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Introduction

Fall Armyworm (FAW), Spodoptera frugiperda (J.E. Smith) 
(Lepidoptera: Noctuidae), is a native species to most parts 
of tropical and sub-tropical regions of Americas (Early et 
al., 2018). The first outbreak of FAW was reported in maize 
crop in Central and Western Africa in early 2016 (Goergen et 
al., 2016). The pest expanded and invaded throughout sub-
Saharan regions in over 50 countries threatening the livelihood 
of small-holder farmers and production loss leads to up to 20-
50% (Early et al., 2018). The annual loss of over 12 African 
countries reported is equal to 8.3-20.6 million tons of maize 
(Day et al., 2017). According to the Centre for Agriculture and 
Bioscience International (CABI), the FAW has potential to 
cause maize yield losses of US$6.2 billion annually, if other 

management options are not available (FAO, 2017). It is a 
polyphagous pest and the associated host includes more than 
80 plant species such as maize (Zea mays L.), paddy (Oryza 
sativa L.), sorghum (Sorghum bicolor L., Moench), potato 
(Solanum tuberosum L.), cotton (Gossypium hirsutum L.) and 
many other vegetable crops (FAO, 2018). Peanut (Arachis 
hypogea L.) and bermuda grass (Cynodon dactylon L., Pers.) 
are the favorite hosts of FAW (Sparks, 1979) (Table 1). It 
is sporadic in nature and demonstrates migratory behavior 
(Hardke et al., 2015b). Temperature and rainfall can influence 
FAW migration and spread. Worms population dynamics and 
distributions are influenced by cold and wet weather (Early 
et al., 2018). It has a complete life cycle; mating and egg 
lay occur in the night-time. Adult females lay creamy white 
100-200 eggs in single or multiple layers on the lower side 
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invasive in many states of India and the likelihood of entry and spreading in Nepal is higher because of the open border between the countries 
and flexible government quarantine policy. The great socio-economic loss has been forecasted once this pest has received invasive status in 
Nepal. Recently, this crop has been confirmed by Nepal Agricultural Research Council (NARC) in Gaidakot area of Nawalpur district, Nepal 
and has been noticed in almost all parts of Nepal such as Sidhuli, Chitwan, Nawalparasi, Tanahun and Rupendehi districts. However, this 
information has not been endorsed by Nepal Plant Protection Office (NPPO), an official invasive species endorsing organization in Nepal. 
This species is spreading rapidly in maize growing areas and significant losses have been reported in maize crop by the farmers. The 
regular scouting, surveillance, and monitoring can be suggested to evaluate the pest status in the crop field. Habitat manipulation with the 
deployment of deterring crops ‘push’ such as  desmodium (Desmodium uncinatum) and pest-attracting crop ‘pull’ such as Napier (Pennisetum 
purpureum) and Sudan grass (Sorghum vulgare sudanense) is suggested in a ‘push-pull strategy’, the most popular and successful method 
of FAW management in the maize field. Field sanitation, and conserving pest’s natural enemies are other integrated approaches. However, 
in a commercial maize field, a group of ‘soft’ and selective chemicals have been suggested for immediate control of this pest. This review 
compiled the recent informations available on FAW and is useful for farmers, researchers and policy makers to draw a roadmap for the future 
FAW management in Nepal.
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of leaves and eggs are covered by protective scales rubbed-
off from the moth‘s abdomen. Egg incubation period is 4-6 
days. Initially, larvae are green in color and later change into 
brown. Pupation takes place in soil below 2-8 cm from the 
ground surface and are shiny brown in color. It has six larval 

stages; 3-6 stages are more destructive compared to early 
instars. The female moth is bigger than the male one. The 
infestation of FAW has been associated in the region having 
similar climatic conditions as in native land (FAO, 2018; Early 
et al., 2018). 

