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ABSTRACT 
	Spodoptera frugiperda (JE Smith, 1797) commonly known as the fall armyworm (FAW), is a highly polyphagous lepidopteran pest that causes significant impact on global agriculture due to its rapid spread. The host range of FAW includes reported 353 plant species from over 76 families. Though being polyphagous, Poaceae is the most preferred host followed by Asteraceae and Fabaceae. Since its first observation in West Africa as an invasive in 2016, this pest has set afoot in worldwide territories, including Asia and parts of Australia. Its rapid spread poses a significant threat to agriculture, which influences global food security and economies as reported by FAO in 2020. After its first report in India by 2018, several research groups have been formed, and started working on the management of this pest. Lacking a general co-ordination, many of the self-initiated research groups were focused on extermination measures and very few on prevention and potential spread. With 161 host plants as this study reports from India, it is imperative to make policy interventions, initiate awareness and training on this subject. This review comprehensively examines national studies addressing the pest’s biology, determinants of its status, host susceptibility, genetic variability, and strategies for its management and containment. The study recommends, proper quarantine measures, robust early warning systems, rapid and sustainable management strategies, and targeted funding to strengthen currently underexplored research areas as this pest had succeeded in the establishment phase with in the country.
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Introduction

Native to the tropical and subtropical regions of the Americas, Spodoptera frugiperda J.E. Smith (Order-Lepidoptera; Family- Noctuidae), commonly known as fall armyworm (FAW) is a highly polyphagous invasive pest. It affects a wide range of host plants, with a preference for Poaceae, leading to significant economic damage to crops. Larvae in the later stages cause the highest damage (Overton et al. 2021) by feeding on the host plant’s leaves stems and reproductive parts (FAO, 2017). The moth easily flies up to 100 km per night enabling its migration from country to country. In the eastern hemisphere, its invasion was first reported in West Africa (Georgen et al. 2016; Nagoshi et al. 2018). In Africa alone, an approximate annual maize yield reduction of 8 to 16 million tons was documented (Kumar et al. 2022). This is a serious issue, given that maize is cultivated on 193.7 million hectares of land globally with an annual production of 1147.7 million tonnes (Langde et al. 2025). It invaded Southeast Asia (Ganiger et al. 2018; Acharya et al. 2021), India, China and Australia (Cook et al. 2021).  FAW causes an average yield loss of 34% in maize globally posing threat to global food security (Pushpanathan and Murugan 2024). Globally 353 S. frugiperda larval host plants were recorded belonging to 76 plant families, principally Poaceae (106), Asteraceae (31) and Fabaceae (31) (Montezano et al. 2018). This includes economically valuable crops such as maize, rice, soybean, sorghum, wheat, barley and cotton. (de Freitas Bueno et al. 2011; Hardke et al. 2015; Montezano et al. 2018).  Amongst them, Maize (Zea mays L.) holds very high agricultural significance as a cereal crop and is one of the major hosts of FAW (Mallesh et al. 2025). 
In India FAW was first detected in the maize fields of Shivamogga, Karnataka during mid-May 2018 (Ganiger et al. 2018). This is a crucial finding, as maize is the third most staple food crop in India. Despite FAW being highly polyphagous, maize showed the highest yield loss compared to other host plants (Overton et al. 2021; Keerthi et al. 2021). Since its first incidence in Karnataka, it has rapidly spread to all maize cultivating states of India (Suby et al. 2020) mainly due to its high migratory ability, high fecundity and suitable condition for its proliferation. Even in regions with colder climatic conditions such as Jammu and Kashmir (Wani et al. 2025). The spread further moved to bordering countries of India, viz. Bangladesh, Myanmar, Nepal and Thailand in December 2018; Sri Lanka and China in January 2019; South Korea and Japan in July 2019 (Suby et al. 2020); Australia in January 2020 (Biosecurity Queensland, 2020); Indonesia, Philipines and Papua New Guinea in 2020-21. The spread most likely could have resulted as commodity contaminant on international cargo as lepidopterans are known for their survival during long haul flights and their capacity to oviposit on non-plant substrates (Sparks 1979; Thomson et al. 1984) or due to air-current supported long migrations. Even in arid areas like UAE (EPPO 2020a), Israel (EPPO 2020b) and Jordan (EPPO 2020c) its presence was reported. In Kerala FAW was observed in banana in 2020 (Ragesh and Balan, 2020). A risk assessment study conducted in Europe suggested that lower temperatures could limit the preferred conditions for FAW (Jeger et al. 2018). However, Mediterranean coastal areas of Southern Europe are potentially suitable for their establishment (Gilioli et al. 2023).  
In both Asia and Africa FAW incidence is a serious threat to food security and livelihoods of numerous farming households that are especially dependent on maize cultivation. This pest also causes serious damage to several other crops such as sorghum, rice, sugarcane, wheat, millets, ginger, soybean, tomato, cabbage, groundnut, banana, pasture grasses and green amaranth (Rwomushana et al. 2018; Matova et al. 2020). The economic impact of FAW accounts for both direct yield losses and expenditures on pest control measures, including synthetic pesticides, labour and other IPM strategies (Prasanna et al. 2022a). To combat FAW infestations, farmers often rely on chemical pesticides and their repeated usage has led to the development of resistance among FAW populations. The excessive pesticide usage can contribute to broader ecological imbalances such as soil degradation and water contamination (Cassman and Harwood, 1995). The residue from these can potentially end up in food products leading to long-term health issues among consumers. Additionally, the unpredictability of FAW outbreaks, often result in severe economic losses (Appannagari, 2017). By understanding its adaptability and biology, devising effective and sustainable strategies are essential. Initiatives based on communities, favourable agricultural policy interventions and education programs for farmers are crucial strategies in the mitigations of the impact caused by FAW infestations (Tambo et al. 2021).
