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Natural control strategies of Bihar hairy caterpillar (Spilarctia obliqua Walker) in moriculture
 


Abstract:
Chemical control strategy poses serious health and environmental risk and solves the pest problems in fields temporarily. More resilient and sustainable approaches to manage pests are the need of hour. Increasing implementation of biological approaches viz., biopesticides, biostimulants and pheromones is important for sustainable agriculture and Integrated Pest Management (IPM). Bihar hairy caterpillar (Spilarctia obliqua walker) is the major defoliator of economic crop, mulberry in sericulture which causes significant crop losses every year. The management of pests by chemicals may prove dangerous for silkworms due to presence of even little toxicity to chemicals. The natural enemies of S. obliqua and their use in management is eco-friendly, economic and with negligible health hazards. Throughout this article, significance of natural enemies of S. obliqua and their potential role in management of the pest is discussed. 
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Introduction: 
Moriculture refers to cultivation of mulberry plant for production of leaf to sustain sericulture industry. The silkworm, B. mori is a monophagous insect and chiefly feeds on mulberry leaves. Therefore, mulberry sericulture refers to rearing of silkworm on mulberry leaves to produce raw silk. Basically, the mulberry leaf is solely consumed by silkworms and converts mulberry proteins to silk proteins namely fibroin and sericin. The mulberry sericulture contributes 90 percent to the global raw silk production and provides livelihood to a large population across the globe (Ghosh et al., 2017). Mulberry widely grows in sub-tropical, tropical and temperate regions of Asia which involves more than fifteen species including Morus alba, Morus nigra, Morus rubra, Morus australis, Morus atropurpurea, Morus cathayana, Morus notabilis Morus mesosygia (Pérez-Gregorio et al., 2011).
Mulberry is susceptible to a wide range of pests (Sengupta et al., 1990). Pests cause reduction in leaf yield and leads to significant crop losses. Both insect pests including defoliators, sapsuckers, borers and non-insect pests including snails, slugs, millipedes, mites are found to attack mulberry (Sakthivel. et al., 2019). Defoliators viz.,  leaf Webber, Bihar hairy caterpillar, cutworm, moringa hairy caterpillar, tussock caterpillar, noctuid moth, wasp moth, May- June beetle, wingless grasshopper mainly feed on leaf and shoot tissues (Sakthivel et al., 2019). Defoliators are the most destructive pests causing significant crop losses (Hosamani et al., 2020). Therefore the management of pests in moriculture is important to prevent crop losses in moriculture and sericulture as well. 
Spilosoma (= Spilarctia) obliqua (Walker) is lepidopteran insect belonging to family Arctiidae. It is a sporadic pest commonly known as jute hairy caterpillar or Bihar hairy caterpillar. It is polyphagous and ubiquitious and has attained status of regular pest in India (CPC 2004). It is a sporadic pest with wide distribution different countries in India, China, Bangladesh, Myanmar, Nepal and Pakistan (Bandyopadhyay et al., 2014). In India, it is a serious pest in West Bengal, Bihar, Madhya Pradesh, Uttar Pradesh, Punjab, Manipur, and other states. It attacks different economically important crops viz., cereals. Pulses, bast fibre crops, oilseeds, vegetables, mulberry, medicinal and aromatic crops (Gupta and Bhattacharya, 2008). It causes severe economic damage to mulberry foliage upto 40 percent loss due to defoliation (Kumari, 2014). 
The larval stages of S.obliqua are most destructive and cause significant crop losses annually (Chen and Chang, 1996). The application of synthetic insecticides for the management of given pest may pose direct hazardous effects to silkworm health, a rearer and environment. There are different concerns on the use of synthetic pesticides in sericulture because of their negative impacts on silkworm health (Yuan et al., 2014). The synthetic pesticides being expensive are usually unaffordable to poor farmers as well. Hence there is high demand to develop alternative methods of pest management which are eco-friendly and cost-effective in nature (Chowdhury, 2009).