Table 1. Common feeding host of Spodoptera frugiperda

Scientific name Common name Family Reference
Arachis hypogea L. Peanut Fabaceae (Sparks, 1979; Yu, 1982) 
Cynodon dactylon (L.) Pers. Bermuda grass Poaceae (Sparks, 1979) 
Zea mays L. Maize Poaceae (Paulillo et al., 2009; FAO, 2018, 2017) 
Zea mays saccharata (L.) Sturt Sweet corn Poaceae (Meagher et al., 2016; Seal, 2017; 

Jeger et al., 2018; Chormule et al., 2019) 
Saccharaum officinarum L. Sugarcane Poaceae (Chormule et al., 2019)
Sorghum bicolor (L.) Moench Sorghum Poaceae (Fuller et al., 1997; Chormule et al., 2019) 
Triticum aestivum L. Wheat Poaceae (Murúa et al., 2008; Pitre et al., 2015) 
Oryza sativa L. Rice Poaceae (Stout et al., 2009; Whitford et al., 2015; 

FAO, 2017)
Pennisatum americanum L. Millet Poaceae (Ríos-Díez and Saldamando-Benjumea, 2011; FAO, 

2017)
Lolium perenne L. Rye grass Poaceae (Pitre et al., 2015) 
Gossypium hirsutum L. Cotton Malvaceae (Hardke et al., 2015a) 
Glycine max (L.) Merril Soybean Fabaceae (Yu, 1982) 
Vigna unguiculata (L.) Walp Cowpea Fabaceae (Yu, 1982) 
Cicer arietinum L. Chickpea Fabaceae (Montezano et al., 2018)
Solanum tuberosum L. Potato Solanaceae (Yu, 1982) 
Cucumis sativus L. Cucumber Cucurbitaceae (Yu, 1982; Montezano et al., 2018) 
Brassica rapa L. Turnip Brassicaceae (Yu, 1982) 
Brassica juncea L. Mustard Brassicaceae (Yu, 1982) 
Brassica oleracea var. capitata L. Cabbage Brassicaceae (Montezano et al., 2018)
Allium cepa L. Onion Amaryllidaceae (Fernandes et al., 2012) 
Beta vulagris var. vulagaris L. Beet Amaranthaceae (Montezano et al., 2018) 
Ipomoea batatas (L.) Lam. Sweet Potato Convolvulaceae (Montezano et al., 2018) 
Medicago sativa L. Alfalfa Fabaceae (Murúa et al., 2008) 
Avena sativa L. Oat Poaceae (Andrade et al., 2016) 
Hordeum vulgare L. Barley Poaceae (Alfonso et al., 1997) 
Nicotiana tabacum Tobacco Solanaceae (Leal-Bertioli et al., 2003; Martinelli et al., 2007) 
Solanum lycopersicum (L.) Mill. Tomato Solanaceae (Rojas et al., 2009) 
Brachiaria mutica L. Para grass Poaceae (Ashley et al., 2006; de Sa et al., 2009) 

Management of S. frugiperda is difficult because it has a 
wide host range, high rate of fecundity, with multiple generations 
within a year (Chormule et al., 2019). Additionally, to develop 
FAW management strategies a good understanding of biology, 
ecology, and migration pattern is needed (Nagoshi et al., 
2012). Pest management implementation pathway or pest 
management protocol has been suggested for wider adoption 
of this technology. The ‘push-pull’ strategy is the most popular 
method of FAW management in maize field where push or 
deterring crops can be intercropped with maize and pull or 
attracting crops can be grown at the boundary of fields (Khan 
et al., 2001). Biological control agents can also manage this 
pest in natural conditions. Scholars had reported 53 species 
of parasitoids of the maize earworm belonging to 43 genera 
and 10 families, of which the family Tachinidae comprises 53% 

of the species. Furthermore, 150 species of parasitoids and 
parasites of S. frugiperda in the Americas and the Caribbean 
basin belonging to 14 families, nine in Hymenoptera, four in 
Diptera and one in Nematoda had also been reported. The 
family Tachinidae is not only the most diverse of the Diptera, 
but as a whole as well (55 species) (Ashley, 1979; Molina-
Ochoa et al., 2003; Gutiérrez-Martínez et al., 2012).

In Nepal, this pest has been recently identified in some 
parts of the country. The suitable climatic conditions in India 
and Nepal, availability of a wide range of hosts including most 
preferred host maize and an open border between these 
countries, play a great role to establish this pest as an invasive 
status. The regular scouting, surveillance and monitoring of 
crop fields including implementation of quarantine policy are the 
most important steps in the first phase of pest management. In 
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the second phase, when the pest is detected in crops, an area-
wide pest management protocol has been suggested including 
regular adoption of IPM approaches for pest control. The 
purpose of this review was to present the recent information 
available for fall armyworm (FAW), Spodoptera frugiperda 
(J.E. Smith), useful both for farmers and researchers and 
for the policy makers to draw a roadmap for the future FAW 
management in Nepal. 

