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Fall armyworm (Spodoptera frugiperda) is a highly destructive, migratory lepidopteran pest of maize with global economic importance. Native to the Americas, it has recently invaded Africa and Asia, causing serious yield losses. Its polyphagy, high reproductive potential, and resistance to several insecticides complicate management. This chapter summarizes its history, taxonomy, biology, damage, economic impact, and integrated management strategies with emphasis	on	biological	and	eco-friendly	approaches.
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Introduction

Maize (Zea mays L.) is a principal cereal crop cultivated worldwide, forming a cornerstone of food security, livestock feed, and economic stability—especially for smallholder farmers in Africa, Asia, and the Americas (Gheith et al., 2022; Sanodiya et al., 2023). Among the numerous pests that threaten maize production, the fall armyworm (Spodoptera frugiperda ) has emerged as one of the most destructive and economically important insect pests in recent decades Capinera,2000; Harrison et al., 2019; Makgoba et al., 2021). Native to the tropical and subtropical regions of the Americas, fall armyworm is a highly polyphagous Lepidopteran capable of feeding on more than 350 plant species, including major cereals such as maize, rice, and sorghum a versatility that enables its establishment across diverse agro-ecological zones.
The pest’s larvae feed voraciously on maize leaves, whorls, and reproductive structures, leading to extensive defoliation and reduced grain yields if not managed properly .In 2016, fall armyworm was first reported in West and Central Africa, marking a significant invasive spread beyond its native range, and it has since expanded to many countries in Africa, Asia, and beyond .Its rapid global spread has exacerbated maize yield losses and heightened concerns over food security, particularly in regions where maize is a staple crop and farmers lack access to effective management resources
The pest’s high reproductive capacity, migratory ability, and adaptability to diverse climates make control challenging. Adult females can produce large numbers of eggs and populations







can build rapidly under favorable conditions. Consequently, understanding the biology, ecology, and integrated management strategies for fall armyworm is essential for safeguarding maize production and ensuring sustainable agricultural systems in affected regions. (Capinera,2000).
Fall armyworm attacks maize at all growth stages, but severe damage is commonly observed during the vegetative phase, where larvae feed voraciously on whorl leaves, resulting in extensive defoliation and yield reduction (Hruska and Gould, 1997;). In Africa, reported yield losses range from moderate to complete crop failure under severe infestation, posing a serious threat to food security. The pest’s ability to develop resistance to several insecticides and its adaptability to diverse agro-ecological zones further complicate management efforts (Sparks, 1986; Prasanna et al., 2018). Therefore, understanding the biology, ecology, damage potential, and management options of fall armyworm is essential for developing sustainable and integrated pest management strategies in maize-based farming systems.
History of Fall Armyworm

The fall armyworm (Spodoptera frugiperda J.E. Smith) was first recognized as a serious agricultural pest in the early twentieth century in the United States. One of the earliest comprehensive studies on its biology, seasonal occurrence, and damage described its recurrent outbreaks on maize and other cereals in the southern United States. Subsequent studies confirmed that S. frugiperda is native to the tropical and subtropical regions of the Americas, where it has long been a key pest of maize, sorghum, cotton, and several other crops (Vickery, 1929; Sparks, 1979).
Throughout the mid- and late-twentieth century, fall armyworm was extensively studied in North, Central, and South America due to its severe economic impact and its strong migratory behavior. Research during this period highlighted its inability to diapause, necessitating annual long-distance migration from warmer regions to temperate maize-growing areas (Rose et al., 1975; Sparks, 1986). Advances in population ecology and migration modeling further demonstrated that seasonal wind patterns facilitate large-scale movement of adult moths across continents (Nagoshi et al., 2012; Westbrook et al., 2016).
A major turning point in the history of fall armyworm occurred in 2016, when the pest was reported for the first time outside the Americas, causing widespread outbreaks in West and Central Africa (Goergen et al., ;2016) Within a short period, it spread rapidly across sub-

Saharan Africa, severely affecting maize production and raising significant concerns regarding food security
(Day et al., 2017; Abrahams et al., 2017). By 2017–2018, the pest had become firmly established across most maize-growing regions of Africa, prompting international attention and coordinated management efforts led by organizations such as FAO .The invasive success of fall armyworm is largely attributed to its high reproductive capacity, polyphagous nature, and adaptability to new agro-ecological environments, marking it as one of the most significant invasive insect pests of modern agriculture.
Host Range

