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ABSTRACT

The fall armyworm (FAW), Spodoptera frugiperda, is a polyphagous pest that infest various plants.
This highly invasive pest is native to the American continent and has spread rapidly over 100
countries worldwide. Its rapid spread and ability to cause severe damage to various crops, especially
maize, pose a significant threat to food security, particularly in developing countries. Curative control
using chemical insecticides is the primary choice in most countries, especially in Africa and Asia.
However, dependence on chemical insecticides can have adverse effects on the environment and
humans and can lead to the development of resistance to these pests. Therefore, various efforts have
been made to develop effective, low-risk, and cost-efficient biocontrol measures. Entomopathogenic
nematodes (EPNs) are a viable and potential choice for the biological control of this pest. This
review compiles information on FAW, EPNs, and their developmental stages, focusing specifically
on the pathogenicity of EPNs against FAW. This contributes to Integrated Pest Management (IPM)
strategies addressing FAW infestations, which have caused severe maize crop losses in Malaysia

since their detection in 2019. The potential
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INTRODUCTION

The fall armyworm (FAW), Spodoptera frugiperda J.E. Smith (Lepidoptera: Noctuidae), is
an invasive pest threatening global crop production systems. This pest can cause up to a 70%
reduction in maize yield when crops are attacked early (Hruska, 2019). FAW infestations
cause significant damage to other crops, such as cotton, rice, soybeans, tomatoes, potatoes,
onions, beans, cabbages, sorghum, and a few pasture grass species (Day et al., 2017).
Spodoptera frugiperda was first reported in Malaysia in 2019 (International Plant Protection
Convention [[PPC], 2019; Jamil, Saranum, Saleh-Hudin et al., 2021). Since then, FAW
infestations have caused severe damage, with 50%—100% crop loss in maize fields in
Malaysia (Department of Agriculture [DOA], 2021; Jamil, Saranum, Mat et al., 2021).

Various preventive and curative approaches are being implemented to combat FAW
attacks on maize crops, particularly regular monitoring, pheromone traps, ultraviolet (UV)
light traps, agro-ecological methods, and the application of chemical and biopesticides
(DOA, 2021). Curative control using chemical insecticides remains the primary choice
for farmers. Reliance on chemical insecticides can adversely affect the environment and
humans and increase the risk of FAW developing resistance to these chemicals (Guo et
al., 2020). Entomopathogenic nematodes (EPNs) function similarly to entomopathogenic
fungi and bacteria in reducing or replacing chemical insecticides (Cuthbertson & Audsley,
2016). Several studies have evaluated the pathogenicity of EPNs as potential biological
control agents against FAW in laboratory and field environments. Therefore, this manuscript
discusses the biology of FAW and EPNs pathogenicity against it.

TAXONOMY, ORIGIN, AND DISTRIBUTION OF THE FALL ARMYWORM
(FAW), SPODOPTERA FRUGIPERDA
The fall armyworm (FAW) was initially named Phalaena frugiperda by Smith and Abbot
in 1797. It was later known as Laphygma frugiperda (Luginbill, 1928) and, since 1958, has
been referred to as Spodoptera frugiperda (European and Mediterranean Plant Protection
Organization [EPPO], 2024). There are two strains of S. frugiperda: corn and rice (Food
and Agriculture Organization of the United Nations & Plant Protection Division [FAO &
PPD], 2020). Both strains have similar morphology but differ in pheromone composition,
mating behaviors, and host plant selection (Dumas et al., 2015; FAO & PPD, 2020). The
corn strain of S. frugiperda prefers maize, cotton, and sorghum as host plants, whereas the
rice strain prefers rice and pasture grasses (Dumas et al., 2015). The two strains can be
differentiated using molecular markers, specifically polymorphism in the mitochondrial
cytochrome oxidase 1 (CO1) gene (Ke & Pashley, 1992; Nagoshi et al., 2012).
Spodoptera frugiperda originates from tropical and subtropical regions of the United
States (Luginbill, 1928; Rwomushana, 2019; Sparks, 1979). Spodoptera frugiperda has
spread to almost every part of the world except Europe and Antarctica (EPPO, 2024;
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Rwomushana, 2019). It was first recorded in Central and West Africa in early 2016 (Goergen
etal.,2016). By 2017, S. frugiperda had spread to all sub-Saharan African countries except
Lesotho (Food and Agriculture Organization of the United Nations [FAO], 2017). In 2018,
it was first found in the districts of Shivamogga and Navanagere in Karnataka, India
(Ganiger et al., 2018; Sharanabasappa et al., 2018; Shylesha et al., 2018). The following
year, S. frugiperda was recorded in Bangladesh, Myanmar, Sri Lanka, Thailand, Vietnam,
Indonesia, China, and Malaysia (Lamsal et al., 2020). Morphological and molecular
identification confirmed that pest samples from maize fields in Chuping, Perlis (near the
Malaysia-Thailand border) were S. frugiperda (IPPC, 2019). By early 2020, S. frugiperda
had been detected in all states of Malaysia (Jamil et al., 2021b).

BIOLOGY OF FALLARMYWORM (FAW), SPODOPTERA FRUGIPERDA

The ability of S. frugiperda to migrate and cause repeated attacks in both native and new
areas is facilitated by various biological traits such as strong flight capability, polyphagous
feeding habits, high fecundity, and significant ecological resilience (FAO & PPD, 2020;
Montezano et al., 2018). Spodoptera frugiperda has no diapause mechanism and cannot
survive in winter in northern parts of America, prompting migration to the warmer southern
regions (Rose et al., 1975). Low temperatures reduce flight speed and wingbeat frequency,
and the flight performance of S. frugiperda moths is abysmal at 10°C (Ge et al., 2021).
Nocturnal in nature, S. frugiperda moths can fly up to 100 km overnight (Assefa & Ayalew,
2019; Johnson, 1987; Sparks, 1979). Ge et al. (2021) found that 84% of S. frugiperda moths
flew more than 40 km, covering a total distance of 163.58 km over five days. Spodoptera
frugiperda undergoes complete metamorphosis, transitioning through egg, larval, pupal,
and adult stages. The development of S. frugiperda depends on the larval food source, as
in Table 1 and Table 2.