Identification of Spodoptera frugiperda

Spodoptera frugiperda can be identified on a morphological 
and molecular basis. The typical identification features of FAW 
are larva (Figure 1) and adult moth (Figure 2). Larva has four 
dark spots forming a square arrangement on the second-to-
last body segment, four smaller spots in trapeze arrangement 
on the dorsal surface of other segments and the larval head is 
dark red in color with pale upside down Y-shape marking on the 
front (Hardke et al., 2015a).

Figure 1. FAW larva showing characteristics identification 
(Source: Visser, 2017)
(Photos: © D. Visser, ARC-VOP, Roodeplaat)

Figure 2. The fall armyworm adult moth (Source: Goergen 
et al., 2016) 

Genetically, FAW can be identified by comparing DNA 
sequences in the COI region of unidentified species with the 
reference insect. The genetic distances within the species 
can be detected by examining the mitochondrial cytochrome c 
oxidase subunit I (COI) gene located in the mtDNA fragment. 
In the laboratory, genetic distances within the species can 
be analyzed by a series of processes which comprise DNA 

extraction, purification, amplification, and sequencing (Lu and 
Adang, 2006).

Life-cycle of Spodoptera frugiperda

FAW is holometabolous; egg, larva, pupa, and adult stages 
(Sparks, 1979) (Figure 3). Mating takes place in the aerial 
plant parts and a single adult female moth can lay 100-200 
eggs on the underside of the lower leaves near the joint of 
leaf and stem. Hatching takes place in 3-5 days, and produce 
young caterpillars, called neo-natal stage. There are six larval 
stages with a total larval duration of approximately 14-17 days. 
The matured caterpillar drops on the ground and enters 2-8 
cm below the soil and pupates inside the soil for 7-9 days. 
Pupation takes place in a loose oval cocoon, which is 20-30 
mm in length (FAO, 2018). The male moth is bigger in size with 
dark and white spots on the fore wings, whereas the female is 
smaller in size and dusty brown in colour. An adult can survive 
for 7-9 days. However, the FAW life cycle duration depends 
on prevailing weather conditions and food availability. In a 
laboratory study, cotton feeding FAW demonstrates a longer 
duration of life cycle than feeding with wheat crop (Mello Da 
Silva et al., 2017).

Figure 3. Life-cycle of Spodoptera frugiperda; egg mass (top-
left), neonatal stage (middle-top), first to fifth larva stage 
(right-top), sixth stage larva (bottom-left), pupa (bottom-
middle), and adult moth (bottom-right)
(Photos clockwise from left: ©James Castner, University 
of Florida; ©James Castner, University of Florida; ©Paulo 
Lanzetta/Embrapa/Documentos, 344; ©J Obermeyer; 
©Calatayud P.-A.; ©Lyle J. Buss, University of Florida)

Damage symptoms of Spodoptera frugiperda in maize

FAW larva is a voracious feeder and can damage almost all 
growth stages of potential host crops (see Table 1) (Harrison 
et al., 2019). In maize crop, caterpillars damage the leaf, silk, 
tassel, and cobs (Chimweta et al., 2019) (Figures 4 and 5). 
The newly-hatched young caterpillars feed superficially on the 
underside of leaves or inside whorls making semi-transparent 
patches or papery window on the leaves. Newly hatched larva 
spread to a new host by the ballooning mechanism. By stage 
3-5, caterpillar reach to leaf whorl where it does most damage 
resulting ragged holes in leaves accompanied with excrements 
which appear like saw dust in dry condition (FAO, 2018). When 
an infestation occurs in the early stage of crop or at the young 
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plant, feeding can kill the growing point because of which no 
new leaf formation takes place and prevent cob development. 
At this stage, the larva becomes cannibalistic (large larva 
feeds on smaller larva) and found only one or two in a whorl 
(Chapman, 1999). If the plant is older and with cobs, caterpillars 
feed on young kernels through protective leaf bracts into the 
side of cob (FAO, 2018). Pupation takes place inside the soil 
making an earthen cocoon. 

