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Research Note
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ABSTRACT: In the Philippines, the Fall Armyworm (FAW) was initially documented infesting corn in June 2019 and rice in May 2021.
Relying on commercially available insecticides as the primary, if not exclusive, management strategy raises concerns about potential issues
arising from FAW developing resistance to these chemicals, and the associated risks these insecticides pose to non-target organisms and the
environment. To address these challenges, it is imperative to explore potential naturally occurring indigenous biological control agents and
entomopathogens of the FAW. Regular field samplings and monitoring of FAW and its natural enemies were systematically conducted in
selected municipalities of Central and Northern Luzon, as well as the Cagayan Valley regions of the Philippines. FAW larvae suspected of
parasitization were collected from the field and subsequently reared in the laboratory for parasitoid emergence and other natural enemies.
The parasitoids that emerged were sent to the Centre for Agriculture and Biosciences International United Kingdom (CABI UK) Diagnostic
and Advisory Service for identification. Two hymenopteran parasitoids, Brachymeria lasus Walker (Family: Chalcididae) and Copidosoma
floridanum (Ashmead) (Family: Encyrtidae), were identified from the lab-reared FAW larval samples. These two FAW parasitoids are new
records in the Philippines and elsewhere.
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The polyphagous Fall Armyworm (FAW), Spodoptera in both corn and rice crops. This heavy, and largely

frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), has unilateral, reliance on insecticides, not only proves to be
emerged as a pervasive global threat, wreaking havoc on unsustainable but also poses threats to non-target organisms
corn-producing nations (Abro et al., 2021). Its rapid global and the environment. Moreover, such practices are likely to
spread has led to catastrophic consequences for agricultural contribute to the development of insecticide resistance in
economies. The Philippines, in particular, experienced FAW populations, mirroring reports from the Americas where
its initial encounter with FAW-induced damage on corn resistance has been observed to at least 29 insecticide active
in Piat, Cagayan, on June 7, 2019 (Navasero ef al., 2019), ingredients across six mode of action groups, including Bt

and later on rice in Pateng, Gonzaga, Cagayan, on May 17, proteins (Mota-Sanchez & Wise, 2017; Huang et al., 2016;
2021, subsequently spreading to 13 other municipalities in Li et al., 2016). Recognizing the limitations and potential

the Cagayan Valley Region and extending into rice growing hazards associated with the prevalent insecticide-centric
areas of Nueva Ecija in Central Luzon (Valdez ef al., 2021; approach, there arises a critical need to explore alternative
Valdez et al., 2023a; Valdez et al., 2023b). In response to the and sustainable pest management strategies. The utilization
FAW menace, various control tactics, such as biological and of naturally occurring beneficials, such as parasitoids,
chemical interventions, are being implemented globally, as has proven to be effective in numerous crop systems.
witnessed in countries like the USA (FAO, 2022). However, These beneficial, viz., biological control agents, are host-
in the Philippines, specifically in Cagayan Province where specific, economically viable, environmentally friendly, and
FAW has been observed since 2021, farmers predominantly, contribute to sustainable agricultural practices. Considering
if not exclusively, resort to the use of commercially its imperative, a comprehensive survey of indigenous
available synthetic insecticides to manage FAW infestations natural enemies of FAW in the infested areas of Central and
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Northern Luzon, Philippines, was undertaken. This study
was an integral part of a project funded by the Department
of Agriculture - Bureau of Agricultural Research (DA-BAR)
and conducted in collaboration with the Philippine Rice
Research Institute (PhilRice) and the Centre for Agriculture
and Biosciences International (CABI), focused on the
collection and identification of potential indigenous natural
enemies of FAW.

The study conducted field samplings, ocular field and
plant examinations and monitoring for FAW and its natural
enemies including parasitoids and entomopathogens, in three
selected rice-corn growing municipalities of Central Luzon
(Pura, Tarlac; Concepcion, Tarlac; and Magalang, Pampanga),
one neighbouring municipality in Northern Luzon (Rosales,
Pangasinan) and two rice-growing municipalities in Cagayan
(Santa Ana and Gonzaga) (Figure 1). FAW egg masses and
larvae were gathered from corn and rice plants, placed in
glass vials lined with moistened tissue paper, and transported
to the laboratory for rearing until parasitoids emerged.
Suspected parasitized and disease-infected larvae were
isolated in individual vials. The emerging parasitoids were
preserved in 99.9% technical grade ethanol and sent to the
Centre for Agriculture and Biosciences International United
Kingdom (CABI UK) Diagnostic and Advisory Service for
identification. Some of the samples of the larval parasitoid
were preserved in the PhilRice Entomology Laboratory, and
voucher specimens were deposited in the University of the
Philippines Museum of Natural History (accession codes:
UPLBMNH HYM-02488, -02489, -02490, -02491, -02492)
and at the National Bureau of Agricultural Insect Resources,
India. The specimens underwent processing by the CABI
UK Molecular Identification team, including DNA extraction
provided by CABI’s Diagnostic and Advisory Services.
Successful DNA extracts were processed using sequencing
analysis and subsequent identifications were conducted
by comparing the Reverse Complement of the obtained
sequence obtained with those available from the Barcode
of Life Data system (BOLD) (http://www.boldsystems.org/
index.php/databases). The sequence data was also compared
to the database available from the National Center for
Biotechnology Information (NCBI) https://blast.ncbi.nlm.
nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome.

