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Abstract
Brown planthopper is one of the most devastating rice pests. Asia, which leads to high yield losses due to direct feeding damage and infection of viral diseases. N. lugens had become a major pest once it was regarded as a minor pest, which was after the increase heightened. planting of rice, use of high yielding varieties, and overuse of insecticides. The pest has great fertility potential, is migratory, dimorphic on the wings, and spectacular flexibility and allowing a booming population and frequent epidemics. This chapter provides a statistical description of the brown plant hopper including its taxonomic features in detail. host range, life cycle regarding biology and life cycles, ecological distribution, and economic threshold levels, damage symptoms, and area economic losses. The focus is put on the management strategies, legal, physical, mechanical, cultural, biological, botanical, chemical and microbial formulations and dosages with a particular attention to approaches. The chapter brings to attention the role of insecticide resistance, pest resurgence and ecosystem disturbance in contributing to aggravating plant hopper in addition to emphasizing the significance of integrated pest management and conservation of natural enemies. Recent developments in the mobile genetics and the host plants and resistance are also much debated as potentially useful sustainable management tools. On the whole, the chapter generalizes past and modern studies to give a comprehensive perspective of N. lugens and presents clues to the way to go in the future towards the environmentally friendly and sustainable control strategy in rice ecosystems.
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Introduction:

The leading staple crop to over half the world population is rice (Oryza sativa L). Specialized in Asia where agricultural systems are predominantly agroecosystems based on rice. Among The







rice pests, a brown planthopper (BPH) Nilaparvata lugens (Stal) (Hemiptera: Delphacidae) has come into the limelight to be one of the most threatening pests in intensive cultivation Systems. The pest inflicts harm by a constant feeding on the phloem sap and provoking. Physiological problems like hopper burn that resulted in great instability of yield and failure of the crop. Under the outbreak conditions the economic significance of N. Lugens has been raised drastically with the augmentation of rice production systems, particularly after the massive introduction of high yielding varieties increased use of Nitrogen fertilizers. Over nitrogen fertilization increases. Host plant adaptability, which led to high fecundity, survival and population increase of BPH. At the same time, blanket usage of insecticides has broken natural enemy complexes, Forming favorable ecological conditions to allow the reproduction of the planthopper and secondary pests. Such processes have been well known as classical example of insecticide induced pest. Rediscovery of rice ecosystems. One of the key limits to the control of brown planthoppers is the quick (Iamba & Dono, 2021; Kumar et al., 2022; Jeevanandham et al., 2023; Yang et al., 2021).
Development of insecticide resistance. Neonicotinoids and phenyl pyrazoles resistance has been reported in South and East Asia, which cripples the action of most likely used insecticides.
Massive resistance surveys indicated that populations of BPH display. Much spatial heterogeneity in susceptibility, a measure of high pressure of selection by Long-term chemical containment measures. Resistance management is a challenge that has been induced.
International interest on the study of the mode of action and resistance to insecticides. The management systems of resistance focus on alternation of insecticides which exhibit varied modes of Action and incorporation of non-chemical methods to postpone the progression of the resistance against planthopper. Populations (Sparks Thomas C., Nauen Ralf. 2015), due to its high rate of reproduction, migration, and adaptation ability to changes at a high rate, BPH. Late studies have supported the practice of integrated pest management (IPM). Plans to minimize the use of insecticides by preserving natural predators/ ecosystem. The brown planthopper has been used as a model organism of studying pesticide resistant. Evolution and ecological unbalance within modern farming, emphasizing the outcomes of Unsustainable pest management (Heckel David G. 2012). Thus, an all-embracive knowledge of the biology, ecology, damage capacity and control opportunities of N. Lugens is critical in the formulation of sustainable measures to protect rice. This chapter is a synthesis of the research findings that are available on brown planthopper focusing on the emergence, biological features of this insect in history.
History :