Tables 1 and 2 comprehensively compare various parameters related to the biology and
development of S. frugiperda (fall armyworm) across different host plants and conditions.
These parameters include fecundity, egg incubation, larval and pupal periods, adult
emergence, and longevity. The data is derived from multiple studies conducted in different
countries. The highest fecundity is observed on an artificial corn-based diet (1746.3 eggs/
female), while the lowest is recorded on sorghum (106.44 eggs/female). However, the
absence of data on several parameters for this diet (pupation percentage, adult emergence)
leaves gaps in fully understanding its effects. Among natural plants, maize variants (fodder
maize, field maize, sweet maize) generally support higher fecundity and faster development
compared to other crops like sorghum and rice, which suggests that maize could be a more
suitable host for S. frugiperda. The larval period ranges from 10.83 days on sweet maize to
21.28 days on sunn hemp, indicating that the host plant choice significantly affects the time
required for larval development. Pupal periods also vary, with some values not provided
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(No data, ND) for several plants. However, available data shows the shortest pupal period
on rice leaves (7.03 days for males) and the longest on corn var. NK 6410 (7.98 days for
males). The total life cycle period spans from 24.58 days on corn var. Macho F1 to 48.61
days on rice leaves, reflecting the host plant’s impact on the overall development speed of
S. frugiperda. The data in Tables 1 and 2 underscores the significant effect of host plants
on the biological traits of S. frugiperda. This variability is crucial for understanding the
pest’s adaptability and developing targeted management strategies.

DAMAGE AND LOSSES DUE TO FAW LARVAE INFESTATION IN MAIZE
FIELD

Larvae of S. frugiperda, particularly from the third to the sixth instar, have caused more
than 70% damage to corn crops (Assefa & Ayalew, 2019). Spodoptera frugiperda attacks
reported in maize fields in Nicaragua, Central America, have resulted in yield losses
ranging from 15% to 73%, with an attack rate of 55% to 100% (Hruska & Gould, 1997).
Fall armyworm (FAW) larvae attacks in Ghana, Zambia, and Cameroon have caused crop
yield losses ranging from 0.3 to 20.5 million tons, valued at US$0.1 to 6.2 billion (Day et
al., 2017). In Malaysia, S. frugiperda infestations have caused severe attacks (100%) in
maize fields in Changlun, Kedah, severely damaging all parts of the corn plants (Jamil,
Saranum, Saleh-Hudin et al., 2021). Maize fields affected by S. frugiperda attacks covered
an area of 246.35 hectares, with an infestation severity percentage ranging from 50% to
100% (IPPC, 2019).

CONTROL AND MANAGEMENT OF FALLARMYWORM (FAW),
SPODOPTERA FRUGIPERDA
Regular monitoring and early detection are vital in managing and controlling infestations
of S. frugiperda to prevent economic damage to crops (Assefa & Ayalew, 2019). For
infestations with less than 5% of seedlings or 20% of corn plants under 30 days old, curative
control using chemical insecticides is recommended (EPPO, 2024). The economic threshold
level (ETL) for this pest in hybrid maize and sorghum crops is 1.8-2.5 larvae/10 plants and
1-2 larvae/plant, respectively (Jaramillo-Barrios et al., 2020; Pitre, 1985). Meanwhile, the
economic injury level (EIL) on maize is 14%, 21%, 23%, 26%, and 50% infestation by
S. frugiperda at 2, 3, 4, 5, and 6 weeks after crop germination (Evans & Stansly, 1990).
Chemical insecticides are the primary method to control S. frugiperda larvae in the
Americas and Africa (Otim et al., 2021). Commonly used active ingredients include
Emamectin benzoate, Chlorantraniliprole, Spinetoram, Diamides, Avermectin, Spinosad,
and Indoxacarb (Bird et al., 2022; Otim et al., 2021; Sarkowi & Mokhtar, 2021). Reliance
on chemical control strategies on a global scale for several decades has led to resistance in
S. frugiperda to at least 29 active ingredients across six mode-of-action groups (Bird et al.,
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2022). Within Integrated Pest Management (IPM), chemical insecticides are considered a
last resort to curb crop pest infestations (Day et al., 2017).

Biological control, mainly using microbes such as bacteria, fungi, viruses, and
entomopathogenic nematodes, has also been employed to manage S. fiugiperda infestations
(Guo et al., 2020). Bacillus thuringiensis causes 61%—87% larval mortality in the field and
100% in the laboratory (Liu et al., 2019). Spraying nucleopolyhedrovirus (NPV) in maize
fields has resulted in 93.4% larval mortality of S. frugiperda (Cruz et al., 1997). Using a
combination of viruses, such as S. frugiperda multiple nucleopolyhedroviruses (SfMNPV)
and S. frugiperda granulovirus (SfGV), can enhance virus efficacy and help delay resistance
evolution (Hussain et al., 2021). The use of entomopathogenic fungi such as Beauveria
bassiana and Metarhizium anisopliae has been reported to cause 64.3% and 67.8% larval
mortality of S. fiugiperda in the laboratory (Ramanujam et al., 2020).

ENTOMOPATHOGENIC NEMATODES (EPN) AND THEIR SYMBIOTIC
BACTERIA

Entomopathogenic nematodes (EPNs) are a group of nematodes that infect and kill insects.
Entomopathogenic nematodes (EPNs) reside in the soil and are obligate parasites from
the Phylum Nematoda (Gozel & Gozel, 2016). The first EPN, identified as Aplectana
kraussei (now known as Steinernema kraussei), was described by Steiner in 1923 (Poinar
& Grewal, 2012). Steinernematidae comprises two genera, Steinernema (with more than
50 species) and Neosteinernema (one species: Neosteinernema longicurvicauda). The
family Heterorhabditidae is monotypic, containing only one genus, Heterorhabditis, with
one species, Heterorhabditis bacteriophora (Gozel & Gozel, 2016; Stock & Blair, 2008).
Poinar (1976) described the first Heterorhabditis in 1976. Hunt and Nguyen (2016) reported
that by the end of 2015, 95 species of Steinernema and 16 species of Heterorhabditis had
been identified. Entomopathogenic nematode (EPN) species identification is based on
morphological and morphometric data comparisons and cross-breeding tests (Gaugler,
2002). Diagnostic methods like Polymerase Chain Reaction (PCR), PCR-RFLP, and
Random Amplified Polymorphic DNA (RAPD) are employed to identify EPN species
based on dioxyribonucleic acid (DNA) sequence comparisons (Caoili et al., 2018; Stock
& Blair, 2008). Two families are widely used as effective biological control agents for
managing pests above and below the soil: Steinernematidae and Heterorhabditidae (Kaya
et al., 2006; Vashisth et al., 2015).