From the various collection sites, parasitized FAW
larvae were specifically obtained from corn in two barangays
of Magalang, Pampanga, namely Barangay Escaler (15°
16°12.0720” N; 120° 43’ 39.7200” E) and Sitio Balitucan,
Barangay San Ildefonso (15° 15’ 46.9440 N; 120° 43’
1.5600” E) (Figure 2). In the laboratory, where samples
were reared on corn leaves, a remarkable 1,577 parasitoid
wasps of the same species emerged from a single larva,
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and a solitary larval-pupal parasitoid emerged from a pupa.
Molecular analysis revealed that the larval-pupal parasitoid
was Brachymeria lasus Walker (Hymenoptera: Chalcididae)
(Figure 3A), while the larval parasitoid was Copidosoma
floridanum (Ashmead) (Hymenoptera: Encyrtidae) (Figure
3B). Notably, these two parasitoids represent new records for
FAW in the Philippines and amongst those recorded globally.
No egg parasitoids emerged from the FAW egg masses.

Brachymeria lasus is recognized as a solitary idiobiont
pupal parasitoid, predominantly targeting lepidopteran
species. Noyes (2019) reported 128 host species, while
CABI (2019) documented 74. Notably, according to the
CABI datasheet B. lasus has no recorded attacks on S.
frugiperda. Instead, it is known to parasitize two other
Spodoptera species (S. littoralis and S. litura), and various
other Lepidopteran insects including several insect pests of
rice such as Mythimna separata Walker (CABI, 2019; Noyes,
2019), Cnaphalocrocis medinalis (Guenée) (CABI, 2019;
Noyes, 2019; Hu and Wu, 1987) and Naranga aenescens
Moore (CABI, 2019; Noyes, 2019). Additionally, B. lasus
has been reported as a pseudo-hyperparasitoid of certain
developmental stages of the Ichneumonid and Tachinid
parasitoids of Lepidoptera (CABI, 2019; Noyes, 2019). It is
important to note that there were 175 reported parasitoids of
FAW in the Americas and Caribbean basin (Molina-Ochoa et
al., 2003) however, neither of the two parasitoids recorded
in this study i.e B. lasus and C. floridanum, are included in
the list although Brachymeria ovata (Say) and Brachymeria
robusta (Cresson) were included (Virla er al.,1999; Wilson
1923). A study conducted by Husni et al. (2001) revealed
that B. lasus female does not discriminate against host pupal
age and that it oviposited on the pupal host irrespective
of the host’s age. However, there was a variation in the
number of the progenies that emerged and their body weight.
Although generally Brachymeria spp., including B. lasus,
are recorded as pupal parasitoids, the observation in this
study tended to suggest that it could also be a larval-pupal
parasitoid as exhibited by other species of Brachymeria
such as Brachymeria plutellophaga (Girault) as reported in
the case of the groundnut leafminer, Aproaerema modicella
Deventer (Lepidoptera: Gelechiidae), in India (Shanower e?
al., 1992)

Copidosoma floridanum is identified as a polyembryonic
parasitoid with a host range encompassing 46 lepidopteran
and two hemipteran host insects (Noyes, 2019). The
reproductive strategy involves the deposition of a primary
clutch, typically consisting of one or two eggs, per host.
This distinctive feature leads to the development of multiple
embryos from each laid egg (Ode & Strand, 1995; Strand,
1989).
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Figure 1. Collection sites in two rice-growing municipalities in Cagayan: Gonzaga (A1) and Santa Ana (A2); one neighbouring municipality
in Northern Luzon: Rosales, Pangasinan (B1); and three rice-corn growing municipalities of Central Luzon: Pura, Tarlac (B2),
Concepcion, Tarlac (B3), and Magalang, Pampanga (B4).
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Figure 3. The (A) larval-pupal parasitoid Brachymeria lasus, and the (B) larval parasitoid Copidosoma floridanum. These parasitoids emerged
from the FAW larvae collected in the corn plants in Magalang, Pampanga, during the 2021 wet season and were subsequently reared
in the Entomology Laboratory of the Philippine Rice Research Institute Central Experiment Station, Maligaya, Science City of
Muiloz, Nueva Ecija, Philippines.
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CONCLUSION AND FUTURE UNDERTAKINGS

