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Quantification of Yield Losses in Maize Attributed to Fall Armyworm (Spodoptera frugiperda) Infestation


ABSTRACT
Field experiments were conducted to assess avoidable yield losses caused by the fall armyworm (FAW), Spodoptera frugiperda, on maize during the kharif seasons of 2023–24 and 2024–25. Pooled data across both years indicated a significant decline in grain yield with increasing larval density per plant. The highest yield (4794.05 kg/ha) was obtained in infestation-free plots, while the lowest (4005.16 kg/ha) was recorded at a density of five larvae per plant. Grain yield and larval population showed a strong negative correlation (r = –0.99). Avoidable yield losses ranged from 3.71% to 16.46%, increasing proportionally with larval density. Correlation analysis further confirmed a significant positive association (r = 0.99) between yield loss and larval population. These findings are useful in defining economic injury levels and economic thresholds for FAW in maize, thereby supporting the development of integrated pest management strategies.
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1. INTRODUCTION
Maize (Zea mays L.), commonly known as corn, belongs to the family Poaceae and is regarded as the “Queen of Cereals” for its highest production potential among cereals. It contains all ten essential amino acids—arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine—in varying proportions (Nurit and Palacios-Rojas, 2006). Despite its importance, maize productivity is threatened by several abiotic and biotic stresses (Vivek et al., 2010). Among biotic factors, insect pests cause considerable damage, with as many as 141 species reported to attack maize from sowing to harvest (Reddy and Trivedi, 2008).
Of these, the fall armyworm (S. frugiperda, Lepidoptera: Noctuidae) is one of the most destructive. A highly polyphagous pest, it infests over 353 plant species across 76 families (Montezano et al., 2018) and has emerged as a major threat worldwide (Assefa and Ayalew, 2019). Native to the tropical and subtropical Americas, FAW was first detected in Africa in 2016 (Goergen et al., 2016) and subsequently in India in May 2018 on maize at Shivamogga, Karnataka (Sharanabasappa et al., 2018). In Madhya Pradesh, it was first reported on maize by Vishwakarma et al. (2020).
FAW damages maize throughout its growth stages: leaf scraping and pinhole symptoms during the early vegetative stage; windowing and skeletonization during late vegetative growth; and cob boring and kernel feeding during reproductive stages (Lal et al., 2023). Such feeding reduces photosynthetic efficiency, delays development, hampers reproduction, and ultimately diminishes grain yield (Acharya et al., 2020). Grain yield losses due to FAW infestation may reach up to 34% (Lima et al., 2010). The magnitude of loss depends on pest severity and incidence (Murray et al., 2013), highlighting the need to quantify yield losses as a basis for designing effective pest management strategies (Kumar et al., 2018).
The present study, therefore, aimed to estimate yield losses in maize caused by FAW.
2. MATERIALS AND METHODS
During the kharif seasons of 2023–24 and 2024–25, field experiments were conducted at the Research Farm of the Biocontrol Research & Production Centre, Department of Entomology, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P.) to assess yield losses in maize (variety JM-218) caused by Spodoptera frugiperda. A total of 21 plots (6.29 m² each) were laid out in a randomized block design (RBD) with seven treatments replicated thrice, using a spacing of 60 cm × 20 cm. Artificial infestations were created by releasing FAW larvae under caged conditions to estimate yield losses.
2.1 Mass culture of FAW: 
Mass rearing of FAW was carried out following Sisay et al. (2019a). Initial larvae were collected from maize fields at the JNKVV farm and reared on variety JM-128. Owing to their cannibalistic nature, larvae were reared individually in perforated plastic bottles for aeration. Prepupal larvae were transferred to sterilized soil-filled jars for pupation. Pupae were sexed according to Sharanabasappa et al. (2018) and placed in moistened Petri plates inside oviposition cages covered with muslin cloth for ventilation. Adults were supplied with a 10% honey solution (Junior et al., 2013), and maize plants served as oviposition substrates. After egg hatching, neonates were reared under controlled conditions (26 ± 1°C, 70 ± 5% RH, 12:12 h light–dark cycle) in a BOD chamber to maintain successive generations (Prasanna et al., 2018).
2.2 Insect release: 
To assess yield losses, neonate larvae (0.5–5 per plant) were introduced at the V1 stage, while an untreated control plot was maintained. Each plot was enclosed with a 40-mesh net to prevent external infestations. Plots were examined every two days, and any missing or dead larvae were replaced with same-age individuals from the stock culture.
2.3 Data collection and analysis: 
Grain yield was recorded separately for each plot. Percentage yield loss was calculated using the formula:
Avoidable yield losses (%) = (Pradhan, 1964)
Data were subjected to one-way ANOVA, and treatment means were compared using Duncan’s Multiple Range Test (DMRT) (Duncan, 1955). Statistical analyses were performed in R software.
3. RESULT AND DISCUSSION
The results revealed a significant decline in maize grain yield with increasing FAW larval infestation during the kharif seasons of 2023–24, 2024–25, and in the pooled analysis across both years. In all cases, grain yield decreased consistently with rising larval density per plant. The maximum yields were obtained under control conditions (zero larvae), recording 4896.48 kg/ha in 2023–24, 4691.61 kg/ha in 2024–25, and 4794.05 kg/ha in the pooled data. In contrast, the lowest yields occurred at the highest infestation level (five larvae per plant), with 4198.44 kg/ha, 3811.88 kg/ha, and 4005.16 kg/ha for 2023–24, 2024–25, and the pooled mean, respectively (Table 1).