Entomopathogenic nematodes (EPNs) are capable of infecting and thriving within a
wide range of insects, completing their life cycle in species from orders such as Lepidoptera,
Coleoptera, Orthoptera, Diptera, Thysanoptera, and Siphonaptera (Piiza & Mracek 2010).
The life cycle of EPNs begins with the third stage, infective juvenile (1J), which is free-
living in the soil, capable of infecting the target host, and the only stage found outside the
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host. Entomopathogenic nematodes (EPNs) in the soil detect target hosts by responding
to carbon dioxide, vibrations, chemical signals/stimuli, or sensing the physical structure
of the insect’s integument (Gaugler, 2002). The life cycle of EPN is shown in Figure 1.
Entomopathogenic nematodes (EPNs) are associated with symbiotic bacteria from the
family Enterobacteriaceae. Steinernematidae is associated with symbiotic bacteria from
the genus Xenorhabdus, while Heterorhabditidae is associated with symbiotic bacteria
from the genus Photorhabdus (Gozel & Gozel, 2016; Vashisth et al., 2013). Symbiotic
bacteria, Xenorhabdus and Photorhabdus, kill the insect host quickly, create a suitable
environment for EPN reproduction, produce antibiotics and secondary metabolites that
inhibit the growth of other microorganisms, and convert host tissue into food (Forst &
Nealson, 1996). In exchange, EPNs provide protection and access to the host insect’s
hemolymph (Vashisth et al., 2013).

Infective juveniles (IJs)
leave insect cadaver ~J

Mature infective juveniles (lJs)

Nematodes release the
symbiotic bacteria, killing and Infective juveniles (IJs) infect
reproducing inside the host insect host

Figure 1. Illustration of the life cycle of entomopathogenic nematodes on insect host. (A) Mature infective
juveniles (1J3) find a host in the soil. (B) Infective juveniles (IJs) enter the host via the mouth, anus, and
spiracle opening. (C-D) Infective juveniles (IJs) infect and release symbiotic bacteria to elude the host
immune system and kill the host. Both species (nematode and symbiotic bacteria) reproduce using the
cadaver’s nutrients; when the nutrients are impoverished, the two creatures recombine and enter the soil
to restart the cycle

BIOLOGICAL CONTROL OF FALLARMYWORM (FAW), SPODOPTERA
FRUGIPERDA USING ENTOMOPATHOGENIC NEMATODES (EPN)
Researchers from different countries have conducted various studies on the pathogenicity
of entomopathogenic nematodes against S. frugiperda (Guo et al., 2020). Rodriguez-
Zamora (2019) reported that the entomopathogenic nematode (EPN), Heterorhabditis
bacteriophora, caused 65% mortality in S. frugiperda larvae in the laboratory within 48
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hours. Heterorhabditis bacteriophora also caused 92% and 80% mortality in pre-pupae
and pupae of S. frugiperda, respectively (Alonso & Mejia, 2018). Meka et al. (2020) stated
that the highest larval mortality of S. firugiperda, 100%, occurred when infected with
Steinernema glaseri at a concentration of 2000 IJs/plate, followed by 95% at 1000 1Js/
plate after 96 hours of inoculation. Due to the high pathogenicity of insect hosts, various
EPN species have been studied for their potential as biological control agents against S.
frugiperda (Table 3).

The studies presented in Table 3 are a comprehensive summary of various studies
investigating the effectiveness of different entomopathogenic nematode (EPN) species against
the fall armyworm (FAW), Spodoptera frugiperda, under various conditions, including
laboratories, fields, greenhouses, and across different countries. A variety of EPN species, such
as Steinernema sp., Heterorhabditis indica, S. carpocapsae, and others, were tested against
different developmental stages of FAW larvae (third instar, sixth instar, pre-pupae, and pupae).
The concentrations of EPNs used in these studies varied significantly, ranging from as low
as five infective juveniles (1Js) per larva to as high as 50,000 IJs per plant in field trials. The
duration of exposure also differed across studies, from as short as 14 hours to as long as 25
days. The results indicate that the effectiveness of EPNs in causing mortality in FAW larvae
is highly dependent on the EPN species, concentration, and environmental conditions. For
instance, Steinernema sp. and Heterorhabditis sp. showed a mortality rate of 100% in certain
laboratory conditions. Studies with combinations of EPNs and other biocontrol agents, like
Metarhizium anisopliae or insecticides, demonstrated varying levels of success, highlighting
the potential for integrated pest management approaches.

Species of entomopathogenic nematodes (EPNs) outperform others under certain
conditions due to biological, ecological, and environmental factors. Based on the
provided data (Table 3), the key reasons are symbiotic bacteria efficacy, host stage
suitability, application techniques, synergistic combinations, and speed of host mortality.
Entomopathogenic nematodes (EPNs) are closely associated with specific symbiotic
bacteria, such as Photorhabdus in Heterorhabditis and Xenorhabdus in Steinernema. The
virulence of these bacteria varies, affecting the speed and efficiency of killing the host insect
(Owuama, 2001). Different EPN species more effectively target specific developmental
stages of the FAW. For instance, Steinernema carpocapsae showed 100% mortality in
second and third-instar larvae, whereas higher doses of Heterorhabditis bacteriophora
were required for similar effects on pre-pupae and pupae. The concentration of infective
juveniles (1Js) and delivery methods significantly impact outcomes. Higher concentrations,
such as 2000 1Js per plate for Steinernema glaseri, result in more excellent mortality rates
than lower doses. Moreover, species like S. carpocapsae are known for rapid action due to
their ambush strategy, while others, like H. bacteriophora, adopt a more cruising approach,
affecting their performance under specific conditions (Stock & Blair, 2008).
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Overall, the studies summarized in Table 3 illustrate the potential of EPNs as biocontrol
agents against FAW, with varying degrees of success influenced by multiple factors. The
data suggest that laboratory conditions often yield higher mortality rates, while field
applications may require combination treatments and further optimization to achieve
consistent results. The table also underscores the global research interest in EPNs, with
studies conducted across different continents emphasizing the universal challenge posed
by FAW and the widespread efforts to manage this pest.

ENTOMOPATHOGENIC NEMATODES (EPN) AS BIOPESTICIDES AND
THEIR APPLICATION IN INTEGRATED PEST MANAGEMENT (IPM)
Countries that have commercialized EPN as biopesticides include Sanoplant (Switzerland),
Helix (Canada), ORTHO Biosafe USA (United States), Koppert (Netherlands), and
BASF (Germany). Entomopathogenic nematode (EPN) can be stored and produced in
large quantities in vivo and in vitro (Shapiro-llan et al., 2012). At least 13 species of
Steinernematidae and Heterorhabditidae have been commercialized for pest control
(Shapiro-Ilan et al., 2016). In the laboratory, EPN can be inoculated onto insect hosts
using Petri dishes and filter papers with a minimum concentration of EPN before being
transferred to White Traps for in vivo collection (Shapiro-Ilan et al., 2012). However,
mass production of EPN can be carried out in vitro using solid or liquid culture media
(McMullen & Stock, 2014). The in vitro liquid method is the most cost-effective way to
produce nematodes, followed by the in vitro solid method. In contrast, the in vivo method is
the least economical. While in vitro techniques allow for large-scale, affordable production
ideal for treating vast field areas to control crop pests, the in vivo method is more costly. It
produces nematodes in smaller quantities, making it better suited for nursery soil treatments
or small plots (Askary & Ahmad, 2017).