Several entomopathogenic microbes viz., microsporodia, fungi, cytoplasmic polyhedrosis virus, nuclear polyhedrosis virus and Bacillus thuringiensis are used as biological control agent against S. obliqua (Kumar et al., 2000). Throughout this article different biological control agents for management of S.obliqua was discussed.




Figure 1: Natural enemies of Bihar hairy caterpillar (S.obliqua)
Natural control agents of Bihar hairy Caterpillar 
1. Disease causing pathogens as biological agents
a) Baculoviruses
Baculoviruses refers to the diverse family of double stranded DNA viruses. It is reported that order Lepidoptera comprise of more than 90 percent of known 600 baculoviruses (Kumar et al., 2015). Baculoviruses are persistent in the environment are easily transmitted horizontally with higher degree of pathogenicity in insect hosts but with higher specificity to infect insect hosts makes them ideal and highly potential biocontrol agent against lepidopteran pests in nature  (Jakubowska et al., 2005). These are ubiquitous, self-perpetuating, eco-friendly, safe to natural enemies and cause high natural epizootics. Many notable research studies on various aspects of Nucleopolyhedrosis virus (NPV) from lepidopteran pests has been reported so far. The occlusion bodies (OBs) of SpobNPV, appears tetrahedral and triangular in shape with variable size range from 1.04-1.72 μm.  Sivakumar et al. (2020) reported that even the lowest dose LC50 value of 2.93 OBs/mm2 showed high virulence when used against second instar of S. obliqua by leaf disc method. The Spilarcta obliqua Nucleopolyhedrosis virus (SpobNPV) showed species specificity for S. obliqua larvae only. However, other species of lepidopteran viz., Spodoptera litura, S. exigua, S. frugiperda, Helicoverpa armigera, Plutella xylostella, Amsacta albistriga, Maruca vitrata, Trichoplusia ni, Pieris brassicae, Agrotis ipsilon, and Bombyx mori, were not susceptible to the infection with SpobNPV (Veenakumari et al., 2008). The S. obliqua NPV (SpobNPV) at the highest POB (Polyhedral Occulusion Bodies) count @3.2 x106 OBs/ml caused cent per cent larval mortality followed by 83 % larval mortality at with concentration @2.8 x106 OBs/ml. Thus spray application of SpobNPV can be used as biocontrol agents in Integrated Pest Mangement of lepidopteran insect pests (Babu et al., 2020). Babu et al., 2023 reported that foliar application of S. obliqua nucleopolyhedrosis (SpobNPV) was found very effective in causing mortality in S. obliqua larvae. Thus, SpobNPV is an effective and potential microbial agent which can be widely used in the integrated pest management of the caterpillar, S. obliqua. 
b)  Bacillus thuringiensis:
Bacillus thuringiensis Berliner (Bt) is an aerobic, spore-forming, gram-positive bacterium that synthesizes crystalline proteins during sporulation (Bechtel and Bulla, 1976). B. thuringiensis are specifically toxic to insect larvae and are widely used as bioinsecticides against pests. The B. thuringiensis strains are species specific and are typically categorized into three pathotypes viz., pathotype A (specific to lepidopteran insects); pathotype B (specific to dipteran insects), and pathotype C (specific to coleopteran beetles) (Lopez-Meza and Ibarra, 1996). It is an eco-friendly; target-specific microbial biological control agent helps to manage insects and nematodes. The spore crystal mixture of B. thuringiensis isolates were subjected to insect bioassay and IIPR Bt isolate showed highest toxicity (100 %) against S. obliqua larvae (Sujayanand et al., 2023). Gotyal et al. (2019) reported comparative efficacy of Bt and nuclear polyhedrosis virus (NPV) against S. obliqua and revealed mortality of 64% and 93% respectively
c) Fungi:
The asexual fungi are more popularly known to be associated with arthropods particularly insects (Araújo and Hughes, 2016). About 750 fungal species are known to infect insects, among which only a dozen insects are exploited for control of insect pests (Sharma et al., 2023).  Beauveria and Metarhizium are important genera that are being used for the management of insects (Oliveira et al., 2014; Brunner-Mendoza et al., 2019). The white muscardine fungus, Beauveria bassiana (Balsamo) and green muscardine fungus,  Metarhizium anisopliae (Metschnikoff)  have been recorded to infect 500 and 200 insects  belonging to different orders viz., Lepidoptera, Hemiptera, Homoptera, Orthoptera and Diptera (Wakuma, 2016). Kumar et al. (2011) presented first report of fungus, Entomophaga aulicae in Spilarctia obliqua in Manipur. Entomophaga aulicae (Hoffman in Bail) Batko belongs to division Zygomycotina of order Entomophthorales). The infection leveled up to 57%. Joshi et al. (2019) reported the pathogenicity of two different isolates of fungus Beaveria bassiana, Metarrhizium anisopliae and Nomuraea rileyi on Bihar hairy caterpillar (S. obliqua). The isolate first of B. bassiana and M. anisopliae were found most virulent in causation of disease in Bihar hairy caterpillar (S.obliqua). Chandrashekharan and Nataraju (2006) reported the incidence of white muscardine diseases in Uzi fly (Exorista bombycis Louis) for the first time. Uzi fly is a serious pest of silkworm, B.mori L. Therefore, it is concluded that fungi pretends to be natural enemy of leipdoteran and other pests and can be potentially exploited in biological control of pests. 

2) Botanicals: 
Botanicals are plant materials which contain toxins against microbes and pests and are mostly identified as eco-friendly, biodegradable, systematic and non-toxic to mankind. Different botanicals with insecticidal activity have been evaluated from time to time and which are regarded as viable substitutes for pest control (Chandel, 2017; Ali et al., 1983; Pascual et al., 1990; Sarup and Srivastava,2001). Insecticidal activities of certain plant extracts and products viz., neem, pyrethrum and chrysanthemum have been reported (Sharma et al.1980; El and El, 2000,). The insecticidal properties were revealed from pyrethrins of dried Chrysanthemum cinerariifolium flowers, when tested against S. obliqua (Sarup and Srivastava, 2001). Trivedi and Chandel (2023) reported the significant larval mortality (71.78%) of S. obliqua larvae when tested with unripe fruit of Annona squamosa followed by leaves of Pongamia glabra, Piper nigrum and Lantana camara respectively. 
 The efficacy of botanical insecticides viz.: Neem oil 0.5%, Castor oil 0.3%, Nilgiri oil 0.3%, Karanj oil 0.5%, Mahua oil and 0.5%, Azadirachtin 0.3% against S. obliqua Walker in sunflower was evaluated. The bio-efficacy tests revealed maximum larval mortality when Neem oil 0.5% was tested followed by Azadirachtin 0.3%, Castor oil 0.3%, Nilgiri oil 0.3%, Mahua oil 0.5% and Karanj oil 0.5% (Lal et al., 2023). The bioeffiacacy of essential oils of  Boenninghausenia albiflora and Teucrium  quadrifarium  were evaluated as pesticidal and insect growth regulator against Spilarctia obliqua. The topical  application of these oils on ventral mesothoracic region on 3rd instar larvae caused extended larval and pupal periods, increased larval mortality and adult deformity and showed significant decrease in larval and pupal weight, adult emergence, fecundity of female and  egg-fertility. Hence both the essential oils can helop to regulate growth parameters and manage S. obliqua larvae with this natural insecticide (Tandon and Mittal, 2018). Bharti et al. (2022) reported the control of S. obliqua larvae effectively with Adhatoda vasica leaves followed by Solanum nigrum leaves, Lantana camara, seeds of hulhul and rhizome of Zingiber officinalis respectively. The neem extract and sarifa extract significantly increased the larval mortality to 90% and 83.33 % in Spilarctia obliqua respectively (Salim and Abed, 2015).