Research in India concerned to the pest largely falls into eight categories as; (i) First reports (state/region wise); (ii) Field surveys and spread; (iii) Host ranges and feeding assays; (iv) Risk modelling; (v) Physiological and endosymbiont studies; (vi) Molecular and genetic studies; (vii) Management and mitigation studies; (viii) Review and guidance articles. This review provides an in-depth synthesis of research conducted within the country, encompassing the pest’s biological characteristics, factors influencing its prevalence, variations in host susceptibility and genetics, and approaches for its effective management.
1. Biology and Life Cycle: The FAW life cycle includes egg (2-3 days) larvae, with six instars (13-14 days), pupae (7-8 days) and adult (7-21 days) (Prasanna et al. 2018; Sharanabasappa et al. 2018). The eggs are creamy white in colour that are dome shaped with a flattened base. The adult female lays 100-200 eggs mostly on upper and lower sides of the host plant leaf (Prasanna et al. 2018; Bajracharya and Bhat, 2019). They prefer to lay eggs on Poaceae than any other plant family (Whitford et al. 1988; Silva et al. 2017) as they are attracted to certain volatiles (Signoretti et al. 2012). They show electrophysiological responses to a range of volatiles such as linalool, beta-ocimene, and alpha-pinene (Malo et al. 2004). 
Eggs hatch within 2-4 days at 21-27 °C. After hatching, the early instar secretes a silk thread that facilitates their spread. The larval stage has six instars and turns from green to greenish brown during the second instar and from the third instar; it turns brown with three dorsal and lateral white lines (Prasanna et al. 2018; Sharanabasappa et al. 2019). They feed on leaves causing white patches, scrapping and skeletonizing of the epidermal layer. In contrast, the later instars inflict extensive leaf tissue damage resulting in elongated holes (S. S. Deshmukh et al. 2021) leaving excess faecal pellets in the plant whorl. They also exhibit cannibalistic behaviour on younger larvae (Neelima et al. 2020). Severity of the defoliation however depends on the infestation rate.  The pupal stage takes place a few centimetres beneath the soil and typically lasts from 8-9 days in summer and 20-30 days during winter (CABI, 2019). The adult life span differs between sexes, with females live up to 9-12 days and 7-9 days in males with average wingspans of 3.20 cm and 3.25 cm respectively (Sharanabasappa et al. 2018)
Depending on the growth stage of the host plant (maize) the larvae is seen in different parts including leaf whorls, young leaves, tassels and cob (Goergen et al. 2016). Approximately 25-50% damage to the leaf, silk and tassel resulted in 60% yield reduction (Chimweta et al. 2019).
2. Factors affecting the dynamics of FAW: Parameters such as mortality, growth, abundance, number of generations and survival depends on environmental and climatic conditions (Ramirez et al. 2017). It thrives in wet and cool conditions and outbreaks are significantly evident after rainfall with higher relative humidity (Westbrook and Sparks, 1986).
FAW prefers the temperature range of 17-32°C with increased larval developmental rate at temperatures ranging between 26-32°C and highest survival rates in the 26-30°C range. Its survival rate significantly reduces at lower temperatures. (Du Plessis et al. 2020). Specifically, at temperatures below 10°C, the development is ceased (Assefa and Ayalew, 2019). Egg survival rates increases at higher levels of humidity, which ensures a more substantial progeny (Lees et al. 2019). Moderate rain provides a conducive environment whereas heavy rainfall leads to washing away of eggs and young larvae (Durie et al. 1961).
All the developmental stages can adapt to lower temperatures to varying degrees i.e. egg < adult < larva < pupa (Xie et al. 2019) with the adult stages being most sensitive to temperature with less than 25% survival rates at ~5 °C and death at colder temperatures (Du Plessis et al. 2020). FAW displays high migratory ability to fly over 100 km overnight to find preferred environmental habitats (Tendeng et al. 2019). Moths that are 3 days’ old showed the most flight capability (Ge et al. 2019).
3. Susceptible Host Plants: In a study conducted in China the susceptibility of FAW on forest species was tested in six tropical tree species (A. catechu, C. nucifera, H. brasiliensis, D. odorifera, C. oleifera, A. sinensis) and Z. mays, which served as the control.  The most susceptible host is A. sinensis with C. oleifera having least vulnerability (Jiabao et al. 2024). No reports of susceptibility testing on broad-leaf forestry species are available for this noxious pest in India. Other known and potential hosts are Bambusa spp. (bamboo), Wild Grasses, foxtail grasses, wild sugarcane (Saccharum spontanum) and Indian goosegrass (Elusine indica) (Wu et al. 2019). A recent study showed Ficus microcarpa L that commonly grows near cornfields as a potential host (Chen et al. 2025). In a recent study by Krishnan et al. 2025 on 31 bamboo species; Dendrocalamus latiflorus, D. stocksii, Thyrsostachys oliveri, and T. siamensis were found susceptible to FAW. Further research regarding other forest species is limited.
Although significant studies are limited in forestry species, multiple horticulture species are reported as host of FAW. Plants like Carica papaya (papaya), Spinacia oleracea (spinach), Cucumis sativus (cucumber), Beta vulgaris L., Cichorium intybus L., Fragaria x ananassa L., Brassica rapa L., Vigna unguiculata, Lactuca sativa, Brassica oleracea var. capitata, Brassica oleracear var. botrytis, Eruca vesicaria subsp. sativa, etc. were found susceptible to FAW (Nurkomar et al. 2023, Ouda, 2024) are found in India and could become potential host plants. In addition, plantation species like Hevea brasiliensis (rubber), Musa paradisiaca (plantain), Cocos nucifera etc. have host potential and close monitoring is required (Montezano et al. 2018; Xue et al. 2024). The study looked into the diversity of host plants reported from India as susceptible to FAW as 161 species (Table 1.) belonging to 38 plant families (Figure 1).
Table 1: List of host plants of Spodoptera frugiperda in India
	Sl. No.
	Host Plant
	Family
	References

