


[bookmark: _Hlk212826217]Yield Losses Caused by Lepidopteran Pest Complex Infesting Maize in Himachal Pradesh, India
ABSTRACT
Background: Maize is one of the most widely cultivated crops in the world. However, it is affected by various lepidopteran pests throughout its growth cycle, leading to severe infestations and significant yield losses each year.
Methodology: A field experiment was carried out to evaluate the yield losses caused by different lepidopteran pests in maize during kharif 2022 and 2023 in Palampur. The experiment was laid out employing paired plot technique where one plot was treated with insecticide emamectin benzoate 5 SG and the other was left untreated.
Results: The higher per cent infestation was recorded during 2023 (20.63%) than 2022 (12.25%). The grain yield in protected plots were 37.33 q/ha and 43.24 q/ha during 2022 and 2023, respectively as compared to 33.36 q/ha during 2022 and 37.88 q/ha during 2023 in unprotected plots resulting in yield losses to the tune of 10.62 and 12.40 per cent during 2022 and 2023, respectively.
Conclusion: The study showed higher infestation and yield loss in 2023 than 2022 with peak incidence at the vegetative stage, underscoring the need for regular monitoring and effective IPM practices to manage pests and sustain maize yield.
Keywords: Plant infestation, emamectin benzoate, Spodoptera frugiperda, Chilo partellus, grain yield.
1. INTRODUCTION
Maize (Zea mays L.), the most widely cultivated cereal in the world with considerable utilization as food, feed grain, and industrial feedstock, ranks third globally among cereals, following rice and wheat (Devi et al., 2024) ; Choudhary et al., 2025). Often referred to as the ‘Queen of Cereals,’ maize has the highest yield potential among cereal crops and plays a vital role in global food security, particularly in densely populated countries like India. In India, maize is cultivated for diverse uses, including human consumption, animal and poultry feed, food processing, and the production of starch, dextrose, corn syrup, and corn oil  (Bhat et al., 2024). In Himachal Pradesh, maize is grown over an area of 0.26 million hectares, producing 0.78 million tonnes, with an average productivity of 2.97 tonnes per hectare (Kharwal et al., 2024). 
The maize crop suffers from biotic stress due to its vulnerability to weeds, insect pests and pathogens. The major lepidopteran pests infesting maize include Spodoptera frugiperda (J.E. Smith), Chilo partellus (Swinhoe), Mythimna separata (Walker), and Agrotis spp. The fall armyworm (S. frugiperda), a recent invasive and highly destructive pest, feeds on over 350 plant species, with a strong preference for maize. In India, it mainly infests maize, sugarcane, and sorghum, causing yield losses of up to 58 per cent. Laboratory studies also show its ability to feed on crops like cabbage, tomato, peanut, and sugarcane (Sushmitha et al., 2025). It was recently reported on maize for the first time in Himachal Pradesh (Ankita et al., 2020). S. frugiperda larvae feed on the stems, leaves, and reproductive parts of host plants, and their population dynamics are influenced by the nutritional quality and characteristics of these hosts (Yudha et al., 2024). The relative abundance of the pest is observed to be 64.39 per cent on the maize crop (Adja et al., 2023). 
Chilo partellus is a common and persistent pest of kharif maize. Adult females lay eggs in batches on the underside of maize leaves, and young larvae feed within the leaf whorls, producing characteristic ‘window-paning’ and ‘pin-hole’ symptoms. As larvae mature, they bore into the central shoot, causing ‘dead hearts’ and, under severe infestation, complete plant death (Reddy et al., 2024). The pest is known to cause yield losses ranging from 27 to 30 per cent (Sharma and Gautam, 2010). Mythimna separata larvae primarily feed on maize leaves, causing skeletonization, and may also attack silks and young kernels (Zhang et al., 2024). Infestation levels typically range from 8 to 13 per cent, occurring from the seedling to late seedling stages (Bulto et al., 2022). 
Accurate identification of maize pests and diseases, along with appropriate prevention and control strategies, is essential to minimize economic losses during crop growth (Liu et al., 2024). However, limited information is available on the extent of yield losses caused specifically by different lepidopteran pests under field conditions in Himachal Pradesh. Most earlier studies have primarily focused on pest biology, distribution or management, while quantitative data on lepidopteran pest-induced yield reduction across seasons and years remain scarce. Furthermore, variations in pest incidence and their impact on maize productivity under local agro-climatic conditions have not been well documented. In view of these gaps, the present investigation was undertaken to assess the extent of pest infestation and quantify yield losses caused by lepidopteran pests infesting maize during kharif 2022 and 2023 at Palampur.
2. MATERIALS AND METHODS
A field experiment was carried out at Research farm of Department of Entomology, CSK HPKV, Palampur. The experimental site is situated at 32° 6´ N latitude, 76° 3´ E longitude and at an altitude of 1290.8 metres above mean sea level in the North-West Himalayan region. The infestation of lepidopteran pests was studied using two series of 10 plots, each measuring 3 m × 2.4 m (Plate 1). In each block, the maize crop variety ‘Kanchan Gold’ (F1 hybrid) was sown on May 30, 2022, and May 22, 2023, with a spacing of 60 cm × 20 cm. Every two plots in the series were selected diagonally, one as the control and the other treated with the insecticide emamectin benzoate at the rate of 5 g per litre of water.
2.1 Data on Plant Infestation
In the treated plots, three regular insecticidal sprays were applied at 20, 35, and 50 days after sowing, whereas the control plots were sprayed with plain water. Plant infestation was recorded from 20 randomly selected freshly damaged plants per replication at seedling, vegetative, tasseling and maturity stages of crop growth. The presence of lepidopteran pests was identified based on characteristic symptoms such as shot holes, dead hearts, skeletonization, frass/excreta, and other visible feeding damage on the plants. Per cent plant infestation was calculated by using following formula (Ankita et al., 2021):
 x 100
[bookmark: _GoBack][image: ]Plate 1. Maize crop raised at Research Farm of the Department of Entomology
2.2 Grain Yield and Calculation of Avoidable Losses
The cobs were collected from both protected and unprotected plots and kept separately for calculating the grain yield. The data on yield of maize grain were recorded and yield losses were worked out comparing the yield of two sets of conditions using the following formula (Srinivasan et al., 2022):