The first insect to be identified as a rice associated insect is the brown planthopper (Nilaparvata lugens) of small significance to conventional rice-growing methods. Ecological research in the early nineteenth century suggested that the predator complexes as well as the low-input naturally regulated the planthopper populations. Agronomic procedures, which produce infestations only occasionally (Pathak, 1968). The shift in pest status N. Lugens during the post-Green Revolution era was highly altered. The large-scale introduction of high yielding rice varieties, the use of nitrogen fertilizers and calendar-based use of insecticides changed rice agro ecosystems and provided favorable environment of fast results. Planthopper multiplication.
Such alterations affected the natural enemies and favored their populations. The emergence of a new stage in the development of N. Lugens as a secondary pest to a major pest is known as planthopper survival. Epidemic in rice production systems in Asia (Dyck and Thomas, 1979). Massive epidemics the initial records of these were made in the 1970s in the Asian countries. Severe infestations by Planthoppers had been reported in Philippines and some of South and southeast Asia where their infestation resulted in the hopper burn and crop failures. These epidemics were tightly connected with Extensive chemical management processes and defoliation of resistance in host plants. By the late 1970s and In the beginning of 1980s, regional literature had shown that resurgence by insecticides was a major one. Powerhouse of epidemics of brown planthopper. Frequency of usage of mass-spectrum insecticides. Lost their predators and parasitoids, and populations of N. Lugens quickly came back, frequently. Overcoming pre- spray concentrations. This case was considered as a typical case of pesticide-induced rebirth of pests in the rice ecosystems (Heinrichs and Mochida, 1984). Ecological studies proved that the brown planthopper attacks were cyclical. Merely cultivated paddy fields. These were population booms which were blamed on a complex of factors. Varietal susceptibility, the utilization of excessive fertilizers of nitrogen and ecological simplification of rice fields with time, it also was found that the populations of N. Lugens exhibit.High biological diversity, so it adapts to resistant alter types of rice and manages them. This historical realization underlined the necessity of the integrated pest management. Therefore, the historical development of Nilaparvata lugens as one of the most dangerous rice pests demonstrates interactions over a long term (Kalode & Krishna,1979). Crops intensification, pest adaptation and ecological balance destruction in rice Production systems.
Life Cycle of Brown Planthopper and biology.

The brown planthopper is a hemimetabolous insect that undergoes the egg, nymphal and adult Stages of life. Host plant condition, nitrogen nutrition, temperature, and ecological interaction of Rice systems are strongly involved with developing and increasing its population (Bae & Pathak, 1970; Mochida and Okada, 1979).
Egg Stage

The ovipositor is used to insert the eggs in batches into the parenchymatous tissues of the rice leaf Sheath or midrib by the females. Eggs are long, oval, a little curved and creamy white when freshly Laid and they change to yellowish later before hatching.1.0to1.3 mm length per egg. The number
of eggs in egg clusters is 2-12 eggs, which depend on female fecundity and nutritional condition of plants (Mochida, 1964).Under tropical conditions, incubation period ranges between 6to9 days. An increase in the level of nitrogen in rice plants leads to high egg viability and fecundity hence Leading to high population growth (Lu, Heong, Yu and Hu, 2004). Eggs are hidden in the tissues of plants and this step is hard to attack using contact insecticides.
Nymphal Stage

The nymphal stage has five instar stages and it can be completed within 12to18 days (with regard To temperature and quality of the host) (Bae & Pathak, 1970). Nymphs are like adults except that They do not have wings or reproduction organs. Nymphs Instar are pale white to light yellow, they Are initially very active and lives near the site of oviposition. They also start feeding as soon as They insert stylets through phloem tissues. Second and third instar are darken to light brown by Degrees and get larger in size. The feeding intensity increments significantly within these stages And nymphs converge in the lower part of rice tillers and suck huge amounts of phloem sap (Mochida & Okada, 1979). Fourth instar have greater locomotion and wing pad formation. At this Point, the stress on the plant is manifested at the physiological level because of the active loss of Sap. Whereas in fifth instar nymphs, they are dark brown, large and feeds more amount of sap. This Instar has a major contribution to hopper burn symptoms in high population (Bae & Pathak,
1970). During the nymphal stage, the growth is quicker on nitrogenous rice varieties, establishing That fertilization is a factor of outbreak (Rashid, Jahan and Islam, 2017a).
Adult Stage

Adults are dimorphic, where macropterous are long-winged and brachypterous are short winged. The macropterous adults are in charge of long-distance migration and colonization of new Fields and brachypterous adults are in charge of the stable field populations and their fecundity is Increased (Denno, Olmstead & McCloud, 1989). Adults are brown with slim body and 4-5 mm When measured. Under good conditions, females are bigger than males and they can lay 200to400 Eggs in a lifetime (Mochida, 1964). The span of adult life ranges between 10 and 20 days. Feeding Of adults also inflicts direct and indirect damages by sucking of sap and transmission of viral Diseases like the grassy stunt and ragged stunt (Cabauatan, Cabunagan and Choi, 2009). An Important feature of ecology is adult migration, and seasonal long-distance migrations have been Observed in East and Southeast Asia, which has led to population synchrony in the region and Outbreak transmission (Riley, Cheng, Zhang, Reynolds & Smith, 1991).
Host Range