Figure 4. Damage symptoms of the Spodoptera frugiperda 
on leaf and leaf-whorl of maize in Sindhuli district of Nepal 
(Photos: ©Prakash Poudel, Ministry of Agriculture, Land 
Management and Co-operative, Nepal)

Figure 5. Damage symptom by FAW on a cob of maize 
(Source: FAO, 2018) 

Current management options 

Integrated pest management (IPM) is an important eco-
friendly method of pest management where all possible 
management options such as cultural, mechanical, 
pheromones, biological organisms can be integrated with 
each other, and chemical pesticides can be used when pests 
cross the economic threshold level as the last resort (Day et 
al., 2017). Pesticide increases the resistance level for almost 
all pests including FAW. This pest has developed resistance 
for several major classes of insecticides such as carbamates, 

organophosphate, and pyrethroid insecticides (Yu et al., 2003). 
Before adopting any pest management strategy, the 

economic threshold level has to be assessed (FAO, 2017). 
Regular surveillance and monitoring of pest should be followed 
to evaluate the pest’s threshold level in maize fields. Scouting 
is the first step to identify the first notice of this pest in crops. 
Regular scouting lining a ‘W’ demarcation in crop fields should 
be started when maize germinates in fields. Pest management 
strategies should be followed when 15% damage has recorded 
at seedlings to early whorl stage (3-4 weeks after emergence). 
Pheromone traps @ 5/acre is suggested for regular monitoring 
of this pest (Firake et al., 2019).

If the pest has not entered into a new locality, intra- or 
inter-quarantine strategies should be strictly followed. Farmers 
should be familiar with the damage symptoms, identification 
of larvae, early detection, etc. (Day et al., 2017). A popular 
pest management method ‘push-pull’ technology could be an 
important management tool to keep the FAW larva away from 
the maize field. In this technology, Desmodium can be deployed 
in maize field as an intercrop to deter or ‘push’ the FAW from 
maize field and Napier grass in field edges can be used as an 
attractant or to trap or ‘pull’ the FAW (Khan et al., 2001).

Collection and destruction of infested plants; collection and 
killing of eggs and larvae and use of FAW lure are important 
mechanical methods of FAW management (Kumela et al., 
2019). Some pest natural enemies such as earwigs, ground 
beetles, assassin bugs, ants, flower bugs, spider, insectivorous 
birds and bats, predatory wasp are the potential predators of 
this pest (Harrison et al., 2019). Ichneumonids (Campoletis 
grioti Blanchard, Campoletis sonorensis Cameron), and 
braconids (Aleiodes laphygmae Viereck) are common 
parasitoids of FAW (Molina et al., 2004; Wyckhuys and O’Neil, 
2006; Gabriela Murúa et al., 2009). In laboratory study, viruses 
such as Nuclear Polyhedrosis Virus (NPVs) and Baculo virus 
(Barreto et al., 2005; Rowley et al., 2010; Figueiredo et al., 
2015), fungus such as Metarhizium anisopliae, M. rileyi, and 
Beauveria bassiana (Carneiro et al., 2008; Rios-Velasco et 
al., 2011), bacteria such as Bacillus thurigensis Bt, nematodes 
such as Hexamermis sp. and Neoaplectana carpocapsae 
Weiser (Gardner and Fuxa, 1980; Salvadori et al., 2012), and 
protozoa such as Nosema laphygmae Weiser, N. heliothidis 
Lutz, and Vairimorpha necatrix Kramer (Gardner and Fuxa, 
1980) were successfully used to control this pest. 

Risk of Spodoptera frugiperda in Nepal 

In 2018, the arrival of FAW has been confirmed in India in the 
maize fields of Karnataka (Ganiger et al., 2018). In September 
2018, morphological and molecular characterization of larvae 
has confirmed the infestation of this pest in maize and sweet 
corn in Gujrat, India (Sisodiya et al., 2018). In 2019, it has been 
noticed in sugarcane crop (variety: Co 86032) at Ghogaon, 
Sangli District of Maharastra State (Chormule et al., 2019). 
There are three possibilities that FAW can have entered Nepal 
and caused damages on our agricultural commodities. First, 
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FAW itself is a fast flyer and can fly more than 100 km in a night 
because Nepal is sharing its border to India. Second, flexible 
quarantine policy of Nepal and India government can allow 
any agricultural consignment easily to and from the countries. 
Nepal imported a bulk amount of maize from India and there 
is the high potentiality of FAW to enter Nepal during import/
export period. It has been estimated that in fiscal year 2016/17, 
Nepal imported 51130 Mt maize seed and 383144 Mt maize 
grains from India, 26 Mt maize seed from Argentina, 76.8 Mt 
from Antigua and Barbuda (MoF, 2016). Furthermore, Nepal is 
importing a significant amount of Maize from Argentina (MoF, 
2016), a native place of FAW. Socio-cultural similarities between 
India and Nepal and similar agricultural activities in the border 
areas also caused easy entry of this insect into Nepal. Third, 
once the insect enters Nepal, there is a higher likelihood of 
establishment because of congenial environments for this pest.