The fall armyworm, Spodoptera frugiperda, is a highly polyphagous pest with a broad host range that contributes to its persistence and rapid spread across agro-ecosystems. Although maize is its preferred host, the insect has been reported to feed on more than 80 plant species belonging to different botanical families. Cereals such as maize, sorghum, rice, and millet serve as primary hosts, supporting complete larval development and high reproductive potential.
Apart from cereal crops, fall armyworm also infests several grasses and weed species, which act as alternate hosts and reservoirs during off-seasons. Weed-infested fields enhance larval survival and facilitate population carryover between cropping cycles (Norris & Kogan; 2000). Variation in host suitability has been observed among maize genotypes, with certain cultivars exhibiting partial resistance that reduces larval growth and feeding efficiency (Lara et al., 1984)
The wide host adaptability of S. frugiperda enables it to persist under diverse ecological conditions and complicates management strategies. Therefore, understanding host preference and crop-weed interactions is essential for designing effective integrated pest management programs.
Taxonomic Classification of Fall Armyworm

The fall armyworm is a lepidopteran insect belonging to the family Noctuidae, which comprises many agriculturally important nocturnal moths. Its taxonomic position has been well established through classical morphology and later supported by genitalic and molecular studies

Kingdom:Animalia Phylum:Arthropoda Class:Insecta Order:Lepidoptera Suborder:Glossata Infraorder:Heteroneura Superfamily:Noctuoidea Family:Noctuidae
Subfamily:	Noctuinae	(often	placed	in	Amphipyrinae	in	earlier	classifications)
Tribe:Prodeniini Genus:Spodoptera
Species: frugiperda (J.E. Smith)



Stage-wise Biology of Fall Armyworm

The fall armyworm undergoes complete metamorphosis, passing through egg, larval (six instars), pupal, and adult stages. Each stage has distinct biological and ecological characteristics that contribute to its pest status
Egg Stage

Eggs are laid in masses containing approximately 100–200 eggs, usually on the underside of maize leaves. The egg masses are often covered with a layer of grayish scales from the female abdomen, which protects them from desiccation and natural enemies (Luginbill,1928a; Capinera,2000). Eggs are dome-shaped, creamy white when freshly laid, and turn darker before hatching. The incubation period generally ranges from 2 to 3 days under warm tropical conditions.
Larval Stage

The larval stage of the fall armyworm (Spodoptera frugiperda) is the most damaging phase in its life cycle and consists of six instars before pupation. Larvae feed intensively on maize foliage and whorls, leading to significant crop damage and yield loss if unmanaged.
(Pathak et al., 2024).

The larval stage consists of six instars and is the most damaging phase.

1st instar: 2.60 ± 0.49 days

2nd instar: 2.70 ± 0.46 days

3rd instar: 2.50 ± 0.50 days

4th instar: 3.10 ± 0.83 days

5th instar: 3.30 ± 0.64 days

6th instar: 4.50 ± 0.67 days

Pupal Stage

Fully grown larvae drop to the soil and pupate at a depth of approximately 2–8 cm. The pupa is reddish-brown and smooth. The pupal stage typically lasts 7–14 days, with development influenced by soil moisture and temperature. Pupae are subject to predation and parasitism in the soil environment (Pair and Gross, 1984)
Adult Stage

Adult moths are medium-sized, nocturnal, and strong fliers capable of long-distance migration. Forewings of males are mottled gray-brown, while females are generally lighter and more uniformly colored (Brown and Dewhurst, 1975). Adults mate soon after emergence, and females may lay up to 1,000–1,500 eggs during their lifespan. The lack of diapause and high migratory capacity enable continuous reproduction and rapid spread in favorable environments.
Host Range and Ecological Distribution

The fall armyworm (Spodoptera frugiperda) is a highly polyphagous and ecologically adaptable pest with an exceptionally wide host range and broad geographic distribution, factors that contribute to its status as a major global agricultural threat . In its native Americas, FAW feeds on a diverse array of plant species; larval host plant lists include more than 350 species across 76 plant families, with grasses (Poaceae) such as maize and sorghum being the most preferred hosts cited in (Montezano et al.;2018). Beyond cereals, fall armyworm larvae are capable of completing their life cycle on crops including rice, sugarcane, soybean, cotton, wheat, barley, and various vegetables (e.g., tomato, cabbage) under suitable conditions, although performance and survival vary across hosts .Field surveys in India have similarly