Mass production of EPN allows for the creation of biopesticide products. EPN
formulation occurs when the active ingredient (EPN) combines several materials, such as
sunscreens, additives, and carriers. Entomopathogenic nematode (EPN) biopesticides can
be produced as aqueous solutions, synthetic sponges, gels, and clay powders to facilitate
storage and transportation (Cruz-Martinez et al., 2017). Since EPNs are sensitive to
ultraviolet (UV) radiation, EPN sprays should be done in the late afternoon (Negrisoli et
al., 2010).

Entomopathogenic nematodes (EPNs) are critical components of integrated pest
management (IPM) systems and have practical applications in managing fall armyworms
(FAW) and other agricultural pests. These essential applications include EPNs being an
eco-friendly replacement for chemical insecticides; they fit the IPM principle of minimizing
chemical inputs while maintaining effective pest control (Day, 2017). Combining EPNs with
biopesticides such as Metarhizium anisopliae or Bacillus thuringiensis (Bt) could increase
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mortality rates and broaden the pest control spectrum (Bissiwu, 2016). Entomopathogenic
nematodes (EPNs) can also be applied alongside cultural control practices like pheromone
traps or crop rotation, creating a multi-layered pest management strategy. EPNs are effective
against various FAW life stages, including larvae, pre-pupae, and pupae (Table 3). This
capability makes them versatile IPM components capable of reducing pest populations
at multiple points in their lifecycle. Unlike chemical insecticides, EPNs do not induce
resistance in pests. This characteristic makes them valuable in IPM, which aims to
sustain long-term pest suppression without escalating resistance risks. Entomopathogenic
nematodes (EPNs) can be applied using standard agricultural equipment, either as soil
treatments or foliar sprays, making them easy to integrate into existing farming practices
(Shapiro-Ilan et al., 2012).

CONCLUSION

Based on the review of various articles, thesis, and books regarding the pathogenicity of
EPNs and their symbiotic bacteria against the fall armyworm (FAW), S. frugiperda, there is
potential for EPN (either local isolates or imported) to be developed as effective biological
control agents in Malaysia. This manuscript highlights significant gaps and underexplored
aspects in applying EPNs as biocontrol agents for managing FAW Spodoptera frugiperda
in Malaysia and beyond. The key contributions are field-level efficacy, environmental
constraints, local adaptation, and EPN formulations. The need for extensive field-based
studies on EPN pathogenicity against FAW is identified. Environmental factors like UV
radiation, soil composition, and moisture levels can significantly affect EPN efficacy.
Developing formulations or application strategies to overcome these challenges is crucial.
Moreover, research on identifying and testing local EPNs is essential as local EPN
isolates in Malaysia suggest that locally adapted species may perform better in Malaysia’s
environment.

Using EPNs as biological control agents in Malaysia will significantly affect
the country’s agricultural landscape and policy frameworks. Potential impacts and
considerations include reducing chemical dependency, increasing food sustainability,
and improving yield protection. Although biopesticides’ initial costs may be higher than
traditional pesticides, long-term savings through reduced pest resistance and ecosystem
restoration can make EPNs economically viable. Nevertheless, promoting EPN-based
products could spur local industries into biopesticide manufacturing, reducing reliance on
imports and creating jobs. Besides, research into native species can optimize efficacy and
reduce dependency on imported strains. Expanding field-level research will demonstrate
EPN’s effectiveness to farmers, increasing adoption rates. Policies promoting the adoption
of EPNs, such as subsidies for biopesticides or incentives for sustainable practices, could
accelerate their integration into pest management strategies. Training and awareness
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programs that educate farmers about EPNs, including their benefits and application
methods, are critical to overcoming resistance to adopting new practices. Adopting EPNs
in Malaysia could revolutionize pest management practices, enhance sustainability,
and reduce reliance on chemical solutions. These benefits align with national priorities,
including environmental conservation, agricultural productivity, and food security, while
fostering innovation and policy evolution in the agricultural sector.

Therefore, future research should prioritize formulating EPNs, IPM approaches,
combining biocontrol measures with sustainable agricultural practices to enhance efficiency
and minimize environmental impact. Government agencies and local and international
organizations also play a role in providing knowledge and advisory services. Policies such
as providing biopesticide subsidies to farmers should be established to encourage the use
of biopesticides.

ACKNOWLEDGEMENTS

We thank the Ministry of Higher Education Malaysia and Universiti Kebangsaan Malaysia
(UKM) for sponsoring the FRGS/1/2019/STG03/UKM/02/8 research grant.

REFERENCES

Aarthi-Helen, P., Tamboli, N., Kulkarni, S., More, S., & Kumbhar, J. (2021). Biology of fall armyworm
Spodoptera frugiperda (J.E. Smith) on maize under laboratory conditions. Journal of Entomology and
Zoology Studies, 9(3), 125-127.

Acharya, R., Hwang, H. S., Mostafiz, M. M., Yu, Y. S., & Lee, K. Y. (2020). Susceptibility of various
developmental stages of the fall armyworm, Spodoptera frugiperda to entomopathogenic nematodes.
Insects, 11, 868. https://doi.org/10.3390/insects11120868

Agravante, A. S., Alviar, K. B., Ramirez, A. H. M., & Yap, S. A. (2023). Biology of Spodoptera frugiperda
(J.E. Smith) (Lepidoptera: Noctuidae) on rice and different corn varieties. Philipp Agric Scientist, 106(1),
1-6. https://doi.org/10.62550/J2118021

Alonso, A. A. A., & Mejia, M. R. N. (2018). Efecto de tres concentraciones de Heterorhabditis bacteriophora
Poinar en la mortalidad de prepupas y pupas de Spodoptera frugiperda en laboratorio e invernadero
[Effect of three concentrations of Heterorhabditis bacteriophora Poinar on the mortality of pre-pupae
and pupae of Spodoptera frugiperda in the laboratory and greenhouse]. [Professional Degree’s thesis,
Universidad Nacional De Trujillo]. Semantic Scholar. https://www.semanticscholar.org/author/A.-
Alonso/37712761?q=Spodoptera frugiperda&sort=influence

Andalo, V., Santos, V., Moreira, G. F., Moreira, C. C., & Junior, A. M. (2010). Evaluation of entomopathogenic
nematodes under laboratory and greenhouse conditions for the control of Spodoptera frugiperda. Ciencia
Rural, 40(9), 1860-1866. https://doi.org/10.1590/s0103-84782010005000151

Andald, V., Santos, V., Moreira, G. F., Moreira, C. C., Freire, M., & Moino, A. (2012). Movement of
Heterorhabditis amazonensis and Steinernema arenarium in search of corn fall armyworm larvae in
artificial conditions. Scientia Agricola, 69(3),226-230. https://doi.org/10.1590/S0103-90162012000300008

964 Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025)



Entomopathogenic Nematodes for FAW Control

Askary, T. H. & Ahmad, M. J. (2017). Entomopathogenic nematodes: Mass production, formulation
and application. In M. M. M. Abd-Elgawad, T. H. Askary & J. Coupland (Eds.), Biocontrol agents:
Entomopathogenic and slug parasitic nematodes (pp. 261-286). CABI Publishing.

