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Abstract
Indiscriminate use of chemical pesticides could lead to the decimation of the beneficial and lead to an outbreak of pests that were kept under control in the systems over decades. However, to protect these beneficials non-target effect of most pesticides are required but a pre-requisite for this is to know the potential indigenous natural enemies in the system, as well as assess their potential ecosystem services provided against existing potential spodopteran pests. Studies on the host range of fall armyworm and its natural enemies were undertaken at SKUAST-Jammu for two consecutive years (2021 and 2022) was encompassing by fortnightly surveys across three distinct areas in Jammu district viz., Nagrota, Marh and R.S. Pura Block. The widespread infestations of fall armyworm (FAW) were observed on varied host plants viz., maize, cowpea, chilli, sorghum, sugarcane, cabbage and cauliflower, belonging to four major families (Poaceae, Fabaceae, Solanaceae, and Brassicaceae). The detailed studies on pest status revealed that fall armyworm was a major pest on maize in Nagrota, Marh and R.S. Pura Block during both years. Among natural enemies, ten natural enemies categorised into predators and parasitoids of fall armyworm were recorded in the maize ecosystem. Among the parasitoids, Chelonus sp., Campoletis chlorideae, Cotesia sp. and Tetrastichus howardi were recorded parasitising various stages of the fall armyworm life cycle. Alongside the parasitoids, a significant number of predators were meticulously recorded within the maize ecosystem. Among them, the presence of the formidable Asian hornet (Vespa velutina) as a predator of fall armyworm was also observed. Thus, fall armyworm infestation, particularly in maize, with minor infestations observed in chilli, cabbage and sugarcane and in the maize ecosystem, ten natural enemies, comprising predators and parasitoids of fall armyworm, were identified.
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Introduction 
Natural enemies, parasitoids, entomopathogenic fungi, bacteria, viruses, nematodes, as well as predators constitute an immense resource that could offer additional value outside farmed areas by following the pests even in the wild. They are central to the development of integrated pest management (IPM) systems (Abang et al., 2020). Maize (Zea mays L.), considered the ‘Queen of Cereals’ is the second major cereal crop, cultivated in approximately 165 countries on an average area of about 190 million hectares (Badhai et al., 2020). It acts as a raw material for various industrial products such as oil, seed, starch, protein, breweries, pharmaceuticals, cosmetics, etc. (Shah et al., 2016). India ranks as the fifth leading producer of maize globally, contributing approximately 2.59 per cent to the global food grain production. Maize cultivation is widespread in Jammu and Kashmir, and is being grown in various regions, including Kandi, Karewa, and Plain areas. Maize serves not only as the staple food but also plays a pivotal role in the livelihood for subsistence for communities such as the Gujjars and Bakarwals, who reside in the kandi and hilly areas of the region (Baba et al., 2019). 
The main growth stages are categorized, namely vegetative and reproductive. The vegetative phase marks the emergence of leaves on the corn plants. These Vegetative, denoted as (V) stages, are sequentially labelled as V1, V2, V3, and so forth, up to V(n), wherein (n) denotes the count of leaves with visible collars. The initial and final stages within this spectrum are referred 2 to as VE (emergence) and VT (tasseling). Upon the culmination of the Vegetative stage, the use maize or corn plant transitions into the Reproductive phase. Any detriment incurred during these phases can profoundly impede overall crop growth (Kumar et al., 2012). Among the insect pests, fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) has emerged as the most destructive pest of the maize ecosystem. Fall armyworm (FAW) is an invasive, polyphagous and highly destructive pest of cereals and other cultivated plants. Being polyphagous, it feeds on 353 host plants under 76 plant families (Montezano et al., 2018). Fall armyworm infestation caused a loss of around 8-21 million tons of maize per year (6.1 million USD) (Midega et al., 2018).  It poses a significant threat to maize crops, uncontrolled infestation can result 100 % loss. However, natural enemies play a vital role in regulating the population of this pest. Additionally, botanical source extracts have the potential to be effective insecticides (Degaga & Degaga, 2024).  The maize yield in India fell to 27.8 million metric tonnes due to fall armyworm infestation back in 2018. The fall armyworm larvae feed voraciously on the stem, leaves, and reproductive parts of more than 350 crop species, inflicting significant damage in maize and considerable damage to other crops like rice, sorghum, wheat, sugarcane, vegetables, and cotton (Abraham et al., 2017; Ganiger et al., 2018). However, to the best of our knowledge, the study on the status and host range of fall armyworm (Spodoptera frugiperda) and its natural enemies on different crops in Jammu district was takenup. This is crucial to understand the survival, population increase and infestation of this species throughout the year.
Materials and Methods
To study the host range of fall army worm, different crops representing cereals, pulses, oilseeds and vegetables viz., maize (Zea mays), cowpea (Vigna unguiculata), chilli (Capsicum annuum), sorghum (Sorghum bicolor), sugarcane (Saccharum officinarum), cabbage (Brassica oleracea var. capitata) and cauliflower (Brassica oleracea var. botrytis) belonging to four major families viz., Poaceae, Fabaceae, Solanaceae, and Brassicaceae were observed. For the experiment purpose, the larvae were collected from the culture maintained in the laboratory on maize leaves. To evaluate the status and host range of fall armyworm and its natural enemy’s presence, fortnightly surveys were conducted on different crops grown in three different areas of Jammu district viz. Nagrota Block, Marh Block, and R. S. Pura Block. In each location, pheromone traps were installed and monitoring was done to find the presence or absence of fall armyworm on the crops. Presence of FAW above EILs (economic injury levels) on the crop was considered as major pest. Natural enemy’s presence was recorded in maize ecosystem from May to August during 2021 and 2022.Data obtained from field experiment were statistically analyzed for analysis of variance by SPSS 16.0 software and means was compared with Tukey’s HSD test at P<0.05.
Results and Discussion
The data ( Presented in Table 1) related to status and host range of fall armyworm were collected from three selected areas viz. Nagrota, Marh and R.S. Pura Block revealed that infestations of fall armyworm (FAW) on varied host plants viz., maize (Zea mays), cowpea (Vigna unguiculata), chilli (Capsicum annuum), sorghum (Sorghum bicolor), sugarcane (Saccharum officinarum), cabbage (Brassica oleracea var. capitata) and cauliflower (Brassica oleracea var. botrytis), belonging to four major families (Poaceae, Fabaceae, Solanaceae, and Brassicaceae). The pest status revealed that fall armyworm was a major pest on maize in all the study areas during both years. However, it was a minor pest on chilli, cabbage, and sugarcane at varied time intervals. In contrast, the fall armyworm was absent on other host plants in all the survey areas. Similar outcomes are supported by Nagoshi et al. (2007) and Silva et al. (2017) who recorded a greater preference of fall armyworm larvae for cereal crops as host plants. Few workers from other countries documented fall armyworm to feed on 186 host plants from 42 different families (Augusto et al., 2010, Widenfalk et al., 2018). The present findings are in conformity with Nagoshi, et al., (2007), who recorded sorghum (Sorghum bicolor) and maize (Zea mays L.) as the major host plants and, groundnut (Arachis hypogea L.), napier grass (Panicum purpureum v panicum typhoides), cabbage (Brassica oleraceae), and cotton (Gossypium hirsutum) as the minor host plants of fall armyworm. This could be attributed to the higher nutrition and adequate composition of the former plants as compared to plants from other botanical families (Barros et al., 2010). 
Table 1: Status of fall armyworm infestation on different crops in Jammu district during year 2021 and 2022 