documented FAW infestations on maize as well as on cowpea, chilli, sugarcane, cabbage, cauliflower, and sorghum, indicating its ability to exploit diverse hosts in varied agroecosystems.
Apart from cereal crops, fall armyworm also infests several grasses and weed species, which act as alternate hosts and reservoirs during off-seasons. Weed-infested fields enhance larval survival and facilitate population carryover between cropping cycles (Norris and Kogan, 2000). Variation in host suitability has been observed among maize genotypes, with certain cultivars exhibiting partial resistance that reduces larval growth and feeding efficiency (Lara et al., 1984)
Ecologically, FAW is native to tropical and subtropical regions of the Americas, where it completes multiple generations per year and is constrained by cold winters only in the far northern limits of its range. Its migration capability enables seasonal movement into temperate regions of North America but prevents overwintering outside warm areas Since its first detection outside the native range — in West and Central Africa in 2016 — FAW has rapidly expanded across sub-Saharan Africa, Asia, and Australia, establishing in diverse climates and cropping systems (reviewed generally in the literature on invasive distribution; In South Asia, reports indicate that FAW was first observed in India in 2018 and has since spread widely across maize-growing regions, demonstrating strong ecological plasticity and adaptation to new environments
The adaptability of FAW to a wide host range and its ability to exploit both primary hosts such as maize and alternative hosts in cereal, legume, and horticultural crops underscore the challenge of management across landscapes. This broad distribution and host flexibility make FAW a persistent threat to food security in tropical and subtropical agroecosystems worldwide.
Economic Threshold Level of Fall Armyworm

The economic threshold level (ETL) is defined as the pest density at which control measures should be applied to prevent the pest population from causing economic damage. For Spodoptera frugiperda, ETL varies depending on the crop growth stage, planting density, and local environmental conditions. In maize, early vegetative stages are particularly vulnerable, and even low larval infestations can significantly reduce yield if left uncontrolled. Studies suggest that ETL ranges from 4–5 larvae per plant during early vegetative stages, and higher thresholds can be tolerated in later stages (Prasanna et al., 2018). The threshold is also influenced by natural enemy presence, as predators and parasitoids can suppress FAW

populations naturally, potentially increasing the ETL (Murúa etal;2015). Monitoring techniques such as regular scouting, pheromone traps, and visual larval counts are essential to estimate pest density accurately and apply interventions at the correct time to minimize yield loss while avoiding unnecessary pesticide use.
Damage and Symptoms of Maize Fall Armyworm (Spodoptera frugiperda)

Fall armyworm (Spodoptera frugiperda) is a major pest of maize worldwide, causing severe yield losses at different crop stages (Sparks, 1979). Its larvae are highly polyphagous and feed on leaves, whorls, tassels, and ears, leading to progressive defoliation and direct ear damage (Barfield et al., 1980; Busato et al., 2005).
Seedling and Early Vegetative Stage

At the early growth stages, newly hatched larvae feed on tender leaf tissue, producing small pinholes or “windowpane” damage, where the upper epidermis is eaten but the lower remains intact. Feeding in whorls results in ragged leaf edges and skeletonized areas, which can reduce photosynthetic efficiency and weaken young plants
Late Vegetative Stage

As larvae develop through successive instars, damage becomes more severe and conspicuous. Later instars consume large portions of the leaf blade, leaving irregular holes and skeletonized leaves with frass accumulation in leaf whorls (Pashley et al., 1987b; McMichael and Prowell; 1999). Heavy infestations at this stage can lead to “dead heart” symptoms, where the central growing point is destroyed, stunting plant growth (Nagoshi and Meagher; 2004).
Reproductive Stage – Tassels and Ears

During the reproductive stage, FAW larvae attack tassels, silks, and cobs, causing tassel shredding, poor pollination, and direct kernel damage (Westbrook and Sparks, 1986). Ear feeding reduces kernel set and quality, while secondary infections may occur through feeding wounds. Yield losses at this stage are particularly economically significant.
Field Indicators

· Windowpane or pinhole leaf damage on seedlings.

· Ragged, skeletonized foliage on older plants

· Frass accumulation in whorls

· Dead heart formation in heavily infested plants

· Tassel and ear damage, leading to reduced pollination and grain quality

Economic Loss (Place-wise)

Maize yield losses due to Spodoptera frugiperda vary widely depending on location, environmental conditions, and maize genotype. In Brazil, (Figueiredo et al. ;2005) reported that infestation during early vegetative stages can reduce grain yield by 20–50%, with significant reductions in both dry matter production and ear weight. (Cruz etal.;1999) observed that soils with higher aluminium saturation exacerbated larval damage, leading to further yield decline.

In regions with intensive maize cultivation under conventional practices, economic losses are also influenced by weed competition, which can intensify pest damage (Gomes et al., 2007). Intercropping systems and proper nutrient management have been shown to partially mitigate these losses.