Nilaparvata lugens is a monophagous to oligophagous insect, which is highly host-specific,
i.e. it strongly prefers cultivated rice (Oryza sativa L.). The ample host suitability research attests that N. Lugens only successfully finishes its life cycle when feeding on rice plants, but success when feeding on other grasses is low and short lived (Bae & Pathak, 1970).In rice ecosystems, there is a markedly high difference in the susceptibility of varieties. Initially, traditional tall tall varieties in the habitats favored moderate population whereas with the introduction of semi dwarf, nitrogen sensitive high yield types, host suitability dramatically increased, allowing higher fecundity, quicker development and better nymphal survival (Pathak, 1968). Some species of wild and domesticated rice have been considered as alternative or a resistant host. Antibiosis and tolerance are some of the mechanisms of resistance that have been reported in some rice genotypes, which affect the feeding behavior, oviposition as well as survival of N. Lugens (Kalode & Krishna, 1979). Nevertheless, the long-term sustenance feeding and population increase is largely confined to the cultivated rice ecosystems. The host nutritional status is very important in host suitability. Plant nitrogen value improves greatly the feeding capacity, egg output and population increase of the pest, supporting the close correlation between the pest and the intensively fertilized rice plots (Lu, Heong, Yu & Hu, 2004).Therefore, in spite of the temporary appearance of brown planthopper on grasses, only economically harmful populations are linked with rice and it can be stated that This pest is a specific rice pest.

Ecological Distribution

Its brown planthopper is broadly spread across South, Southeast and East Asia which are the major Rice growing areas. It has a geographical scope of India, Sri Lanka, Bangladesh, China, Japan, Korea, Philippines, Vietnam, Thailand, Malaysia and Indonesia (Dyck, Misra, Alam and Heinrichs, 1979).Ecological research shows that N. Lugens can survive in humid tropical and Subtropical climates especially in irrigated lowland rice ecosystem where there is year round Availability of hosts due to continuous cropping (Grist and Lever 1969). Pest has been found to be Absent or scarce in upland rice system because of adverse microclimatic condition and low host Persistence.Most important ecological characteristic of bph is the large-scale migration. The Possibility of seasonal migration between tropical sources and temperate rice area has been Recorded such that recolonization of rice fields is possible every crop season (Riley, Cheng, Zhang, Reynolds, and Smith, 1991). These migrations are very important in harmonizing the outbreaks at The national level.Agronomics is a significant determinant of population density and distribution. High rate of nitrogen fertilization, close planting, and irregular planting of plants all favor the Multiplication and distribution of the planthoppers in the regions (Zhong- Xian, Villareal, XiaoPing & Heong, 2006).Ecological distribution is also determined by natural enemy diversity. In fields consisting of more predators and parasitoids, planthopper populations are lower, which Underlines the significance of ecosystem complexity in the regulation of the population (Settle, Ariawan, Astuti, Cahyana, Hakim, Hindayana & Lestari, 1996).Generally, ecological patterns of Nilaparvata lugens demonstrate that climate, crop management, the migration process, and the Structure of the ecosystem in rice-based agroecosystems interact closely.
Economic threshold level (ETL): 

The brown planthopper has its economic threshold level (ETL), which is determined as the level at which the pest is present in the field and the management action must be implemented in order to ensure that the pest does not reach the economic injury level (EIL) whereby yield lost would be More than the cost of control (Higley and Pedigo, 1993). Since Nilaparvata lugens is a pest, which Leads to direct feeding losses not to mention indirect losses due to virus-induced losses, ETL Determination must be critically considered considering the state of the crop, the plant itself, and the surrounding environment. Field based tests also showed that ETL values are modified through Nitrogen fertilization whereby plant attractiveness and pest survival increases. The risk of low Nitrogen levels makes the rice plants less tolerant of planthopper feeding and therefore the Threshold rate of economic damage is lowered (Lu, Heong, Yu & Hu, 2004). Therefore, ETL is Not fixed but has to be modified in relation to agronomic practices has also been enhanced in sequential sampling techniques that use natural enemies in order to enhance the accuracy of the Sampling process. Rajna and Chander (2013) demonstrated that the presence of predators strongly inhibits the population of planthoppers, thus one can endure high pest populations without financial losses. According to these studies, the practical ETL  recommendations in irrigated rice Are usually within the range of 5-10 planthoppers per hill at initial growth stages and it is important to note that regular monitoring and ecosystem-based decision making is more effective compared to prophylactic use of insecticides.