Assefa, F., & Ayalew, D. (2019). Status of fall armyworm (Spodoptera frugiperda), biology and control
measures on maize crop in Ethiopia: A review. International Journal of Entomological Research, 5,
1641902. https://doi.org/https://doi.org/10.1080/23311932.2019.1641902

Bankar, D. R., & Bhamare, V. K. (2023a). Biology and life-fecundity table of invasive fall armyworm,
Spodoptera frugiperda (J.E. Smith) on maize and sorghum. Indian Journal of Ecology, 50(6), 2055-2060.
https://doi.org/10.55362/1JE/2023/4174

Bankar, D. R., & Bhamare, V. K. (2023b). Comparative biology, life tables, and intrinsic rate of increase of
Spodoptera frugiperda (J. E. Smith) reared on pearl millet and sugarcane. Journal of Entomological
Research, 47, 866-870.

Bird, L., Miles, M., Quade, A., & Spafford, H. (2022). Insecticide resistance in Australian Spodoptera frugiperda
(J.E. Smith) and development of testing procedures for resistance surveillance. Plos One, 17(2), ¢0263677.
https://doi.org/10.1371/journal.pone.0263677

Bissiwu, P., & Pérez, M. J. (2016). Control efficacy of Spodoptera frugiperda using the entomopathogens
Heterorhabditis bacteriophora and Metarhizium anisopliae with insecticide mixtures in corn. [Degree’s
thesis, EARTH University]. Repositorio EARTH. https://repositorio.earth.ac.cr/handle/UEARTH/588

Caccia, M. G., Del Valle, E., Doucet, M. E., & Lax, P. (2014). Susceptibility of Spodoptera frugiperda and
Helicoverpa gelotopoeon (Lepidoptera: Noctuidae) to the entomopathogenic nematode Steinernema
diaprepesi (Rhabditida: Steinernematidae) under laboratory conditions. Chilean Journal of Agricultural
Research, 74(1), 123-126. doi:10.4067/S0718-58392014000100019

Caoili, B. L., Latina, R. A., Sandoval, R. F. C., & Orajay, J. I. (2018). Molecular identification of
entomopathogenic nematode isolates from the Philippines and their biological control potential
against Lepidopteran pests of corn. Journal of Nematology, 50(2), 99-110. https://doi.org/10.21307/
jofnem-2018-024

Chen, W. H., Itza, B., Kafle, L., & Chang, T. Y. (2023). Life table study of fall armyworm (Spodoptera
frugiperda) (Lepidoptera: Noctuidae) on three host plants under laboratory conditions. Insects, 14, 329.
https://doi.org/https://doi.org/10.3390/ insects 14040329

Chen, Y., Long, H., Jin, T., Peng, Z., Sun, Y., & Feng, T. (2023). Potential of entomopathogenic nematode
HbSD as a candidate biocontrol agent against Spodoptera frugiperda. Insects, 14, 2. https://doi.org/https://
doi.org/ 10.3390/insects14010002

Cruz, L., Figueiredo, M. L., Valicente, F. H., & Oliveira, A. C. (1997) Application rate trials with a nuclear
polyhedrosis virus to control Spodoptera frugiperda (Smith) on maize. Anais da Sociedade Entomolo ‘gica
do Brasil, 26, 145-152. https://doi.org/10.1590/S0301-80591997000100019

Cruz-Martinez, H., Ruiz-Vega, J., Matadamas-Ortiz, P. T., Cortés-Martinez, C. 1., & Rosas-Diaz, J. (2017).
Formulation of entomopathogenic nematodes for crop pest control: A review. Plant Protection Science,
53(1), 15-24. https://doi.org/10.17221/35/2016-PPS

Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025) 965



Siti Noor Aishikin Abdul-Hamid, Wan Nurashikin-Khairuddin, Razean Haireen Mohd. Razali and Johari Jalinas

Cuthbertson, A. G. S., & Audsley, N. (2016). Further screening of entomopathogenic fungi and nematodes as
control agents for Drosophila suzukii. Insects, 7, 24. https://doi.org/10.3390/insects 7020024

Day, R., Abrahams, P., Bateman, M., Beale, T., Clottey, V., Cock, M., & Witt, A. (2017). Fall armyworm: Impacts
and implications for Africa. Outlooks on Pest Management, 28(5), 196-201. https://doi.org/10.1564/
v28 oct 02

Department of Agriculture. (2021). Pelan tindakan kawalan ulat ratus fall armyworm (FAW) [Action plan
for controlling fall armyworm (FAW)]. DOA Malaysia. https://www.doa.gov.my/doa/resources/aktiviti_
sumber/sumber_awam/penerbitan/buku/pelan_tindakan kawalan ulat ratus faw.pdf

Dumas, P., Legeai, F., Lemaitre, C., Scaon, E., Orsucci, M., Labadie, K., & D’Alencon, E. (2015). Spodoptera
frugiperda (Lepidoptera: Noctuidae) host-plant variants: Two host strains or two distinct species? Genetica,
143, 305-316. https://doi.org/10.1007/s10709-015-9829-2

Duza, G. M., Latina, R. A., Yap, S. A., Dalisay, T. U., Pinili, M. S., & Caoili, B. L. (2024). Virulence of
Philippine entomopathogenic nematode isolates against strains of fall armyworm, Spodoptera frugiperda
(J.E. Smith) (Lepidoptera: Noctuidae). Journal of Plant Diseases and Protection, 131, 459-464. https://
doi.org/10.1007/s41348-024-00877-2

European and Mediterranean Plant Protection Organization. (2024). Spodoptera frugiperda: EPPO datasheets
on pests recommended for regulation. https://gd.eppo.int/taxon/LAPHFR

Evans, D. C. & Stansly, P. A. (1990). Weekly economic injury levels for fall armyworm (Lepidoptera: Noctuidae)
infestation of corn in lowland Ecuador. Journal of Economic Entomology, 83(6), 2452-2454. https://doi.
org/10.1093/jee/83.6.2452

