to establish
S. frugiperda colonies in the laboratory. All pictures were photographed
using the Olympus Tough TG-5 camera.

Results
Morphological identification
We obtained a total of 223 S. frugiperda larvae collected from the maize
plants during the sampling. Morphological characteristics of the S. frugiperda
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Figure 2. Morphological characteristics of
S. frugiperda larvae (A) the head part with an
inverted clear Y-shaped marking on the
anterior (B) trapezoidal-patterned black spots
on the first to seventh abdominal segment
(C) squarish-pattern black spots on eighth
segment. Photographs by Saiful ZJ.

Figure 3. Morphological characteristics of
S. frugiperda (A) pupae (B) male adult (C) female
adult. Photographs by Saiful ZJ.

are presented in Figure 2 and Figure 3. Mature larvae were marked with
clear inverted “Y” on their dark-coloured head (Figure 2A). They also
consistently exhibit distinct black spots (pinacula) on the body which were
arranged in a trapezoidal pattern for the first seven abdominal segments
and a rather square pattern on the 8th abdominal segment (Figure 2B, C).
These two unique larval characteristics distinguishes this species from other
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Figure 4. Damage symptoms by the S. frugiperda on maize (A) consistent damage on almost every plant in the farm (B) holes and
windowpanes on leaf (C) damage on the stalk and tassel (D) damage on the whorl (E) frass around the feeding site (F) Asian corn
borer, Ostrinia furnacalis feeding on maize. Photographs by Saiful ZJ.

species. The pupa is brightly reddish-brown in colour (Figure 3A). It
measures between 13 to 18 mm in length and about 4.3 mm in width.
Pupation normally takes place in the soil where the 6th instar larva drops
off or travel down from the plant. However, we did discover a few pupae
specimens being suspended between the whorl during our sampling.
Emerging adults have a wingspan between 30 to 40 mm. The forewings of
females (Figure 3C) are dull, greyish brown and less distinctly marked in
comparison to forewings of the males (Figure 3B). Male moths on the
other hand possess a forewing which is generally brown, with distinct
white spots at the tip and centre of the wing (Figure 3B). For both sexes,
the hind wing is silvery and iridescent with a thin dark border.

Plant damage symptoms
Damage symptoms by the S. frugiperda were apparent on almost every
plant at the farm (Figure 4A). Most plant leaves are tattered with small
holes and “windowpanes” (Figure 4B). Symptoms of damage due to larvae
attack were also obvious on most part of the plant including the stalk,
whorl, tassel, ear and cob (Figure 4A–E). Feeding activities were also
confirmed by evidence of yellowish to brown frass around the feeding site
(Figure 4E). We attribute the damage of the leaves and stalk mainly to the
S. frugiperda. However, we did observe the larvae of the common Asian
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corn borer, Ostrinia furnacalis (Guenée, 1854) (Lepidoptera: Noctuidae)
co-infesting the cobs of maize on several occasions (approximately 13 cases)
(Figure 4F).

Spodoptera frugiperda incidence and severity
Spodoptera frugiperda was recorded in all zones at the Changlun Farm
during the survey (Table 1). While S. frugiperda incidence was recorded in
all zones, there was a slight variation in the severity score among the zones.
Severity was generally high with score ranging from 4.70 ± 0.07 in Zone A
(least severe) to 5.00 ± 0.00 in Zone B (most severe). The differences are
probably contributed to different planting dates between the zones in
which Zone B was planted much earlier than Zone A and C (in fact Zone B
was ready for harvest at the time of sampling). Damage was consistent on
all plant parts. Average larva count on the leaf/stem ranged from 2.70 ±
0.33 to 3.40 ± 0.50. In contrast, average larva count on the cob ranged from
2.20 ± 0.51 to 3.30 ± 0.40. Altogether, the highest number of larvae were
recorded in Zone B (6.00 ± 0.42) followed by Zone A (5.60 ± 0.69). Zone C
(5.20 ± 0.66) recorded the lowest number of larvae infesting the maize.

Discussion
Spodoptera frugiperda is a well-known polyphagous invasive insect known
for its destructive feeding. The pest is a nocturnal insect preferring to feed,
mate and fly at night (Schöfl et al. 2009; Rojas et al. 2004). The females lay
their eggs on the upper side of the leaf. The egg mass is normally covered
with a layer of whitish-grey hairy scales as an additional layer of protection
from egg parasitism or other environmental influences (Carneiro and
Fernandes 2012). Heavy rain on the first day of sampling may have washed
off the eggs from the leaves onto the ground as we only managed to sample
one cluster of S. frugiperda egg mass during the sampling. Unfortunately,
no larvae emerged from the collected cluster in our laboratory. It may be
possible that the eggs were not fertile or were parasitized by an egg parasitoid.
Further studies would need to be done to elucidate plausible reasons why
the S. frugiperda larvae did not emerge from the collected egg cluster. The
potential discovery of natural enemies such as parasitoid and predators
would greatly help the management of this serious pest sustainably. In
addition, further study on the impact of environmental factors (especially
precipitation) towards S. frugiperda population as the influence of such
factors remain understudied especially in this region where precipitation is
considerably high all year round.
Damage by the S. frugiperda larvae was substantially serious in the farm
with injury visible on all plant parts. Under normal circumstances, a single
plant may be infested by two to three larvae. We found at least three large
larvae on a plant indicating the significance of the S. frugiperda attack on
the farm. The nature of damage includes moist sawdust-like frass which
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was observed on the funnel and upper leaves. Larvae were found feeding
on leaf gregariously till the leaf becomes dry and subsequently move to
other leaf for feeding. Early symptoms of S. frugiperda infestation resemble
other stem borers damage with the likes of holes or “windowpane” on the
leaves emerging from the whorl similar to Deole and Paul (2018). Likewise,
the matured larvae digested large amounts of leaf tissue resulting in a
ragged appearance to the leaves similarly to grasshopper damage. These
larger larvae were then found to feed into the corn ear and seek shelter
from natural enemies and other environmental factors. The colour of
larger S. frugiperda larvae varied substantially from yellowish to greenish to
brownish while maintaining the unique characteristics of the species such
described previously in the morphological identification section. It was
recently established that the S. frugiperda occurs in two races: The R strain
which prefers to feed on rice and the C strain which favours maize, cotton
and sorghum (Gouin et al. 2017; Nagoshi et al. 2007). Both strains are
morphologically identical and can only be distinguished by molecular
techniques. Hence, there is an urgent need to apply molecular techniques.
Elucidating which strain is currently invading a rice-producer country
such as Malaysia would greatly help researchers and stakeholders to
develop appropriate management strategies.
In summary, S. frugiperda is undoubtedly a threat to the food security
and agricultural production in Malaysia. Currently, the impact has been
limited to maize but taking into consideration the polyphagous nature of
the S. frugiperda, there is a high risk of the pest invading other economically
important crops such as rice as well. We anticipate that both maize small
holders and large scale farmers will be affected by this pest. Interestingly, the
Changlun farmer applied various pesticides according to recommendations
by agricultural extension officers, but control was not effective as damage
incidence were still noticeable on every plant. The efficacy of chemical
control may have been limited by behaviour of the S. frugiperda larvae
which prefers to remain inside the maize whorl and cob, making it difficult
to reach the target with insecticidal sprays. The current practice where
farmers continuously rely on a pesticides with the same active ingredient is
not sustainable and may lead to the S. frugiperda developing resistance
towards these pesticides. Hence, urgent research, including studies focusing
on the management of this pest, assessment of the impact on maize yield,
early warning systems and biological control based Integrated Pest
Management (IPM) is therefore imperative.
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