	Survey 
Area 
	Host plant 
	Scientific name 
	Family 
	Pest status 

	
	
	
	
	2021 
	2022 

	Nagrota block 
	Maize 
Cowpea 
Chilli 
Sorghum 
Sugarcane 
Cabbage 
Cauliflower 
	Zea mays L. 
Vigna unguiculata (L.) Walp. 
Capsicum annuum L. 
Sorghum bicolor (L.) Moench 
Saccharum officinarum L. 
Brassica oleracea var. capitata L. 
Brassica oleracea var. botrytis L. 
	Poaceae 
Fabaceae 
Solanaceae 
Poaceae 
Poaceae 
Brassicaceae 
Brassicaceae 
	Major            
Absent  
Minor 
Absent  
Absent  
Minor  
Absent  
	Major  
Absent Absent 
Absent  
Absent 
Minor  
Absent 

	Marh block  
	Maize 
Cowpea 
Chilli 
Sorghum 
Sugarcane 
Cabbage 
Cauliflower 
	Zea mays L. 
Vigna unguiculata (L.) Walp. 
Capsicum annuum L. 
Sorghum bicolor (L.) Moench 
Saccharum officinarum L. 
Brassica oleracea var. capitata L. 
Brassica oleracea var. botrytis L. 
	Poaceae 
Fabaceae 
Solanaceae 
Poaceae 
Poaceae 
Brassicaceae 
Brassicaceae 
	Major            
Absent  
Absent 
Absent  
Absent  
Minor  
Absent   
	 Major  
Absent 
Absent  
Absent  
Minor  
Minor 
Absent  