Fallet, P., Bazagwira, D., Guanet, J. M., Bustos-segura, C., Karangwa, P., Mukundwa, 1. P., Kajuga, J.,
Degen, T., Toepfer, S., & Turlings, T. C. J. (2022). Laboratory and field trials reveal the potential of a
gel formulation of entomopathogenic nematodes for the biological control of fall armyworm caterpillars
(Spodoptera frugiperda). Biological Control, 176, 105086. https://doi.org/https://doi.org/10.1016/j.
biocontrol.2022.105086

Fallet, P., Bazagwira, D., Ruzzante, L., Ingabire, G., Levivier, S., Bustos-Segura, C., Kajuga, J., Toepfer, S.,
& Turlings, T. C. J. (2024). Entomopathogenic nematodes as an effective and sustainable alternative to
control the fall armyworm in Africa. PNAS Nexus, 3, 122. https://doi.org/10.1093/pnasnexus/pgae122

Food and Agriculture Organization of the United Nations. (2017). FAO advisory note on fall armyworm (FAW)
in Africa. https://openknowledge.fao.org/handle/20.500.14283/i7470en

Food and Agriculture Organization of the United Nations & Plant Protection Division. (2020). Manual on
integrated fall armyworm management. https://doi.org/10.4060/ca9688en

Forst, S., & Nealson, K. (1996). Molecular biology of the symbiotic-pathogenic bacteria Xenorhabdus spp. and
Photorhabdus spp. Microbiological Reviews, 60(1), 21-43. https://doi.org/10.1128/mr.60.1.21-43.1996

Ganiger, P. C., Yeshwanth, H. M., Muralimohan, K., Vinay, N., Kumar, A. R. V., & Chandrashekara, K. (2018).
Occurrence of the new invasive pest, fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae), in the maize fields of Karnataka, India. Current Science, 115(4), 621-623. https://doi.
org/10.18520/cs/v115/i4/621-623

966 Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025)



Entomopathogenic Nematodes for FAW Control

Garcia, L. C., Raetano, C. G., & Leite, L. G. (2008). Application technology for the entomopathogenic nematodes
Heterorhabditis indica and Steinernema sp. (Rhabditida: Heterorhabditidae and Steinernematidae) to
control Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae) in corn. Neotropical Entomology, 37(3),
305-311. https://doi.org/10.1590/S1519-566X2008000300010

Gaugler, R. (Ed.) (2002). Entomopathogenic nematology. CABI Publishing. https://www.cabidigitallibrary.
org/doi/book/10.1079/9780851995670.0000

Ge, S.S.,He, L., He, W., Yan, R., Wyckhuys, K. A. G., & Wu, K.M. (2021). Laboratory-based flight performance
of'the fall armyworm, Spodoptera frugiperda. Journal of Integrative Agriculture, 20(3), 707-714. https://
doi.org/10.1016/S2095-3119(20)63166-5

Goergen, G., Kumar, P. L., Sankung, S. B., Togola, A., & Tamo, M. (2016). First report of outbreaks of the
fall armyworm Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), a new alien invasive pest
in West and Central Africa. PLoS ONE, 11(10), €0165632. https://doi.org/10.1371/journal.pone.0165632

Gozel, U., & Gozel, C. (2016). Entomopathogenic nematodes in pest Management. In H. Gill & Goyal (Eds.),
Integrated pest management (IPM): Environmentally sound pest management (pp. 55-69). IntechOpen.
http://doi.org/10.5772/63894

Guo, J., Wu, S., Zhang, F., Huang, C., He, K., Babendreier, D., & Wang, Z. (2020). Prospects for microbial
control of the fall armyworm Spodoptera frugiperda: A review. BioControl, 65, 647-662. https://doi.
org/10.1007/s10526-020-10031-0

Hade, W. S., Djamilah, & Priyatiningsih. (2020). Entomopatogen nematode exploration and virulency against
Spodoptera frugiperda J.E Smith. Agritropica: Journal of Agricultural Science, 3(2), 70-81. https://doi.
org/10.31186/Jagritropica.3.2.70-81

Hong, S., Titayavan, M., Intanon, S., & Thepkusol, P. (2022). Biology and life-table parameters of fall
armyworm, Spodoptera frugiperda on three maize cultivars grown in Thailand. Chiang Mai University
Journal of Natural Sciences, 21(1), €2022001.

Hruska, A. J., & Gould, F. (1997). Fall armyworm (Lepidoptera: Noctuidae) and Diatraea lineolata
(Lepidoptera: Pyralidae): Impact of larval population level and temporal occurrence on maize yield in
Nicaragua. Journal of Economic Entomology, 90(2), 611-622. https://doi.org/10.1093/jee/90.2.611

Hruska, A. J. (2019). Fall armyworm (Spodoptera frugiperda) management by smallholders. CAB Reviews,
14(043), 1-11. https://doi.org/10.1079/PAVSNNR201914043

Hunt, D. J., & Nguyen, K. B. (2016). Advances in entomopathogenic nematode taxonomy and phylogeny. Brill
Leiden-Boston. https://doi.org/10.1163/9789004285347

Huot, L., George, S., Girard, P. A., Severac, D., Négre, N., & Duvic, B. (2019). Spodoptera frugiperda
transcriptional response to infestation by Steinernema carpocapsae. Scientific Reports, 9, 12879. https://
doi.org/10.1038/s41598-019-49410-8

Hussain, A. G., Wennmann, J. T., Goergen, G., Bryon, A., & Ros, V. 1. D. (2021). Viruses of the fall armyworm
Spodoptera frugiperda: A review with prospects for biological control. Viruses, 13, 2220. https://doi.
org/10.3390/v13112220

Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025) 967



Siti Noor Aishikin Abdul-Hamid, Wan Nurashikin-Khairuddin, Razean Haireen Mohd. Razali and Johari Jalinas

International Plant Protection Convention. (2019). Report on new pest: Fall armyworm in Malaysia. www.
ippc.int/static/media/files/pestreport/2019/12/06/2.1 _VI_Report FAW .pd

Jamil, S. Z., Saranum, M. M., Saleh-Hudin, L. J., & Wan-Ali, W. K. A. (2021). First incidence of the invasive
fall armyworm, Spodoptera frugiperda (J.E. Smith, 1797) attacking maize in Malaysia. Biolnvasions
Records, 10(1), 81-90. https://doi.org/10.3391/bir.2021. 10.1.10

Jamil, S. Z., Saranum, M. M., Mat, M., Saleh-Huddin, L. J., Muhammad-Rapidi, M. Z., Mohd-Nor, M. F., &
Keshavla, J. P. (2021). Field status, damage symptoms, and potential natural enemies of the invasive fall
armyworm, Spodoptera frugiperda (J.E Smith) in Malaysia. Serangga, 26(2), 226-244.