	1
	Abelmoschus esculentus (okra)
	Malvaceae
	Montezano et al. (2018)

	2
	Acanthospermum hispidum
	Asteraceae
	Montezano et al. (2018); Ugiomoh et al. (2022) 

	3
	Agrostis (bentgrasses)
	Poaceae
	Montezano et al. (2018), Singla, 2024

	4
	Agrostis gigantea (black bent)
	Poaceae
	Montezano et al. (2018), Capinera, J. L. (2000)

	5
	Agrostis stolonifera (creeping bentgrass)
	Poaceae
	Montezano et al. (2018), Singla, 2024

	6
	Alcea rosea (Hollyhock)
	Malvaceae
	Montezano et al. (2018), Kefayat et al. (2025)

	7
	Allium cepa (onion)
	Liliaceae
	Cokola et al. (2021)

	8
	Allium sativum (garlic)
	Liliaceae
	Montezano et al. (2018)

	9
	Amaranthus viridis L
	Amaranthaceae
	Maruthadurai, R., & Ramesh, R. (2020)

	10
	Amaranthus spinosus (spiny amaranth)
	Amaranthaceae
	Montezano et al. (2018)

	11
	Asparagus officinalis (asparagus)
	Liliaceae
	Jha et al. (2014); Montezano et al. (2018), Ye et al. (2022); 

	12
	Asplenium nidus  (bird's nest fern)
	Aspleniaceae
	Montezano et al. (2018)

	13
	Avena sativa (oats)
	Poaceae
	Montezano et al. (2018)

	14
	Avena strigosa (black oat)
	Poaceae
	Montezano et al. (2018); Carvalho et al. (2022)

	15
	Dendrocalamus latiflorus
	Poaceae
	Krishnan et al. 2025

	16
	Pseudoxytenanthera stocksii
	Poaceae
	Krishnan et al. 2025

	17
	Thyrsostachys oliveri
	Poaceae
	Krishnan et al. 2025

	18
	Thyrsostachys siamensis
	Poaceae
	Krishnan et al. 2025

	19
	Beta vulgaris (beetroot)
	Chenopodiaceae
	Smigocki et al. (2008); Montezano et al. (2018); Ouda, M. I. (2024)

	20
	Beta vulgaris var. cicla
	Chenopodiaceae
	Montezano et al. (2018)

	21
	Beta vulgaris var. saccharifera (sugarbeet)
	Chenopodiaceae
	Smigocki et al. (2008); Montezano et al. (2018)

	22
	Brassica napus var. napus (rape)
	Brassicaceae
	Montezano et al. (2018); Ouda, M. I. (2024)

	23
	Brassica oleracea var. botrytis (cauliflower)
	Brassicaceae
	Montezano et al. (2018); Yuning et al. (2022)

	24
	Brassica oleracea var. capitata (cabbage)
	Brassicaceae
	Montezano et al. (2018); Yuning et al. (2022)

	25
	Brassica oleracea var. viridis (collards)
	Brassicaceae
	Montezano et al. (2018); Fahmi, F. (2023)

	26
	Brassica rapa (field mustard)
	Brassicaceae
	Montezano et al. (2018);Yuning et al. (2022)

	27
	Brassica rapa subsp. oleifera (turnip rape)
	Brassicaceae
	Nurkomar et al. (2023)

	28
	Brassica rapa subsp. rapa (turnip)
	Brassicaceae
	Nurkomar et al. (2023)

	29
	Cajanus cajan (pigeon pea)
	Fabaceae
	Montezano et al. (2018)

	30
	Capsicum annuum (bell pepper)
	Solanaceae
	Ahn et al. (2011); Montezano et al. (2018)

	31
	Capsicum frutescens (chilli)
	Solanaceae
	Montezano et al. (2018)

	32
	Carica papaya (papaya)
	Caricaceae
	Montezano et al. (2018)

	33
	Chenopodium quinoa (quinoa)
	Chenopodiaceae
	Montezano et al. (2018); Lu et al. (2023); Cruces et al. (2024)

	34
	Chloris gayana (Rhodes grass)
	Poaceae
	Montezano et al. (2018); Adnan et al. (2024)

	35
	Chrysanthemum (daisy)
	Asteraceae
	Montezano et al. (2018)

	36
	Chrysanthemum morifolium
	Asteraceae
	Montezano et al. (2018)

	37
	Cicer arietinum (chickpea)
	Fabaceae
	Montezano et al. (2018); Correa et al. (2022)

	38
	Cichorium intybus (chicory)
	Asteraceae
	Montezano et al. (2018)

	39
	Citrullus lanatus (watermelon)
	Cucurbitaceae
	Montezano et al. (2018); Ileer et al. (2022)

	40
	Citrus aurantium (sour orange)
	Rutaceae
	Montezano et al. (2018)

	41
	Citrus limon (lemon)
	Rutaceae
	Montezano et al. (2018)

	42
	Citrus sinensis (sweet orange)
	Rutaceae
	Montezano et al. (2018)

	43
	Cocos nucifera
	Arecaceae
	Montezano et al. (2018); Xue et al. (2024)

	44
	Codiaeum variegatum (garden croton)
	Euphorbiaceae
	Montezano et al. (2018)

	45
	Coffea arabica (arabica coffee)
	Rubiaceae
	Montezano et al. (2018); de Castro et al. (2025)

	46
	Commelina benghalensis
	Commelinaceae 
	Montezano et al. (2018)

	47
	Commelina diffusa
	Commelinaceae 
	Montezano et al. (2018)

	48
	Commelina erecta
	Commelinaceae 
	Montezano et al. (2018)

	49
	Convolvulus arvensis (bindweed)
	Convolvulaceae
	Montezano et al. (2018)

	50
	Corchorus capsularis  (white jute)
	Malvaceae
	Montezano et al. (2018)

	51
	Corchorus olitorius
	Malvaceae
	Montezano et al. (2018)

	52
	Coriandrum sativum
	Apiaceae