2.3 Statistical Analysis
The data on the per cent plant infestation and yield were subjected to analysis of variance (ANOVA) and t test for independent case, respectively using the statistical software OPSTAT. The level of significance was set at 5 per cent. 
3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 Lepidopteran pests associated with maize crop in Palampur during kharif, 2022-23
The lepidopteran pest complex observed on maize at Palampur included the fall armyworm (Spodoptera frugiperda), maize stem borer (Chilo partellus), oriental armyworm (Mythimna separata) and tussock moth (Euproctis spp.) (Table 1). Among these, S. frugiperda was present throughout the crop growth period, from seedling to maturity. C. partellus infestation occurred from the vegetative to maturity stages. M. separata was observed during the vegetative stage, while Euproctis spp. appeared in trace numbers between the vegetative and tasseling stages. Overall, the presence of multiple lepidopteran pests across different growth stages indicates a diverse and continuous pest pressure on the maize crop in Palampur.




Table 1. Lepidopteran pests recorded on maize in Palampur during kharif, 2022-23
	Common name
	Scientific name
	Family
	Order
	Stage of incidence

	[bookmark: _Hlk212798648]Fall armyworm
	Spodoptera frugiperda
	Noctuidae
	Lepidoptera
	Seedling to maturity stage

	Stem borer
	Chilo partellus
	Crambidae
	Lepidoptera
	Vegetative to maturity stage

	Oriental Armyworm
	Mythimna separata
	Noctuidae
	Lepidoptera
	Vegetative stage

	Tussock moth
	Euproctis spp.
	Erebidae
	Lepidoptera
	Vegetative to tasseling stage



3.1.2 Infestation of lepidopteran pests during kharif, 2022 and 2023
The per cent plant infestation caused by lepidopteran pests varied significantly among both the years in 2022 and 2023 with higher mean infestation (20.63%) in 2023 compared to 12.25 per cent during 2022 (Table 1). The infestation was highest (16.50%) during vegetative stage which was statistically at par with seedling stage (13.50%) followed by 11.00 and 8.00 per cent during tasseling and maturity stage, respectively during 2022. This clearly highlights that the vegetative stage experienced maximum pest pressure in the crop during this season. Similar trend was observed during the maize cropping season in 2023, where the per cent infestation was higher being 29.50 per cent during vegetative stage followed by maturity stage with 18.50 per cent plant infestation. The percent infestation was statistically at par during seedling and tasseling stage at 17 and 17.50 per cent, respectively. The consistent peak infestation at the vegetative stage across both years indicates that this growth stage is particularly vulnerable to lepidopteran pests. The mean infestation in both 2022 and 2023 during vegetative stage was 23.00 per cent which was significantly higher than seedling (15.25%), tasseling (14.25%) and maturity stage (13.25%).  
[bookmark: _Hlk150150077]Table 2. Infestation caused by lepidopteran pests on maize during kharif, 2022 and 2023
	Stage of observation
	Per cent infestation
	Mean

	
	2022
	2023
	

	Seedling
	13.50
(0.14)
	17.00
(0.17)
	15.25
(0.15)

	Vegetative
	16.50
(0.17)
	29.50
(0.30)
	23.00
(0.23)

	Tasseling
	11.00
(0.11)
	17.50
(0.18)
	14.25
(0.14)

	Maturity
	8.00
(0.08)
	18.50
(0.19)
	13.25
(0.13)

	Mean
	12.25
(0.12)
	20.63
(0.21)
	


Figures in parentheses are arcsine transformed values
Observations based on 20 plants 
Plot size= 7.2m2
CD (P=0.05)
       Stages:  0.08
       Years:   0.04
 Interaction: 0.08