Overall, the impact of fall armyworm on maize production demonstrates the need for location-specific integrated pest management strategies to reduce both direct and indirect economic losses

Management Legal Methods
Chemical insecticides approved by local agricultural authorities are commonly used for fall armyworm control. Pyrethroids such as deltamethrin and organophosphates are applied according to recommended doses to reduce larval populations and prevent economic damage (Badji etal.;2004). Farmers must strictly follow label instructions to avoid environmental hazards and development of resistance.

Physical and Mechanical Control

In small-scale maize fields, physical removal of egg masses and early instar larvae can significantly reduce infestations. Handpicking or crushing egg masses on leaves prevents

larval emergence (Figueiredo et al;2005). Light traps and pheromone traps are also used for monitoring and reducing adult moth populations.

Cultural Management

Cultural practices are a sustainable way to reduce maize fall armyworm infestations. Intercropping maize with legumes such as cowpea or soybean can reduce larval survival, feed damage, and enhance the presence of natural enemies (Carruthers et al.;1998). Adjusting planting dates to avoid peak oviposition periods helps seedlings escape early larval attack.Crop rotation and removal of infested crop residues minimize pest build-up. Proper weed management also contributes to reducing pest survival, as weeds may serve as alternate hosts or shelter for larvae

Biological Control

Natural enemies such as predators (ladybird beetles, ants) and parasitoids (Trichogramma spp.) play an important role in controlling fall armyworm. Parasitoids can be released at rates of 50,000–100,000 per hectare during peak egg-laying periods to effectively reduce larval populations. Conserving natural predators through reduced pesticide use also enhances biocontrol efficiency.

Botanical Chemicals

Botanical insecticides like neem (Azadirachta indica) are effective against all larval instars. Neem seed extracts or aqueous solutions (0.03–0.05%) are sprayed on foliage at 7–10day intervals, causing growth inhibition, reduced feeding, and mortality. (Maredia et al.; 1992.)

Microbial Management

Microbial insecticides, particularly Bacillus thuringiensis (Bt), are effective against early larval stages of fall armyworm. Bt formulations act on the larval gut, causing mortality within a few days after ingestion (Morreira et al.; 2006). Recommended application rates are typically 1–2 kg/ha, targeting young larvae for maximum efficacy. Combining microbial insecticides with cultural practices, such as intercropping or adjusting planting dates, enhances pest suppression while reducing dependence on chemical insecticides.




Chemical Management of Maize Fall Armyworm (Spodoptera frugiperda)

Chemical control remains an important component of fall armyworm management, particularly under severe infestations where economic threshold levels are exceeded. Several classes of insecticides have been reported to provide effective control when applied at early larval stages. Pyrethroids such as deltamethrin (2.8 EC at 12.5–15 g a.i./ha) and lambda-cyhalothrin (5 EC at 15–20 g a.i./ha) are commonly used due to their rapid knockdown effect on larvae (Badji et al.; 2004). However, repeated use of pyrethroids may lead to resistance development and adverse effects on non-target arthropods.

Organophosphate insecticides, including chlorpyrifos (20 EC at 500–750 g a.i./ha), have also been reported as effective against early and mid-instar larvae by causing nervous system disruption. Newer insecticide molecules such as emamectin benzoate (5 SG at 10–12 g a.i./ha) and spinosad (45 SC at 75–100 g a.i./ha) have gained prominence due to their high efficacy at low dosages and relatively safer environmental profile.

FUTURE WORK

Future research on maize fall armyworm (Spodoptera frugiperda) should prioritize the development of sustainable and long-term management strategies. Breeding and deployment of maize varieties with stable resistance to fall armyworm remains a key research area, particularly through the identification of resistance genes and incorporation of host plant resistance traits. Molecular tools and genomic approaches may further enhance resistance breeding programs.

Greater emphasis is required on strengthening biological control through conservation and augmentation of native predators and parasitoids, as well as improving mass-rearing and field release techniques.Research on the integration of biological agents with botanical and microbial insecticides will improve the effectiveness of integrated pest management (IPM) programs.

Continuous monitoring of insecticide resistance and understanding resistance mechanisms are essential to guide rational pesticide use and delay resistance development (Hardke et al.; 2015). Additionally, climate change effects on pest migration, population dynamics, and outbreak patterns require further investigation to develop accurate forecasting and early warning systems. Farmer participatory research and decision-support tools should also be strengthened to enhance adoption of IPM strategies in maize-based cropping systems.
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