	Montezano et al. (2018); Shoman et al. (2025)

	53
	Crotalaria juncea
	Fabaceae 
	Montezano et al. (2018); Meagher Jr et al. (2022)

	54
	Crotalaria spectabilis
	Fabaceae 
	Montezano et al. (2018); Araújo et al. (2021)

	55
	Cucumis melo (melon)
	Cucurbitaceae
	Montezano et al. (2018)

	56
	Cucumis sativus (cucumber)
	Cucurbitaceae
	Montezano et al. (2018); Herlinda et al. (2022)

	57
	Cucurbita argyrosperma (silver-seed gourd)
	Cucurbitaceae
	Montezano et al. (2018)

	58
	Cucurbita maxima (giant pumpkin)
	Cucurbitaceae
	Montezano et al. (2018)

	59
	Cucurbitaceae (cucurbits)
	Cucurbitaceae
	Montezano et al. (2018)

	60
	Cydonia oblonga (quince)
	Rosaceae
	Montezano et al. (2018)

	61
	Cynara cardunculus (cardoon)
	Asteraceae
	Montezano et al. (2018)

	62
	Cynodon dactylon (Bermuda grass)
	Poaceae
	Murúa, G., & Virla, E. (2004); Montezano et al. (2018)

	63
	Cyperus rotundus (purple nutsedge)
	Cyperaceae
	Montezano et al. (2018)

	64
	Dactyloctenium aegyptium (crowfoot grass)
	Poaceae
	Montezano et al. (2018)

	65
	Daucus carota (wild carrot)
	Apiaceae
	Montezano et al. (2018)

	66
	Dahlia pinnata (garden dahlia)
	Asteraceae
	Montezano et al. (2018)

	67
	Digitaria sanguinalis (large crabgrass)
	Poaceae
	Montezano et al. (2018); Su et al. (2022)

	68
	Echinochloa colona (junglerice)
	Poaceae
	Montezano et al. (2018); Su et al. (2022)

	69
	Echinochloa crus-galli (barnyard grass)
	Poaceae
	Montezano et al. (2018); Su et al. (2022)

	70
	Eleusine indica (goose grass)
	Poaceae
	Montezano et al. (2018); Fang et al. (2021)

	71
	Elymus repens (quackgrass)
	Poaceae
	Montezano et al. (2018)

	72
	Eryngium foetidum
	Apiaceae
	Montezano et al. (2018)

	73
	Eucalyptus camaldulensis (red gum)
	Myrtaceae
	Montezano et al. (2018)

	74
	Eucalyptus urophylla (Timor mountain gum)
	Myrtaceae
	Montezano et al. (2018)

	75
	Fagopyrum esculentum (buckwheat)
	Polygonaceae
	Montezano et al. (2018); Meagher Jr et al. (2022)

	76
	Festuca arundinacea (tall fescue)
	Poaceae
	Montezano et al. (2018)

	77
	Ficus carica
	Moraceae
	Montezano et al. (2018); Chen et al. (2025)

	78
	Fragaria ananassa (strawberry)
	Rosaceae
	Montezano et al. (2018)

	79
	Fragaria vesca (wild strawberry)
	Rosaceae
	Montezano et al. (2018)

	80
	Glycine max (soyabean)
	Fabaceae
	Montezano et al. (2018); Peruca et al. (2018); Araújo et al. (2021); Thamrin et al. (2022)

	81
	Gossypium hirsutum (Bourbon cotton)
	Malvaceae
	Armstrong et al. (2011); Tcach et al. (2015) Montezano et al. (2018)

	82
	Helianthus annuus (sunflower)
	Asteraceae
	Montezano et al. (2018);Wei et al. (2023) Bankar et al. (2025)

	83
	Hevea brasiliensis (rubber)
	Euphorbiaceae
	Montezano et al. (2018); Xue et al. (2024)

	84
	Hibiscus cannabinus (kenaf)
	Malvaceae
	Montezano et al. (2018)

	85
	Hordeum vulgare (barley)
	Poaceae
	Montezano et al. (2018); Fortuna et al. (2024)

	86
	Ipomoea aquatica (water spinach)
	Convolvulaceae
	Montezano et al. (2018)

	87
	Ipomoea batatas (sweet potato)
	Convolvulaceae
	Montezano et al. (2018); Herlinda et al. (2022)

	88
	Ipomoea purpurea (tall morning glory)
	Convolvulaceae
	Montezano et al. (2018)

	89
	Lactuca sativa (lettuce)
	Asteraceae
	Montezano et al. (2018); Ouda et al. (2024)

	90
	Lespedeza bicolor (bicolor lespedeza)
	Fabaceae
	Montezano et al. (2018)

	91
	Linum usitatissimum (flax)
	 Linaceae
	Montezano et al. (2018)

	92
	Lolium multiflorum (Italian ryegrass)
	Poaceae
	Montezano et al. (2018)

	93
	Luffa aegyptiaca
	Cucurbitaceae
	Montezano et al. (2018)

	94
	Malus domestica (apple)
	Anacardiaceae
	Montezano et al. (2018)

	95
	Mangifera indica (mango)
	Marantaceae
	Montezano et al. (2018)

	96
	Maranta arundinacea (arrowroot)
	Fabaceae
	Montezano et al. (2018)

	97
	Medicago sativa (lucerne)
	Poaceae
	Montezano et al. (2018)

	98
	Megathyrsus maximus (Guinea grass)
	Fabaceae
	Maruthadurai R and Ramesh R (2020)

	99
	Mucuna deeringiana 
	Fabaceae
	Montezano et al. (2018)

	100
	Musa (banana)
	Musaceae
	Gavas Ragesh and Sanju Balan (2020)

	101
	Musa x paradisiaca (plantain)
	Solanaceae
	Montezano et al. (2018)

	102
	Nicotiana tabacum (tobacco)
	Poaceae
	Phambala et al. (2020); Koffi et al. (2021); Ginez-Gilo, J. C., & Ginez, J. C. (2025)