This study underscores the seminal documentation of B.
lasus and C. floridanum parasitizing FAW in the Philippines,
which constituted a new record of these two wasp species
as FAW parasitoids. In future, continued assessments to map
the distribution, abundance etc. and in-depth research on
the biology and efficiency of these parasitoids as potential
biological control agents against FAW are imperative to
essentially elucidate their potential role in the effective
management of FAW.

ACKNOWLEDGEMENT

We express our gratitude to the Department of
Agriculture — Bureau of Agricultural Research (DA-BAR),
Philippines, for funding the research project “Monitoring the
Occurrence, Host Plant Specificity, and Management of the
FAW (Spodoptera frugiperda) in and around rice ecosystems
in the Philippines”. Special thanks to the Department of
Environment and Natural Resources (DENR) Region 3,
Philippines, for Wildlife Export Certificate No. 2022-0248
and Wildlife Gratuitous Permit No. I11-2022-009, and to DA-
Bureau of Plant Industry - Plant Quarantine Services Region
3, Philippines, for providing the Phytosanitary Certificate
for shipping insect samples to CABI-UK. We appreciate the
support from the staff of the Molecular Identification team
of the Diagnostic and Advisory Service, CABI-UK, for
taxonomic assistance. Our sincere thanks to the DA-Regional
Crop Protection Center 2 and 3; Municipal Agriculture
Offices of Magalang, Pampanga; Concepcion and Pura,
Tarlac; Rosales, Pangasinan; and Gonzaga and Santa Ana,
Cagayan, for their invaluable assistance during monitoring
and collection activities. Special acknowledgement to
Alejandro Cinense, Jr., for his contributions to the collection
and rearing of FAW. RCJ extends thanks to Dr. Ankita Gupta,
Dr. S.H. Singh, Dr. Anand Prakash, Dr. K.S. Behera, and Dr.
Lekhnath Kafle for providing information on alternate hosts
of the two parasitoids.

REFERENCES

Abro, Z., Kimathi, E., De Groote, H., Tefera, T., Sevgan, S.,
Niassy, S., and Kassie, M. 2021. Socioeconomic and
health impacts of fall armyworm in Ethiopia. PLoS
One, 16(11): Article e0257736. https://doi.org/10.1371/
journal.pone.0257736

CABI  (Centre for Agriculture and Biosciences
International). Brachymeria lasus Datasheet. 2019.
https://www.cabidigitallibrary.org/doi/10.1079/
cabicompendium.9848.

FAO (Food and Agriculture Organization of the United
Nations). 2022. Technical guidance on fall armyworm

85

— Coordinated surveillance and an early warning system
for the sustainable management of transboundary pests,
with special reference to fall armyworm (Spodoptera
frugiperda [J.E. Smith]) in South and Southeast Asia.
Bangkok. https://doi.org/10.4060/cc0227en

Hu, X. Q. and Wu, S. X. 1987. Observations on the control
effect of parasitic natural enemies on Cnaphalocrocis
medinalis. Natural Enemies of Insects, 9(4): 187-9.

Huang, F., Qureshi, J. A., Head, G. P, Price, P. A., Levy,
R., Yang, F., and Niu, Y. 2016. Frequency of Bacillus
thuringiensis CrylA.105 resistance alleles in field
populations of the fall
frugiperda, in Louisiana and Florida. Crop Prot, 83:
83-89.

armyworm, Spodoptera

Husni, H., Kainoh, Y., and Honda, H. 2001. Effects of
host pupal age on host preference and host suitability
in  Brachymeria lasus (Walker) (Hymenoptera:
Chalcididae). App! Entomol Zool, 36(1): 97-102. https://
www.jstage.jst.go.jp/article/aez/36/1/36_1 97/ pdf/-
char/en

Li, G., Reisig, D., Miao, J., Gould, F., Huang, F., and Feng,
H. 2016. Frequency of CrylF non-recessive resistance
alleles in North Carolina field populations of Spodoptera
frugiperda (Lepidoptera: Noctuidae). PLoS One, 11:
Article €0154492.