Socio-economic impact of Spodoptera frugiperda 
in Nepal

Maize is the second most important crop, in terms of area 
and production, after rice in Nepal (Subedi, 2016). Many efforts 
have been made to increase the productivity of maize, but the 
results are not encouraging. This crop is a major staple crop for 
people in mid-hill and a source of animal feed in Terai (Govind 
et al., 2016). Insect pest, diseases, and long drought are 
major crop limiting factors. Maize stem borer, Chilo partellus 
Swinhoe, white grub, Phylophaga spp., maize aphids are 
major yield-limiting insect pest in maize fields. Crop loss can 
be increased when invasive species enter into the maize field. 
Spodoptera frugiperda is a recently noticed species in Nepal 
which is already established as an invasive status in America, 
Africa and many other Asian countries including India. About 
65% of people solely depend upon agriculture for livelihood in 
Nepal. When this pest enters Nepal and starts to damage the 
crops, the loss could affect the farmers’ income. Maize is used 
for daily consumption for human beings and animal and poultry 
feeds. The feed price including meat price would increase. 
Furthermore, farmers could use harmful pesticides to control 
the FAW that increases input cost and farmers could lose their 
money to buy those pesticides. At the same time, prophylactic 
use of pesticides is directly linked to human health, biodiversity, 
and the environment. All these issues are related to the socio-
economy of human beings. 

Future management strategy in Nepal 

As mentioned above, there is the highest potentiality of 
FAW spread in Nepal. Regular scouting and monitoring are 
necessary for pest detection and to assess management 
decisions. Morphological, along with DNA barcoding of the 
species is needed for confirmation of this species. Invasive 
Pest Study Centre (IPSC) is suggested to establish in Nepal 
to deal with invasive pest species such as FAW (S. furgiperda) 
and tomato leaf miner (Tuta absoluta Meyrick). IPSC should 

immediately be in action to study the present and future 
potentially invasive pests, their potential yield loss, and socio-
economic effect along with appropriate management protocol. 
The Rapid Response Expert Team (RRET) is suggested to be 
formed by the Nepal government to deal with these invasive 
species.

Once the species is identified, strategic management plan 
and protocols should be developed for effective control of this 
pest. IPSC should co-ordinate with the provincial government, 
agriculture service center, research stations, agro-vets, and 
teaching institutions for technical, administrative and financial 
support. Community-level integrated management campaign 
should be launched on a regular basis. In the previously affected 
area, an area-wide-management strategy should be followed 
to prevent a further outbreak of the species. In an area-wide 
pest management strategy and community campaign program, 
the use of soft and selective pesticide can be recommended 
along with precaution measures while using those pesticides. If 
the outbreak has occurred in a smaller area, a strict quarantine 
(intra-quarantine) rules should be followed to prevent further 
dispersal of the species. 

Conclusion

Fall Armyworm (FAW) is an invasive pest of maize and many 
other crops in many African and Asian countries. It is recently 
introduced species in maize and spreads almost all over Nepal. 
This pest has the greatest potential to cause a severe socio-
economic impact in Nepal. Early scouting and monitoring as 
well as integrated pest management is suggested to control 
this pest. Regular monitoring of pest is suggested to develop 
an early pest management protocol. Invasive pest study unit 
(IPSU) along with formation of rapid response expert team 
(RRET) is suggested for immediate management action for 
this pest. Prevention is a better option by strong quarantine 
system and regular monitoring of the maize field. A number of 
management options are available; however, the economically 
friendly and sustainable IPM method is the most common 
approach of pest management to reduce the toxin levels in 
crop fields. A push-pull strategy is widely adopted and popular 
pest management among other cultural practices of FAW 
management.  
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