	103
	Ocimum basilicum
	Poaceae
	Montezano et al. (2018); Phambala et al. (2020);

	104
	Oryza latifolia
	Poaceae
	Stout et al. (2009); Montezano et al. (2018)

	105
	Oryza sativa (rice)
	Poaceae
	Montezano et al. (2018)

	106
	Panicum miliaceum (millet)
	Poaceae
	Montezano et al. (2018); Adnan et al. (2024)

	107
	Panicum virgatum
	Poaceae
	Prasifka et al. (2009); Montezano et al. (2018)

	108
	Paspalum dilatatum (dallisgrass)
	Poaceae
	Montezano et al. (2018)

	109
	Paspalum distichum (knotgrass)
	Poaceae
	Montezano et al. (2018)

	110
	Paspalum fimbriatum
	Poaceae
	Montezano et al. (2018)

	111
	Paspalum notatum (Bahia grass)
	Poaceae
	Montezano et al. (2018)

	112
	Passiflora edulis (passionfruit)
	Passifloraceae
	Montezano et al. (2018)

	113
	Pennisetum glaucum (pearl millet)
	Poaceae
	Montezano et al. (2018); Yaméogo et al. (2024); Putra, I. L. I., & Mahdiana, L. F. (2024)

	114
	Phalaris canariensis (canary grass)
	Fabaceae
	Montezano et al. (2018)

	115
	Phaseolus lunatus (lima bean)
	Fabaceae
	Montezano et al. (2018); Scheidegger et al. (2021)

	116
	Phaseolus vulgaris (common bean)
	Poaceae
	Montezano et al. (2018); Fonsêca et al. (2022)

	117
	Phleum pratense (timothy grass)
	Pinaceae
	Montezano et al. (2018)

	118
	Pinus (pines)
	Pinaceae
	Montezano et al. (2018)

	119
	Piper (pepper)
	Fabaceae
	Montezano et al. (2018)

	120
	Pisum sativum (pea)
	Platanaceae
	Montezano et al. (2018); El-Shennawy et al. (2022); Liu et al. (2023)

	121
	Platanus occidentalis (sycamore)
	Apocynaceae
	Montezano et al. (2018)

	122
	Plumeria rubra (red frangipani)
	Poaceae
	Santiago-Blay, J. A. (1983); Montezano et al. (2018)

	123
	Poa annua (annual meadowgrass)
	Poaceae
	Montezano et al. (2018)

	124
	Poa pratensis (smooth meadow-grass)
	Poaceae
	Montezano et al. (2018)

	125
	Portulaca oleracea (purslane)
	Rosaceae
	Montezano et al. (2018); Su et al. (2022); Wei et al. (2023)

	126
	Prunus persica (peach)
	Lithomyrtus
	Montezano et al. (2018)

	127
	Psidium guajava (guava)
	Fabaceae
	Montezano et al. (2018); Xue et al. (2024)

	128
	Raphanus sativus (radish)
	Euphorbiaceae
	Montezano et al. (2018); Wang et al. (2023)

	129
	Ricinus communis (castor bean)
	Rosaceae
	Montezano et al. (2018); Gopalakrishnan, R., & Kalia, V. K. (2022); Ajmal  et al. (2024)

	130
	Saccharum officinarum (sugarcane)
	Poaceae
	Matti and Patil (2019); Su et al. (2025)

	131
	Secale cereale (rye)
	Pedaliaceae
	Montezano et al. (2018); Lu et al. (2023)

	132
	Sesamum indicum (sesame)
	Poaceae
	Montezano et al. (2018)

	133
	Setaria italica (foxtail millet)
	Poaceae
	Montezano et al. (2018); Lu et al. (2023); Adnan et al. (2024)

	134
	Setaria parviflora (knotroot foxtail)
	Poaceae
	Montezano et al. (2018)

	135
	Setaria viridis (green foxtail)
	Solanaceae
	Montezano et al. (2018); Adnan et al. (2024)

	136
	Solanum lycopersicum (tomato)
	Solanaceae
	Montezano et al. (2018); Cao et al. (2021)

	137
	Solanum melongena (aubergine)
	Solanaceae
	Montezano et al. (2018); Cao et al. (2021)

	138
	Solanum tuberosum (potato)
	Solanaceae
	Tariq et al. (2021)

	139
	Sorghum
	Poaceae
	Molina-Ochoa et al. (2003); Molina-Ochoa et al. (2004); Molina-Ochoa et al. (2001); Gilal et al. (2020)

	140
	Sorghum bicolor (sorghum)
	Poaceae
	Montezano et al. (2018); Lu et al. (2023)

	141
	Sorghum caffrorum
	Poaceae
	Pietre, H. N. (1979); Montezano et al. (2018)

	142
	Sorghum halepense (Johnson grass)
	Poaceae
	Molina-Ochoa et al. (2003); Molina-Ochoa et al. (2004)

	143
	Sorghum sudanense (Sudan grass)
	Chenopodiaceae
	Montezano et al. (2018)

	144
	Spinacia oleracea (spinach)
	 
	Montezano et al. (2018); Nurkomar et al. (2023); Rahmawati, A. E., & Rahardjo, B. T. (2024)

	145
	Tanacetum cinerariifolium (Pyrethrum)
	Asteraceae
	Montezano et al. (2018)

	146
	Taraxacum officinale complex (dandelion)
	Combretaceae
	Montezano et al. (2018)

	147
	Trifolium incarnatum (Crimson clover)
	Fabaceae
	Montezano et al. (2018); EFSA et al. (2025)

	148
	Trifolium pratense (red clover)
	Fabaceae
	Montezano et al. (2018); EFSA et al. (2025)

	149
	Trifolium repens (white clover)
	Poaceae
	Montezano et al. (2018)

	150
	Triticum aestivum (wheat)
	Poaceae
	Montezano et al. (2018); Liu et al. (2023); Lu et al. (2023);  Gong et al. (2023); Amjad et al. (2024)