Damage and symptoms

Direct Feeding Damage

The nymphs and adults of brown planthopper feed on the phloem sap of rice plants with their Stabbing-sucking mouths where the tiller bases are the most frequented. The extraction of sap on a continuous basis leads to lowered movement of nutrients, retarded growth and yellowing of lower Leaves. In extreme cases, plants present the classical hopper burn, with whole hills or areas of rice Drying out early because of damage to the vascular and toxic secretions of saliva (Dyck & Thomas, 1979). It also has early symptoms such as poor tillering and decreased plant height where it Becomes likely to get lodged during heavy rain or high wind.
Physiological and Metabolic Effects 
Feeding of brown planthopper causes a lot of physiological stress to the rice plant. It has been Indicated that the chlorophyll level, photosynthetic rate and carbohydrate storage have been Reduced after being infested. Although it is true that nitrogen rich plants sustain high population of Pests, they experience more serious physiological damage because of increased feeding activity (Lu, Heong, Yu & Hu, 2004). Prolonged feeding also modifies the plant metabolism leading to the Reduction of grain filling, poor panicle exertion, and sterility of the spikelet’s, in case of infestation at the reproductive stages (Rashid, Jahan & Islam, 2016).
Indirect loss through Virus spreading

N. Lugens also serves as a reservoir of economically significant rice viruses including rice grassy Stunt virus and rice ragged stunt virus in addition to direct feeding injury. Symptoms of the infecting plants include excessive tillering, narrow and pale leaf, ragged leaf margins, stunting and Deformed panicles (Cabauatan, Cabunagan & Choi, 2009).Plants infected with the virus seldom Resulted into harvests, epidemics are often associated with large population of the planthoppers, And it is known that additional yield loss occurs due to feeding on other plants, not to mention the Losses that occur due to feeding only (Palmer and Rao, 1981).Symptoms at the Field Level and Crop Loss Pattern Harm is usually manifested in patches because of aggregated distribution of the planthoppers. Under good conditions, the infestation hotspots increase at a massive rate, resulting in the total Failure of the field in severe scenarios. Weakened base of the plants could also contribute to lodging Making the harvest process more difficult (Bottrell & Schoenly, 2012). Therefore, harm inflicted by brown planthopper is an intricate combination of feeding harm, physiological interference and Pathogen transmission that highlights the necessity to identify and control it early and combine Control and management methods.
Economic loss:

The outbreak of brown planthoppers has caused extensive loss in yield in Asia, with geographical Variations depending on the mode of farming, the vulnerability of the varieties, and the dynamics Of the pest populations. In Indonesia, the recurring outbreak of epidemics in 1977- 1979 and 1984-1986 wiped off millions of hectares of rice, and losses were estimated to be between 25-60 per Cent on the affected fields (Dyck and Thomas, 1979). Equally, in the Philippines, the heavy Infestations in the wet season resulted in hopper burn and epidemics of viruses causing a loss of Up to half of yields in prone rice types (Varca & Feuer, 1976).The initial mass outbreaks of brown Planthoppers were reported in Kerala in the periods between 1973 to 1974, and also in Andhra Pradesh, Bihar, Haryana, Punjab, Uttar Pradesh, Odisha and Tamil Nadu. Preliminary field Observations indicated losses of 20-45 percent of the yields based on the rice type and time of Planting (Kulshreshtha, Anjaneyulu & Padmanabhan, 1974; Abraham and Nair, 1975). The
Collapse of varietal resistance and overuse of insecticides that resulted in hopper burn and massive Crop failure were common in areas where the severe outbreaks took place. These articles highlights On the importance of monitoring the BPH populations and implementing integrated pest management methods that are specific to the particular region.The use of modern high yielding Rice and continuous cropping in China has also led to recurrent outbreak of BPH. Field surveys revealed that yield losses in affected areas were 10-30% with high populations of planthoppers in Jiangsu, Zhejiang, and Hunan provinces that resulted in virus spread (Zhang, Liu, Zhu, et al., 2014). The BPH population explosion during 1970s and early 1980s in Thailand led to the massive Hopper burn and virus infection leading to a huge economic loss in both rainfed and irrigated rice Based systems (Tirawat, 1975). In general, place-wise studies reveal that the economic losses are Highly diverse based on varietal susceptibility, agronomic activities, environmental conditions, and Efficacy of pest control. The knowledge of the regional BPH population trends and the Incorporation of ETL-interventions are essential in reducing the losses of yields.