Correlation analysis showed a highly significant negative association between larval population and maize grain yield (r = –0.98 to –0.99). This was further supported by a strong coefficient of determination (R² = 0.96–0.97), indicating that most of the variation in yield was explained by larval infestation levels (Figure 1).

These findings align with earlier reports by Jaramillo-Barrios et al. (2020), Pragya (2023), Shreya (2023), Usman et al. (2024), and Thejaswini et al. (2025), all of whom documented an inverse relationship between FAW infestation and maize yield.

[bookmark: _Hlk204674071]Table 1:  FAW Larval Density and Yield Losses in JM-218 Maize (Kharif 2023–24, 2024–25, Pooled)
	Tr. Nos.
	Larvae / plant
	Grain yield (Kg /ha) #
	Avoidable yield loss (%)

	
	
	2023-24
	2024-25
	Pooled
	2023-24
	2024-25
	Pooled

	T1
	0.0
	4896.48a
	4691.61a
	4794.05a
	-
	-
	-

	T2
	0.5
	4713.25b
	4519.56b
	4616.41b
	3.74
	3.67
	3.71

	T3
	1.0
	4655.50bc
	4446.27bc
	4550.89bc
	4.92
	5.23
	5.07

	T4
	2.0
	4541.56cd
	4341.21cd
	4441.39cd
	7.25
	7.47
	7.36

	T5
	3.0
	4427.43de
	4268.93d
	4348.18d
	9.58
	9.01
	9.30

	T6
	4.0
	4349.64e
	4071.36e
	4210.5e
	11.17
	13.22
	12.17

	T7
	5.0
	4198.44f
	3811.88f
	4005.16f
	14.26
	18.75
	16.46

	‘r’ value*
	-
	-0.98**
	-0.98**
	-0.99**
	-
	-
	-

	SEm ±
	-
	38.18
	39.91
	41.84
	-
	-
	-

	CD at 5%
	-
	118.94
	124.34
	130.65
	-
	-
	-


* Correlation between larval population and grain yield, **=Significant at 1%.
# Figures followed by same alphabets are non-significant

Figure 1: Influence of incremental FAW larval pressure on maize (kharif 2023-24, 2024-25 and pooled)

The results showed that avoidable yield loss increased consistently with FAW larval density (r = 0.99). Maximum losses occurred at five larvae per plant, reaching 14.26%, 18.75%, and 16.46% in 2023–24, 2024–25, and the pooled dataset, respectively. In contrast, minimum losses were recorded at 0.5 larvae per plant, with 3.74%, 3.67%, and 3.71% across the respective datasets (Table 1). The relationship between larval density and percent avoidable yield loss was strong and positive, with a high coefficient of determination (R² = 0.97) (Figure 2).

These findings are consistent with earlier studies on FAW impacts in maize. Marenco et al. (1992), Hruska and Gould (1997), Srinivasan (2022), and Thejaswini et al. (2025) reported avoidable yield losses ranging from 5–55%, depending on larval pressure, crop stage, and control measures. Lima et al. (2010) also observed a progressive decline in yield with increasing larval density, while Venkateswarlu et al. (2018) estimated 14.84–22.63% losses in fodder maize. Similarly, Patidar et al. (2022) reported a 32.93% reduction in unprotected plots, and Koffi et al. (2023) confirmed that higher infestation levels directly translated into greater yield losses. Pragya (2023) and Shreya (2023) further corroborated that yield loss escalates with larval density. Usman et al. (2024) also supported the present findings, reporting a strong positive relationship between larval density and yield loss.


Figure 2: Relationship between FAW Larval Density and Avoidable Yield Loss in Maize

4. CONCLUSION
The study demonstrated that higher infestations of fall armyworm (FAW) larvae led to significant reductions in maize grain yield. A strong negative correlation was observed between larval density and yield, with avoidable losses increasing consistently at higher infestation levels. These findings highlight the critical need for effective FAW management to safeguard maize production.
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