	151
	Urochloa decumbens (signal grass)
	Poaceae
	Montezano et al. (2018); Dos Santos et al. (2022)

	152
	Urochloa mutica (para grass)
	Poaceae
	Maruthadurai R and Ramesh R (2020)

	153
	Urochloa ramosa (browntop millet)
	Poaceae
	Montezano et al. (2018)

	154
	Vaccinium corymbosum (blueberry)
	Fabaceae
	Montezano et al. (2018)

	155
	Vigna unguiculata (cowpea)
	Fabaceae
	Neves Costa E et al. (2019); Costa et al. (2020)

	156
	Viola sp. (violet)
	Vitaceae
	Montezano et al. (2018)

	157
	Vitis vinifera (grapevine)
	Fabaceae
	Bortolotto et al. (2022)

	158
	Xanthium strumarium (common cocklebur)
	Poaceae
	Souza et al. (2015)

	159
	Zea mays (Maize)
	Poaceae
	Ganiger et al. (2018) Dharmpal et al. (2020); Viteri et al. (2019); Lee et al. (2020); Molina-Ochoa et al. (2003); Molina-Ochoa et al. (2004); Farias et al. (2008); Molina-Ochoa et al. (2001); Gilal et al. (2020); Supartha et al. (2021); Novri et al. (2021); Jamil et al. (2020); Bajracharya et al. (2020); Perera et al. (2019); Herlinda et al. (2022); Hernández-García et al. (2021); Chandramani et al. (2022); Masroor et al. (2022)

	160
	Zea mays subsp. mays (sweetcorn)
	Poaceae
	Dharmpal et al. (2020)

	161
	Zingiber officinale (ginger)
	Poaceae
	Montezano et al. (2018)
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Figure 1.  Visualization of diversity of Spodoptera frugiperda host plant families
4. Genetics: Two morphologically similar but genetically different FAW strains were identified using mtDNA cytochrome oxidase sequences by Luttrell (2006), namely C strain which predominantly damaged maize, sorghum and cotton whereas, R strain infested rice, pasture and forage grasses (Pashley 1992, Groot et al. 2008). BLASTn searching of DNA barcodes from the Indian specimens of FAW unveiled 98-99% nucleotide sequence similarity with the specimens from USA, Ghana, Nigeria, Uganda and Canada in maize field population (Mahadeva et al. 2018). 99% genetic similarity was reported between the ‘R’ strain population from Andhra Pradesh, India to Mexican haplotypes of ‘C’ strain (Bhavani et al. 2019). Further single marker analysis of moths from India, Myanmar and southern China indicated similar genetics to those from West Africa (Nagoshi et al. 2019; Nagoshi et al. 2020). Despite the genomic difference, both the strains fed on maize (Shrawan et al. 2024). 
5. Control Measures against FAW: Management of FAW requires comprehensive knowledge on the biology, feeding behaviour, global invasion patterns, and degree of damage caused (Nyamutukwa et al. 2022; Prasanna et al. 2022a). Key factors to consider when evaluating IPM strategies against FAW include efficacy, safety, cost effectiveness and accessibility, particularly in developing and underdeveloped nations (Prasanna et al. 2022). Farmers have raised concerns on the usage of hazardous pesticides, which pose serious risk to human health and environment. In addition, FAW populations have developed resistance to certain cheaper and broad-spectrum pesticides, which diminishes its effectiveness (Day et al. 2017). In response to the threat, the FAO launched a Global Action for FAW control in 2019. This aims to substantiate preventive measures and promote sustainable pest control through the implementation of IPM in countries with significant pest presence (FAO 2021). Numerous technological and management strategies have been developed and are currently accessible for managing FAW. These include host plant resistance, cultural and biological control measures (parasitoids and predators) bio pesticides, agro ecological management techniques and mating disruption by using pheromones (Prasanna et al. 2018).
Natural enemies such as parasitoids, predators and entomopathogens hold potential in controlling the FAW population. This being sustainable, reduces the chances of environmental contamination and other detrimental effects on the ecosystem (Chen et al. 2019). Multiple nucleopolyhedrovirus (SfMNPV) is a naturally occurring insect virus that has potential use in FAW management (Haase et al. 2015). In Karnataka and Tamil Nadu five naturally occurring larval parasitoids, 3 predators and 1 entomopathogenic fungus were detected (Naganna et al. 2020). Similarly, in Gujarat, the natural occurrence of Nucleopolyhedrovirus infection on FAW was detected in maize fields (Raghunandan et al. 2019). Unlike conventional chemical pesticides, eco-friendly, non-toxic biocontrol agents such as baculoviruses are safer alternatives (Gramkow et al. 2010). When FAW feed on susceptible host plants treated with baculovirus incorporated herbicides, it induces reduced growth and development in FAW, thereby enhancing their susceptibility to predation (Fan et al. 2008). Parasitoids such as Telenomus remus Nixon and Trichogramma pretiosum Riley is an egg parasitoid with higher efficiency if they are released during early morning and is a field tested biocontrol option (Xiang et al. 2016; Parra et al. 1987; Wengrat et al. 2021).
At later larval stages, FAW is less susceptible to insecticides as they lodge themselves inside leaf whorls reducing the efficacy of the insecticide (Cook et al. 2004; Carvalho et al. 2013). FAW is also among the 15 most insecticide resistant insect species due to increased detoxification and target site mutations (Sparks et al. 2020). An increased expression of cytochrome P450 enzymes belonging to the CYP9A subfamily, which shown to have the property to detoxify certain insecticides was found in the Indian FAW population (Suby et al. 2020).
A study on sub-lethal effects of an indigenous strain of Spodoptera frugiperda nucleopolyhedrovirus (SpfrNPV) infecting fall armyworm in India showed reduced percentage of egg hatching in the subsequent generation. (Onkarappa et al. 2023). An extended larval and pupal developmental period was observed in infected populations (Cabodevilla et al. 2011). Hence, this indigenous SpfrNPV strain can be used in the sustainable and resilience IPM program in the country. Additionally, the natural epizootics and parasitoids against the FAW are listed in Table 2.
Table 2. Potential biocontrol agents as predators and parasitoids of Spodoptera frugiperda under scrutiny in Indian research system.
	Sl No
	Scientific name
	Family
	Host stage
	Reference

	1
	Telenomus sp.
	Hymenoptera: Platygastridae
	Egg parasitoid
	Shylesha et al. (2018), ICAR-NBAIR (2019), and Patel et al. (2020)

	2
	Trichogramma sp
	Hymenoptera: Trichogrammatidae
	Egg parasitoid
	Shylesha et al. (2018), Navik et al. (2019), and Sharanabasappa et al. (2020a)