Jaramillo-Barrios, C. 1., Varén-Devia, E. H., & Monje-Andrade, B. (2020). Economic injury level and
action thresholds for Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) in maize crops.
Revista Facultad Nacional de Agronomia Medellin, 73(1), 9065-9076. https://doi.org/10.15446/rfham.
v73n1.78824

Johnson, S. J. (1987). Migration and the life history strategy of the fall armyworm, Spodoptera frugiperda in
the western hemisphere. International Journal of Tropical Insect Science, 8(4-5—6), 543-549. https://doi.
org/10.1017/s1742758400022591

Kaya, H. K., Aguillera, M. M., Alumai, A., Choo, H. Y., de la Torre, M., Fodor, A., & Ehlers, R. U. (2006).
Status of entomopathogenic nematodes and their symbiotic bacteria from selected countries or regions
of the world. Biological Control, 38, 134-155.

Ke, L. D., & Pashley, D. P. (1992). Characterization of fall armyworm mitochondrial DNA (Lepidoptera:
Noctuidae). Archives of Insect Biochemistry and Physiology, 21, 263-269. https://doi.org/10.1002/
arch.940210403

Lamsal, S., Sibi, S., & Yadav, S. (2020). Fall armyworm in South Asia: Threat and management. Asian Journal
of Advances in Agricultural Research, 13(3), 21-34. https://doi.org/10.9734/AJAAR/2020/v131330106

Liu, H. M., Hu, X., Wang, Y. L., Yang, P. Y., Shu, C. L., Zhu, X. M., Zhang, J., Sun, G. Z., Zhang, X. M., & Li,
Q. (2019). Screening for Bacillus thuringiensis strains with high toxicity against Spodoptera frugiperda.
Chinese Journal of Biological Control, 35, 721-728.

Luginbill, P. (1928). The fall armyworm. USDA Technical Bulletin, (34), 1-92.

Mabharani, Y., Puspitaningrum, D., Istifadah, N., Hidayat, S., & Ismail, A. (2021). Biology and life table of fall
armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) on maize and rice. Serangga,
26(4), 161-174.

McMullen, J. G., & Stock, S. P. (2014). In vivo and in vitro rearing of entomopathogenic nematodes
(Steinernematidae and Heterorhabditidae). Journal of Visualized Experiments, 91, ¢52096. https://doi.
org/10.3791/52096

Meka, M., Anita, B., Vetrivelkalai, P., & Muthukrishnan, N. (2020). Infectivity of entomopathogenic nematode,
Steinernema glaseri on fall armyworm (FAW), Spodoptera frugiperda (Smith, 1797) in Maize (Zea mays).
Journal of Entomology and Zoology Studies, 8(6), 1023-1028. https://doi.org/10.22271/j.ent0.2020.
v8.16n.7971

968 Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025)



Entomopathogenic Nematodes for FAW Control

Mohamed, H. O., Dahi, H. F., Awad, A. A., Gamil, W. E., & Fahmy, B. F. (2023). Damage symptoms,
development, and reproductive performance of the fall armyworm, Spodoptera frugiperda (J.E. Smith)
(Lepidoptera: Noctuidae) on fodder maize and cob. Academia Biology, 1(1), 1-9. https://doi.org/10.20935/
AcadBiol6073.

Mohamed, H. O., & Shairra, S. A. (2023). Pathogenicity of entomopathogenic nematodes against the new
invasive fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae). Egyptian Journal
of Biological Pest Control, 33, 24. https://doi.org/https://doi.org/10.1186/s41938-023-00669-0

Montezano, D. G., Specht, A., Sosa-Goémez, D. R., Roque-Specht, V. F., Sousa-Silva, J. C., de Paula-Moraes,
S. V., Peterson J. A., & Hunt, T. (2018). Host plants of Spodoptera frugiperda (Lepidoptera: Noctuidae)
in the Americas. African Entomology, 26(2), 286-300. https://doi.org/10.4001/003.026.0286

Nagoshi, R. N., Gabriela Murta, M., Hay-Roe, M., Laura Judrez, M., Willink, E., & Meagher, R. L. (2012).
Genetic characterization of fall armyworm (Lepidoptera: Noctuidae) host strains in Argentina. Journal
of Economic Entomology, 105(2), 418-428. https://doi.org/10.1603/EC11332

Negrisoli, A. S., Garcia, M. S., Barbosa-Negrisoli, C. R. C., Bernardi, D., & Silva, A. D. (2010). Efficacy of
entomopathogenic nematodes (Nematoda: Rhabditida) and insecticide mixtures to control Spodoptera
frugiperda (Smith, 1797) (Lepidoptera: Noctuidae) in corn crops. Crop Protection, 29(7), 677-683. https://
doi.org/10.1016/j.cropro.2010.02.002

Otim, M. H., Fiaboe, K. K. M., Akello, J., Barnabas, M., Obonyom, A. T., Bruce, A. Y., Opio, W. A., Chinwada,
P., Hailu, G., & Paparu, P. (2021). Managing a transboundary pest: The fall armyworm on maize in
Africa. In V. D. C. Shields (Ed.), Moth and caterpillars (pp. 1-26). IntechOpen. https://doi.org/10.5772/
intechopen.96637

Owuama, C. I. (2001). Entomopathogenic symbiotic bacteria, Xenorhabdus and Photorhabdus of nematodes.
World Journal of Microbiology & Biotechnology, 17, 505-515. https://doi.org/10.1023/A:1011916021378

Pinto, J. R. L., Torres, A. F., Truzi, C. C., Vieira, N. F., Vacari, A. M., & De Bortoli, S. A. (2019). Artificial
corn-based diet for rearing Spodoptera frugiperda (Lepidoptera: Noctuidae). Journal of Insect Science,
19(4), 1-8. https://doi.org/10.1093/jisesa/iez052

Pitre, H. N. (1985). Insect problems on sorghum in the USA. In Proceedings of the International Sorghum
Entomology Workshop, 15-21 July 1984. ICRISAT. https://oar.icrisat.org/478/1/RA_00088.pdf

Poinar, G. O. (1976). Description and biology of a new insect parasitic Rhabditoid, Heterorhabditis
bacteriophoran. gen., n. sp. (Rhabditida; Heterorhabditidae n. fam.). Nematologica, 21, 463-470. https://
doi.org/10.1163/187529275X00239

Poinar, G. O. & Grewal, P. S. (2012). History of entomopathogenic nematology. Journal of Nematology,
44(2), 153-161.