3) Parasitoids:
Parasitoids are insects which grow and develop by nourishing themselves on other arthropods similar to parasite. They require a single host for nourishment and complete a part of their life cycle living inside them. Most parasitoids are wasps (Hymenoptera) or flies (Diptera) (Godfray, 2004). The use of parasitoids is safe, environmental friendly and compatible with other pest control strategies in insect pest management. In developed countries, many insect pests have already been controlled by conservation and artificial release of parasitoids. The parasitoids are being sold as bio-pesticides for pest management (Islam et al., 2002). The Bihar hairy caterpillar is reported to be parasitized by Glyptapanteles  obliqlla, G. creatoniti, Meterorus species, Apanteles  vitripennis. A. obliqua  and Carcelia sp. in different regions of India with over all parasitism as high as 40.0 per cent (Gupta and Narendran, 2007). The braconid parasitoids viz, Glyptapanteles agamemnonis and Meteorus pulchricornis are most crucial parasitoids which control the population of S. obliqua (Gupta et al., 2019). The natural enemies of pest’s viz., baculoviruses, parasitoids, fungi etc coexist for natural control. Parasitoids may act synergistically, additively or antagonistically against insect hosts. Synergetic interactions between pathogens and insect natural enemies can enhance control efficacy, whereas antagonistic interactions can reduce total control efficacy (Roy, 2000; Lu et al., 2017). When a host is simultaneously infected by virus and parasitized by an insect parasitoid, there is possibility of parasiotoid as well due to mortality of host (Okuno et al., 2000) or due to toxic factors produced by the virus in infected hosts( Hotchkin, 1983). Apantales obliqua Wilkinson is a dominant endo-larval parasitoid of S.obliqua.  A. obliqua was reported to prefer second instar larvae of S. obliqua for parasitization and the S.obliqua larvae were found dead before reaching 5th instar stage (Islam et al., 2002). Hence, parasitoids can be used as potential alternatives to synthetic insecticides of pest control. 
4) Predators: 
Predators are mainly free living species and directly consume a large number of preys during their entire lifetime. Predators play a pivotal role in pest management. Insects from order Coleoptera, Hemiptera and Neuroptera are most potential insect predators used in biological control (Halder and Rai, 2016).  The insect predators are important biological control agents used against insect belonging to order lepidoptera, coleoptera and hemiptera. Eocanthecona furcellata (Wolff) belongs to family pentatomidae of order hemiptera. E. fucellata is a potential larval predator and easily reared in laboratories. Many studies reporting E. furcellata as a potential insect predator has been reported from Southeast Asia, Japan, India and Taiwan (Ahmad et al., 1996; Chang, 2002). In India, E. furcellata is a polyphagous predator on several horticultural, agricultural and forest crop pests. Kumar et al. (2001) studied the predatory efficiency of predator E. furcellata on caterpillars of S. obliqua. The authors reported that when predator was supplied with small larvae of prey, the predator consumed 61.1 larvae of prey while as when predator was supplied with larger prey, the predator consumed 36.1 larvae. The adult female of E. furcellata was reported to be the voracious feeder than adult male of E. fucellata predator. Chaudhary et al. (2022) studied the host preference of E.furcellata and reported that the nymphs and adults of E. furcellata have a strong preference for the larvae of Spodoptera litura followed by Corcyra cephalonica and S. obliqua. Halder et al. (2020) studied the feeding potential of E. furcellata on S. obliqua and reported 2nd, 3rd, 4th and 5th instar nymphs. It was reported with the increase in larval stage of S.obliqua, the feeding efficacy on larvae significantly increased and maximum consumption of 5th instar nymphs of S. obliqua by E. furcellata was reported. Hence E. furcellata can be used as a potential predator for managing S. obliqua population in mulberry. 
Conclusion 
Biological control strategies solve the pest problems permanently when applied in a systematic manner. The international organizations viz., Food and Agriculture Organization (FAO), United States Department of Agriculture (USDA), International Organization for Biological and Integrated Control (IOBC), National Bureau of Agricultural Insect Resources (NBAIR) are coming forward to encourage the biological pest suppression. The use of baculoviruses, bacillus thuringiensis, predators, parasitoids and botanicals are effective methods to control major lepidopteran defoliators in sericulture. It is an economic and eco-friendly approach with no toxicity to silkworms and no risk of environmental hazards. Hence, natural control strategy is widely accepted approach to promote bright and smart sericulture. 
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