	3
	Chelonus formosanus Sonan
	Hymenoptera: Braconidae
	Egg-larval parasitoid
	Gupta et al. (2020b)

	4
	Coccygidium melleum (Roman)
	Hymenoptera: Braconidae
	Endo larval parasitoid
	Sharanabasappa et al. (2019a)

	5
	Coccygidium luteum (Roman)
	Hymenoptera: Braconidae
	Endo larval parasitoid
	Kannidi et al. (2020)

	6
	Coccygidium transcaspicum (Kokujev)
	Hymenoptera: Braconidae
	Endo larval parasitoid
	Gupta et al. (2020b)

	7
	Campoletis chlorideae Uchida
	Hymenoptera: Ichneumonidae
	Endo larval parasitoid
	Shylesha et al. (2018)

	8
	Eriborus sp
	Hymenoptera: Ichneumonidae
	Endo larval parasitoid
	Sharanabasappa et al. (2019a)

	9
	Odontepyris sp.
	Hymenoptera: Bethylidae
	Larval parasitoid
	Sharanabasappa et al. (2019a)

	10
	Exoristas orbillans (Wiedemann)
	Diptera: Tachinidae
	Endo larval parasitoid
	Sharanabasappa et al. (2019a), Patel et al. 2020

	11
	Forficula sp.
	Dermaptera: Forficulidae
	Predator
	Shylesha et al. (2018)

	12
	Harmonia octomaculata (Fabricius)
	Coleoptera: Coccinellidae
	Predator
	Sharanabasappa et al. (2019a)

	13
	Coccinella transversalis Fabricius
	Coleoptera: Coccinellidae
	Predator
	Sharanabasappa et al. (2019a)

	14
	Eocanthecona furcellata Wolff
	Hemiptera: Pentatomidae
	Predator
	Shylesha and Sravika (2018) and Sharanabasappa et al. (2020a)

	15
	Andrallus spinidens (Fabr.)
	Hemiptera: Pentatomidae
	Predator
	Shylesha and Sravika (2018) and Sharanabasappa et al. (2020a)

	16
	Spodoptera frugiperda Nucleopolyhedrovirus
	Baculoviridae
	Entomopathogen
	ICAR-NBAIR(2019)and Raghunandan et al.(2019)

	17
	Metarhizium rileyi (Farlow) Samson
	Ascomycota: Clavicipitaceae
	Entomopathogen
	ICAR NBAIR (2019), Mallapur et al. (2018), 18Sharanabasappa et al19. (2019a,b)

	19
	Bacillus thuringiensis
	Bacillales: Bacillaceae
	Entomopathogen
	ICAR-NBAIR(2019)

	20
	Beauveria bassiana
	Hypocreales: Cordycipitaceae
	Entomopathogen
	ICAR-NBAIR(2019)

	21
	Beauveria feline (DC.) J.W. Carmich.
	Hypocreales: Cordycipitaceae
	Entomopathogen
	Mohan et al. (2020)

	22
	Heterorhabditis indica Poinar, Karunakar, and David
	Heterorhabditidae
	Entomopathogenic Nematode
	ICAR-NBAIR(2019)


Certain plant-based insecticides show potential to use against FAW without having non-target effects to natural predators (Isman, 2020). They are biodegradable and often safe to farmers, consumers and the environment. The extracts from Azadirachta indica and Gliricidia sepium showed reduction in plant damage by FAW by controlling the larval populations.
6. Early monitoring and preventive strategies: The foremost step in efficient management of FAW is employing appropriate methods for monitoring. Regular monitoring using techniques such as light traps, field inspection and pheromone traps is vital for early detection and prevention of spread (Haftay and Fissiha, 2020; Gebreziher, 2020). Physical and mechanical control measures such as handpicking and the destruction of egg masses and larvae by crushing them offer cost effective (although labour intensive) control over FAW spread, particularly in resource limited farming systems (Firake, 2019; Hruska, 2019). Crop rotation, destruction of stubble from previous harvest, can help reduce the number of pests (Cokola et al. 2023). Ploughing the soil ensures the burial of FAW pupae, reducing their survival rates (Abdullah et al. 2019). For early detection and differentiation of FAW from other noctuid moths at early instar stages, molecular approaches like recombinase polymerase amplification (RPA) assay facilitates timely decisions and employing strategies to prevent extensive crop damage (Channappa et al. 2025). Although labour intensive, early detection of FAW damage can be achieved through regular field monitoring by farmers and scouting for the presence of leaf perforations and accumulation of larval frass on the stem (Prasanna et al. 2018). Nocturnal monitoring of adult moth populations is done by trapping them, using light traps (Bhusal and Chapagain 2020). 
Employing pheromone-lure trapping to monitor, scout and identify pests at early stages, can aid in timely intervention to implement targeted control measures (Meagher et al. 2008; Hendrichs et al. 2021). Amongst various S. frugiperda’s female pheromone chemical components viz. (Z)-9-tetradecen-1-ol acetate (Z9-14:OAc), (Z)-9-dodecen-1-ol acetate (Z9-12:OAc), (Z)-7-dodecenyl acetate (Z7-12:OAc), (Z)-11-do-decenyl acetate (Z11-12:OAc), (Z)-11-hexadecenal(Z11-16:Ald), and (Z)-11-hexadecenyl acetate (Z11-16:OAc), (Z)-9-tetradecenyl acetate (Z9-14:Ac) and(Z)-7-dodecenyl acetate (Z7-12:Ac) are widely marketed. Pheromone trapping and field scouting for pest-infested plants can help in evaluating infestation levels for employing adequate control measures (Linduska and Harrison 1986; McGrath et al. 2018).
7. Agro-ecological suitability: In India, characterized by high humidity and moderately high temperatures enables the proliferation of FAW, which necessitates the need for continuous vigilance to prevent its spread to wider areas. The typical planting season is from mid-June to July, mid-November to January and mid-February to March during kharif, rabi and spring seasons, respectively. In maize growing areas, early sowing can result in low infestation of FAW. On the contrary, late plantings increase the pest infestation due to year-round availability of host plants (Gowda et al. 2024).
To prevent the introduction of invasive pests from other countries, implementation of pest risk analysis along with quarantine and analysis of the plant and thorough phytosanitary inspection of plants should be made mandatory (Latha, and Venkatesan, 2023). Plant quarantine plays a vital role at the global scale as it facilitates the safe global trade of agricultural commodities by providing comprehensive phyto-sanitary certifications to ensure its safety and minimise risk of invasive pests. The containment of invasive species at the initial site can prevent its further spread (Paini et al. 2016). Usage of IPM utilises multiple management tools that enables sustainable pest suppression. Biological and ecological control strategies such as prescribed burning, grazing, usage of machinery, manual destruction of invasive species by hand are the techniques used to combat this issue. In addition, focus on research through marker-assisted selection using crop wild relatives to integrate desirable resistant traits and transgenic crops can be implemented. With advancements in AI, remote sensing, recording bioacoustics and visual imagery can be analysed. Machine learning models incorporated with AI, can be trained to recognize the signs of FAW damage on crop, which can help accurately, predict FAW infestations (Prabha et al. 2021). 
Discussion