	R.S.Pura  block 
	Maize 
Cowpea 
Chilli 
Sorghum 
Sugarcane 
Cabbage 
Cauliflower 
	Zea mays L. 
Vigna unguiculata (L.) Walp. 
Capsicum annuum L. 
Sorghum bicolor (L.) Moench 
Saccharum officinarum L. 
Brassica oleracea var. capitata L. 
Brassica oleracea var. botrytis L. 
	Poaceae 
Fabaceae 
Solanaceae 
Poaceae 
Poaceae 
Brassicaceae 
Brassicaceae 
	Major            
Absent  
Absent 
Absent  
Absent 
Minor  
Absent  
	 Major  
Absent 
Absent  
Absent  
Minor  
Minor 
Absent     



The data related to natural enemies of fall armyworm presented in Table 2 revealed that a total of ten natural enemies categorized into predators and parasitoids of fall armyworm were recorded in maize ecosystem. Among the parasitoids, Chelonus sp., Campoletis chlorideae, Cotesia sp. and Tetrastichus howardi were recorded parasitizing various stages of the fall armyworm life cycle. Alongside the parasitoids, a significant number of predators were meticulously recorded within the maize ecosystem. Among them, the presence of the formidable Asian hornet (Vespa velutina) as a predator of fall armyworm was also recorded. Besides, various predatory insects have also been recorded feeding on fall armyworm viz., predatory beetles within family Coccinellidae (Coccinella transversalis, Coccinella septempunctata and Harmonia octomaculata) and predatory bug (Rhynocoris marginatus). Similar results were recorded by Birhanu (2018), Koffi et al. (2020), Sharanabasappa et al. (2019) who recorded five species of larval parasitoids: Coccygidium melleum, Campoletis chlorideae, Eriborus sp., Exorista sorbillans, and Odontepyris spp. that are widely used for biological control of FAW. He further recorded three predators: Coccinella transversalis, Forficula sp. and Harmonia octomaculata and one entomopathogenic fungus of fall armyworm in maize-growing areas of Karnataka. The efficacy of native parasitoids in inducing higher mortality and effectively suppressing invasive insect pests has been emphasised by Matošević and Melika (2013). Additionally, Abang et al. (2021) documented various parasitoids, including Telenomus remus, Trichogramma chilonis, Charops sp., Coccygidium luteum, Cotesia icipe, and Cotesia sesamiae on fall armyworm, illustrating variations in their parasitism rates based on host, location, and seasonal fluctuations. These collective insights provide valuable knowledge for understanding the ecological dynamics and pest management strategies within the maize ecosystem.
Table 2: Natural enemies of Spodoptera frugiperda in maize ecosystem during 2021 and 2022 
	S.No 
	Common name 
	Scientific name 
	Order: Family 
	Status 

	Predator 
	

	1 
	Lady bird beetle 
	Harmonia octomaculata (Fabricius) 
	Coleoptera: 
Coccinellidae 
 
	Predator 

	2 
	Lady bird beetles 
	Coccinella septempunctata (Linnaeus) 
	
	Predator 

	3 
	Transverse lady bird  
	Coccinella transversalis (Fabricius) 
	
	Predator 

	4 
	Praying mantis 
	Mantis religiosa (Linne) 
	Mantodea: Mantidae 
	Predator 

	5 
	Asian hornet /Asian predatory wasp 
	Vespa velutina (Lepeletier) 
	Hymenoptera: 
Vespidae 
 
	Predator 

	6 
	Assassin bug/ Reduviid bug 
	Rhynocoris marginatus (Fabricius) 
	Hemiptera: 
Reduviidae 
	Feed on immature 
FAW 

	Parasitoid 
	

	1 
	Parasitic wasp 
	Tetrastichus howardi (Olliff) 
	Hymenoptera: 
Eulophidae 
 
	Pupal parasitoids 

	2 
	Parasitic wasp 
	Campoletis chlorideae  
	Hymenoptera: 
Ichneumonidae 
 
	Larval parasitoids 

	3 
	Parasitic wasp 
	Cotesia sp. 
	Hymenoptera: 
Braconidae 
 
	Larval parasitoids. 

	4 
	Parasitic wasp 
	Chelonus sp. 
	
	Egg/larval parasitoids. 


Conclusion
On the basis of two years study, it was reported that the fall armyworm, S. frugiperda also have the potential to survive on all seven host crops and the pest completes its life- cycle on all the crops from hatching till adult emergence. The survey program recorded the severe infestations of fall armyworm on maize during both years. However, a sparsh population or infestation as minor pest on chilli, cabbage, and sugarcane were recorded. A total of six predators and four parasitoids were recorded as natural enemies of fall armyworm in maize. These natural enemies belonged to seven families under four major orders viz., Hymenoptera, Coleoptera, Mantodea and Hemiptera. These collective insights provide valuable knowledge for understanding the ecological dynamics and pest management strategies within the maize ecosystem.
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