Molina-Ochoa, J., Carpenter, J. E., Heinrichs, E. A.,
and Foster, J. E. 2003. Parasitoids and parasites of
Spodoptera frugiperda (Lepidoptera: Noctuidae) in
the Americas and Caribbean Basin: An Inventory. Fla
Entomol, 86(3): 254-289. https://doi.org/10.1653/0015-
4040(2003)086[0254:PAPOSF]2.0.CO;2

Mota-Sanchez, D., and Wise, J. 2017. Arthropod pesticide
resistance database. Michigan State University. https://
www.pesticideresistance.org/

Navasero, M. V., Navasero, M. M., Burgonio, G. A. S., Ardez,
K. P, Ebuenga, M. D., Beltran, M., ... Aquino, M. F. G.
M. 2019. Detection of the fall armyworm, Spodoptera
frugiferda (J.E. Smith) (Lepidoptera: Noctuidae) using
larval morphological characters, and observations on its
current local distribution in the Philippines. Philipp Ent,
33(2): 171-84.

Noyes, J. S. 2019. Universal Chalcidoidea Database. World
Wide Web electronic publication. https://www.nhm.
ac.uk/our-science/data/chalcidoids/

Ode, P.J., and Strand, M. R. 1995. Progeny and sex allocation
decisions of the polyembryonic wasp Copidosoma



Novel records of parasitoids targeting fall armyworm, Spodoptera frugiperda

foridanum. J Anim Ecol, 64(2): 213-24. https://doi.
org/10.2307/5756

Shanower, T. G., Wightman, J. A., Gutierrez, A. P., and Ranga
Rao, G. 1992. Larval parasitoids and pathogens of the
groundnut leaf miner, Aproaerema modicella (Lep.:
Gelechiidae), in India. Entomophaga, 37(3):419-427.
https://doi.org/10.1007/BF02373115

Strand, M. R. 1989. Oviposition behavior and progeny
allocation of the Polyembryonic wasp Copidosoma
foridanum (Hymenoptera: Encyrtidae). J Insect Behav,
2(3): 355-69.

Valdez, E. M., Rillon, G. S., Donayre, D. K. M., Martin, E. C.,
dela Cruz, K. B., Sandoval, F. R., Joshi, R. C., Quilang,
E. J. P., Faheem, M., and Annamalai, S. 2021. Fall
armyworm (Spodoptera frugiperda) (J.E. Smith): A first
record of damage on rice in the Philippines. Poster paper
presented during the Online Conference “Developing
smallholder-oriented IPM strategies for fall armyworm
(Spodoptera frugiperda Smith) management” on 24-26
August 2021. https://virtual.oxfordabstracts.com/#/
event/2329/poster-gallery/grid

Valdez, E. M., Joshi, R. C., Rillon, G. S., Donayre, D. K.
M., Martin, E. C., dela Cruz, K. B., Sandoval, F. R,
Quilang, E. J. P., Aquino, M. F., Mariano, J., Pascual,

86

M. K., Faheem, M., and Annamalai, S. 2023a. Rice:
A new host of fall armyworm Spodoptera frugiperda
(J.E. Smith) and its strains in the Philippines. Insect
Environment. 26(2): 129-36. https://imgl.wsimg.com/
blobby/go/e32¢3452-4¢91-4d33-bdd5-d2fe34246a6¢/
downloads/7.%20Evelyn%20M.%20Valdez.
pdf?ver=1689143065213

Valdez, E. M., Rillon, G. S., Joshi, R. C., dela Cruz, K. B.,

Donayre, D. K. M., Martin, E. C., Sandoval, F. R,
Quilang, E. J. P., Aquino, M. F., Pascual, M. K., Mariano,
J.,Aquino, E., Faheem, M., and Annamalai, S.2023b. Fall
armyworm, Spodoptera frugiperda (J.E. Smith) damage
on rice in the Philippines. APJSAFE 11(2): 37-46.
https://ojs.bakrie.ac.id/index.php/APJSAFE/article/
view/233/131?fbclid=IwAR14RAIwWLpEIQhIR7h
7156mjkxhVkyctOVGYhQCTPe86k1GS9LI16M1Ei2bl

Virla, E. G., Colomo, M. V., Berta, C., and Valverde, Y.

L. 1999. El complejo de los parasitoides del “gusano
cogollero” del maiz, Spodoptera frugiperda, en la
Republica Argentina (Insecta: Lepidoptera). Neotropica,
45: 3-12.

Wilson, C. E. 1923. Insect pests of cotton in St. Croix and a

means of combating them. Virgin Islands Agric Exp Stn
Bull, 3: 1-20.