[bookmark: _heading=h.so7emra2mtom]FAW has hindered production of maize in Asia since 2018. Its transboundary spread and proliferation, which most likely occurred because of climate change and global trade. Since its incidence in Asia, maize yields have significantly diminished, which triggered an over reliance on chemical insecticides (FAO 2022). This can potentially lead to negative socio-economic impacts and compromises food and nutrition security at regional and national levels. Broad application of insecticides has also leads to the development of resistance in FAW strains. The increase in expenditure for pest management, results in the increased crop production expenses, elevates the market price of crops that compromises accessibility and affordability. Even genetically modified Bt crops were reported to be ineffective as Bt-resistant FAW populations have emerged, which highlights the need for a diverse array of management strategies (Horikoshi et al. 2016). The pest got spread to both the length and breadth of the country and succeeded in the establishment phase. Sudden population explosion can be expected in the country with critical horticultural loss by this polyphagous pest.
Food and Agricultural Organization of the United Nations has published a technical guidance on early warning systems and sustainable management of FAW for 2022-2026 which was followed in India for the policy frame works. This provides a regional framework that coordinates the sustainable management of FAW to promote protection of crops and support the restoration of maize yields. Region-wide and local scale operation of FAW monitoring can be done using FAW Monitoring and Early Warning System (FAMEWS) mobile app (currently only available on iOS in India), which compiles and presents locally collected data to farmers. However, its unavailability on android devices and limited access of smartphones to farmers remains to be a problem (Coggins et al. 2022). Targeted workshops and technical assistance programs should be initiated to enhance the farmer’s digital proficiency in using smartphones as the development of mobile-based apps could enable them to validate field observations and facilitate precise monitoring with the aid of GPS. 
Many of the airports and harbours do not follow phytosanitary protocols during the transport of live plants, which increases the chance of transboundary pest transfer. Lapses in early reporting can hinder the destruction of the initial infestation and remains to be one of the reasons for the introduction and spread (Prasanna et al. 2022b). The major management strategies must include, (i) Development and operationalizing integrated regional surveillance framework, which incorporates monitoring tools, that provides real-time data and prediction models to improve chances of early detection and forecasting of FAW spread in vulnerable areas; (ii) Implementing year-round and seasonal IPM strategies to manage FAW populations using biological control agents, resistant crop varieties etc; (iii) The co-ordination of regional and national policies, standards and regulatory frameworks to ensure cohesive and region-specific strategies; (iv) Support interventions that aim at reducing socio-economic and environmental risks associated with FAW.                                                                                            
Climate change further exacerbates the issue, as changes in temperature and rainfall patterns alters the frequency, intensity, distribution, behaviour and life cycle of these pests (Hosseinzadeh-Bandbafha et al. 2022). This results in the steady weakening of natural enemies and disrupts prey-predator interactions.  Although modern technologies such as genetically modified crops and molecular diagnostic tools offer promising solutions, access remains limited, particularly in developing and underdeveloped countries (Khan et al. 2023) Shortage of work force for field surveys and improved technologies and insufficient timely communication between FAW affected neighbouring countries further contributes to the escalation of infestations. Lack of awareness and training among small-scale farmers hinders the comprehensive implementation of effective control measures. For addressing these challenges, it requires a holistic, multifaceted approach that ensures equitable access to knowledge and resources, which are biological, cultural, mechanical and chemical strategies. Local surveys, conducting systematic research on the effect of FAW during varying crop cycles, and conducting multi location studies on insect resistance is necessary (Zanzana et al. 2024). A task force should be created that comprise of entomologists, university professors, extension professionals and policymakers for the coordination and interaction with other countries via organisations to ensure transfer of data and knowledge, and to maintain a national database on invasive species. To foster better understanding and exchange of ideas among scientists from different countries can serve as a foundation for future collaborations and cooperation (Karakkottil et al. 2024). Industrial adaptation on the utilization of FAW damaged produce should also be worked out for supporting the farmers and agro-economy of the country.
Conclusion

FAW due to its highly invasive nature poses tremendous threat to crop plants and a potential threat to forest species where limited research has been conducted. Its polyphagous nature paired with high fecundity and adaptability further exacerbates the problem, resulting in severe economic and ecological consequences. Since its first incidence in Karnataka, India in 2018; it has rapidly spread across the country with reports from nearly all the states by 2020. For predicting its spread and potential impacts, understanding its biology, strain variations, adaptations, and migration patterns is important. International collaborations are vital to enhance the data repository on S. frugiperda for future research programs and IPM strategies. The enforcement of plant quarantine measures and phytosanitary protocols must be made mandatory globally to curb the transboundary movement of such invasive species. Sustainable IPM strategies emphasising the deployment of resistant crop varieties, integration of ecologically feasible farming practices, utilization of biocontrol agents, such as parasitoids and bio pesticides are vital. The systematic evaluation of FAW impact, particularly in India and other affected regions, is crucial to identify existing research gaps and offer insights for economic loss, host range, population genetics, resistance monitoring and surveillance systems.
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