3.1.3 Yield losses
[bookmark: _Hlk111922539]The data pertaining to yield losses in maize crop by different lepidopteran pests during 2022 and 2023 presented in Table 3 revealed that in 2022 the yield in protected plots was 37.33 q/ha which was significantly higher than yield obtained in unprotected plots (33.36 q/ha). 
Table 3. Yield losses in grain yield of maize due to attributed pests during kharif, 2022 and 2023
	Plots
	Yield (q/ha)

	
	2022
	2023

	Unprotected
	33.36
	37.88

	Protected
	37.33
	43.24

	tcal
	10.95*
	13.87*

	ttab
	02.10
	02.10

	Avoidable yield loss (%)
	10.62
	12.40


Plot size= 7.2m2; *Significant at P=0.05
Similarly, in 2023, the yield recorded in protected and unprotected plots was 43.24 q/ha and 37.88 q/ha, respectively, which differed significantly. The avoidable yield losses were 10.62 per cent in 2022 and 12.40 per cent in 2023, indicating that the comparatively higher infestation levels recorded during 2023 were directly reflected in the increased yield reduction. This clearly demonstrates that variations in pest pressure between the two years resulted in corresponding variations in yield loss, with greater losses occurring in the year of higher infestation.
3.2 DISCUSSION
The present study conducted during 2022 and 2023 at the Department of Entomology, CSK HPKV, Palampur, Himachal Pradesh, documented the occurrence and damaging potential of four major lepidopteran pests, fall armyworm, stem borer, oriental armyworm, and tussock moth on maize. The detection of multiple lepidopteran species infesting maize aligns with earlier reports by Adja et al. (2023) and Divya et al. (2021), who also observed a complex of caterpillar pests, including Spodoptera frugiperda, S. litura, Sesamia inferens, Chilo partellus, Mythimna separata and Trichoplusia ni, causing substantial feeding injury across maize-growing ecosystems.
A key finding of the current investigation was the consistently higher infestation levels recorded during the vegetative stage of maize in both seasons. Infestation during this stage ranged from 16.50 to 29.50 per cent, reaffirming the crop’s vulnerability during early growth. This trend corresponds closely with observations by Bulto et al. (2022), who noted higher stem-borer pressure during the vegetative phase, and with Patra et al. (2013), who reported comparable infestation percentages across successive years. Studies by Baudron et al. (2019) and Kuate et al. (2019), which recorded substantially broader infestation ranges, further illustrate how agro-climatic variability and varietal susceptibility modulate pest severity. The higher infestation and yield loss recorded in 2023 compared to 2022 in the present study likely reflects such seasonal and environmental differences.
The yield observations in protected versus unprotected plots also corroborate the effectiveness of pest management interventions. In both cropping seasons, significantly higher yields were obtained from protected plots, consistent with the findings of Bakry and Abdel-Baki (2024), who demonstrated reduced grain and biomass yields in untreated maize due to S. frugiperda infestation. Similar benefits of protection were reported by Sharma et al. (2018), who achieved markedly higher yields in Spinosad-treated plots under M. separata attack. However, contrasting outcomes, such as those of Mutyambai et al. (2022), who found no significant differences between insecticide-treated and untreated fields, highlight that the effectiveness of protective measures may depend on pest pressure, environmental conditions, and management timing.
Avoidable yield losses of 12.10 per cent (2022) and 10.62 per cent (2023) recorded in this study fall within the range reported in earlier literature. Dhaliwal and Jindal (2018) documented a comparable loss of 12.99 per cent due to stem borers, whereas Patidar et al. (2022) reported even higher avoidable losses of 32.92 per cent in the presence of S. frugiperda without protection. These consistent patterns reinforce the economic significance of lepidopteran pests in maize cultivation.
Recent advances in host plant resistance offer promising avenues for sustainable management. Rodríguez et al. (2021) demonstrated genotype-specific variations in systemic defence responses to stem tunnelling, indicating the potential for breeding more resilient maize hybrids. Similarly, Otim et al. (2022) found that Bt maize expressing Cry1Ab effectively reduced stem-borer entry and damage, underscoring the value of genetic resistance within an Integrated Pest Management (IPM) framework.
Overall, the present findings reaffirm that maize is particularly susceptible to lepidopteran pest attack during the vegetative stage and that infestation dynamics can vary substantially between seasons due to fluctuating environmental factors. The higher infestation and yield reduction documented in 2023 compared with 2022 further highlight the influence of changing agro-climatic conditions. These results underscore the critical need for regular pest surveillance and timely application of IPM strategies which include cultural, biological, chemical and host-resistance approaches to mitigate losses and sustain maize productivity under evolving climatic scenarios.
4. CONCLUSION
The present study conducted during 2022 and 2023 in Palampur, Himachal Pradesh, revealed significant variation in the percent infestation and yield losses in maize caused by lepidopteran pests. A comparatively higher infestation and yield loss were observed in 2023 than in 2022, indicating possible influence of varying environmental conditions between the two cropping seasons. The infestation levels were found to be highest during the vegetative stage of maize, suggesting that this period is particularly vulnerable to pest attack. These findings emphasize the importance of regular pest monitoring and timely implementation of Integrated Pest Management (IPM) strategies to minimize damage and sustain maize productivity under changing agro-climatic conditions.
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