Puza, V., & Mracek, Z. (2010). Does scavenging extend the host range of entomopathogenic nematodes
(Nematoda: Steinernematidae)? Journal of Invertebrate Pathology, 104(1), 1-3. https://doi.org/10.1016/].
jip.2010.01.002

Ramanujam, B., Poornesha, B., & Shylesha, A. N. (2020). Effect of entomopathogenic fungi against invasive
pest Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) in maize. Egyptian Journal of Biological
Pest Control, 30, 100. https://doi.org/10.1186/s41938-020-00291-4

Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025) 969



Siti Noor Aishikin Abdul-Hamid, Wan Nurashikin-Khairuddin, Razean Haireen Mohd. Razali and Johari Jalinas

Ratnakala, B., Kalleshwaraswamy, C. M., Rajkumar, M., Deshmukh, S. S., Mallikarjuna, H. B., & Narasimhaiah,
L. (2023). Field evaluation of whorl application of sand mixed entomopathogenic nematodes for the
management of invasive fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae)
in sweet corn. Egyptian Journal of Biological Pest Control, 33, 58. https://doi.org/10.1186/s41938-023-
00706-y

Rodriguez-Zamora, M. J. (2019). Caracterizacion de aislados nativos de nematodos entomopatogenos y
uso potencial contra Spodoptera frugiperda [Characterization of native isolates of entomopathogenic
nematodes and their potential use against Spodoptera frugiperda]. [Master’s thesis, Universidad Nacional
Agraria]. Repositorio Institucional. https://repositorio.una.edu.ni/id/eprint/3830

Rose, A. H., Silversides, R. H., & Lindquist, O. H. (1975). Migration flight by an aphid, Rhopalosiphum maidis
(Hemiptera: Aphididae), and a noctuid, Spodoptera frugiperda (Lepidoptera: Noctuidae). The Canadian
Entomologist, 107, 567-576.

Rwomushana, I. (2019). Invasive species compendium datasheet report for Spodoptera frugiperda (fall
armyworm). CABI Digital Library. https://doi.org/10.1079/cabicompendium.29810

Salazar-Gutiérrez, J. D., Castelblanco, A., Rodriguez-Bocanegra, M. X., Teran, W., & Saenz-Aponte, A.
(2017). Photorhabdus luminescens subsp. akhurstii SLO708 pathogenicity in Spodoptera frugiperda
(Lepidoptera: Noctuidae) and Galleria mellonella (Lepidoptera: Pyralidae). Journal of Asia-Pacific
Entomology, 20, 1112-1121.

Salvadori, J. D. M., Defferrari, M. S., Ligabue-Braun, R., Yamazaki Lau, E., Salvadori, J. R., & Carlini,
C. R. (2012). Characterization of entomopathogenic nematodes and symbiotic bacteria active against
Spodoptera frugiperda (Lepidoptera: Noctuidae) and contribution of bacterial urease to the insecticidal
effect. Biological Control, 63,253-263. https://doi.org/10.1016/j.biocontrol.2012.08.002

Sarkowi, F. N., & Mokhtar, A. S. (2021). The fall armyworm (FAW) Spodoptera frugiperda: A review on
biology, life history, invasion, dispersion and control. Qutlooks on Pest Management, 32(1), 27-32.
https://doi.org/10.1564/v32_feb 07

Shamseldean, M. S. M., Abo-Shady, N. M., El-Awady, M. A. M., & Heikal, M. N. (2024). Heterorhabditis
alii n. sp. (Nematoda: Heterorhabditidae), a novel entomopathogenic nematode from Egypt used against
the fall armyworm, Spodoptera frugiperda (Smith 1797) (Lepidoptera: Noctuidae). Egyptian Journal of
Biological Pest Control, 34, 13. https://doi.org/10.1186/s41938-024-00778-4

Shapiro-Ilan, D. I., Han, R., & Dolinksi, C. (2012). Entomopathogenic nematode production and application
technology. Journal of Nematology, 44(2), 206-217.

Shapiro-Ilan, D. 1., Morales-Ramos, J. A., & Rojas, M. G. (2016). In vivo production of entomopathogenic
nematodes. In T. R. Glare & M. E. Moran-Diez (Eds.), Microbial-based biopesticides: Methods and
protocols, methods in molecular biology (pp. 137-158). Springer Science + Business Media. https://doi.
org/10.1007/978-1-4939-6367-6_11

Sharanabasappa, Kalleshwaraswamy, C. M., Asokan, R., Swamy, H. M. M., Maruthi, M. S., Pavithra, H. B., &
Goergen, G. (2018). First report of the fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera:
Noctuidae), an alien invasive pest on maize in India. Pest Management in Horticultural Ecosystems,
24(1), 23-29.

970 Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025)



Entomopathogenic Nematodes for FAW Control

Shinde, S. P,, Biradar, V. K., Ingole, D. B., Lavhe, N. V, & Pragati, R. (2023). Potential of the entomopathogenic
nematode, Heterorhabditis indica in managing the Spodoptera frugiperda. Scientist, 22(2), 48-55. https://
doi.org/10.5281/zenodo.7633276

Shylesha, A. N., Jalali, S. K., Gupta, A., Varshney, R., Venkatesan, T., Shetty, P., Ojha, R., Ganiger, P. C., Navik,
0., Subaharan, K., Bakthavatsalam, N., & Ballal, C. R. (2018). Studies on new invasive pest Spodoptera
frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) and its natural enemies. Journal of Biological Control,
32(3), 1-7. https://doi.org/10.18311/jbc/2018/21707

Sparks, A. N. (1979). A review of the biology of the fall armyworm. The Florida Entomologist, 62(2), 82-87.
https://doi.org/https://doi.org/10.2307/3494083

Stock, S. P., & Blair, H. G. (2008). Entomopathogenic nematodes and their bacterial symbionts: The inside
out of a mutualistic association. SYMBIOSIS, 46, 65-75.

Sun, J., Fanf, M., Zuo, J., Wang, A., Tang, H., Wang, L., & Ruan, W. (2024). Identification of entomopathogenic
nematodes in Hainan Province, China, and their efficacy against Spodoptera frugiperda (J. E. Smith)
(Lepidoptera: Noctuidae). Crop Protection, 184, 106838. https://doi.org/10.1016/j.cropro.2024.106838

Vashisth, S., Chandel, Y. S., & Chandel, R. S. (2015). Distribution and occurrence of entomopathogenic
nematodes in Himachal Pradesh. Journal of Entomological Research, 39(1), 71-76.

Vashisth, S., Chandel, Y. S., & Sharma, P. (2013). Entompathogenic nematodes: A review. Agricultural Reviews,
34(3), 163-175. https://doi.org/10.5958/j.0976-0741.34.3.001

Viteri, D. M., Linares, A. M., & Flores, L. (2018). Use of the entomopathogenic nematode Steinernema
carpocapsae in combination with low-toxicity insecticides to control fall armyworm (Lepidoptera:
Noctuidae) larvae. Florida Entomologist, 101(2), 327-329. https://doi.org/10.1653/024.101.0228

Pertanika J. Trop. Agric. Sci. 48 (3): 949 - 971 (2025) 971