Legal Method

Control interventions involve the application of insecticide use regulations and the introduction of Resistant varieties to curb the BPH outbreaks. Regional and national policies limit excessive use of broad-spectrum insecticides promoting the use of integrated pest management (IPM) (Heong, 2009). Such legal frameworks in Southeast Asia have gone a long way to curb the re- occurrence of BPH that is caused by insecticides (Bottrell & Schoenly, 2012).
Mechanical and physical Control

The physical control techniques include elimination of the hosts of weeds, and burning of the Infected stubble to minimize BPH carry-overs across seasons (Heong, 1975). Light traps and sticky traps are some of the mechanical means that have been used to track and trap migrating adults especially during their peak migration seasons (Riley, Xia-Nian, Xiao-XI, 1991).
Cultural Control

Synchronous planting, optimal spacing, balanced fertilization, and use of resistant rice varieties are some of the cultural practices. The optimal management of nitrogen can lower the susceptibility of plants, and crop rotation and intercropping with non-host plants such as marigold and onion can be used to control the BPH (Iamba & Homband, 2020; Lu, Heong, Yu, et al., 2004).
Biological Control

The BPH is also naturally suppressed by predators like Cyrtorhinus lividipensis and spiders and By egg parasitoids such as Anagrus spp (Gurr, Liu, Read, et al., 2011; Ooi & Shepard, 1994).
Biological control of conservation using nectar plants helps to increase the survival and Effectiveness of predators (Zhu, Lu, Heong, et al., 2014).
Botanical insecticides

Like neem (Azadirachta indica) extracts decrease neemal survival rates when used at 5-percent Concentration (Heong, 1975) and in the Chemical Control, Chemical insecticides such like Imidacloprid and fipronil are active when used at the recommended dosage: imidacloprid 0.3-0.5 G a.i./ha and fipronil 0.2-0.3 g a.i./ha (Garrood, Zimmer, Gorman, et al., 2 Resistance development is reduced by taking care of label instructions.
Microbial Insecticides

Entomopathogenic fungi like Beauveria bassiana and Metarhizium anisopliae have demonstrated the ability to infect both adult and nymphal stages of BPH in the field. Treatment of 1x10^13 Conidia/ha in water-based formulations results in a large population decrease of the pests without Any effect on their natural predators (Gurr, Liu, Read, et al., 2011). To keep the production of
rice Sustainable and minimize its impact on the environment, the combination of these methods,
i.e. Legal and cultural, biological and selective, is suggested.
Conclusion:

Nilaparvata lugens, or brown planthopper, remains a thorny issue in the sustainable production of Rice in Asia. The decades of works and field observations have proved that the contemporary state of the pest as a significant economic constraint is not only a result of its biological adaptability, but also caused by the anthropogenic alterations in rice agro-ecosystems. The long- term change of N. Lugens to a primary outbreak species is a clear example of the unintended effects of excessive and untimely use of insecticides. Resurgence caused by insecticides has been cited as one of the main factors in population explosions as periodic exposure of chemicals to organisms destroys Natural enemy complexes and favors highly resistant planthopper populations (Heinrichs and Mochida, 1984). The use of chemical control on its own has failed time and again to offer Sustainable control of brown planthopper populations. Rather, it has led to ecological imbalance, Resurrection of pests and long-term unpredictability of rice production systems. Heinrichs and Mochida (1984) strongly proved that not only insecticide misuse enhances the survival of the Planthopper but also hastens the reproductive potential so that the N. Lugens populations could Quickly recover after being sprayed. These discoveries highlight the importance of exercising Restraint in the application of chemical control because when applied blindly, the control ends up Being an epidemic menace. Conversely, ecologically-oriented methods of pest management Indicate a more viable approach of the brown planthopper in the long term. The experimental Evidence collected in the field has demonstrated that conservation of generalist natural enemies is Important in controlling planthopper population in tropical rice ecosystem. Early-season control Enables predator and parasitoid communities to develop in the presence of alternative prey and decreased chemical disturbance thus averting planthopper population accumulation (Settle,Ariawan, Astuti, Cahyana, Hakim, Hindayana & Lestari, 1996). This buffering ability of the Ecological setting is necessary in keeping the pests at a level that can be economically injured Without the use of chemicals often. Moreover, ecosystem-based management strategies facilitate Resilience in rice agro-ecosystems through enhancing trophic interactions and recovery of biological regulation processes. The application of Settle et al. (1996) showed that rice fields with Low levels of insecticides provided better biodiversity and the fields had much fewer outbreaks of Pests. These discoveries support the idea that the control of brown planthoppers should be changed to being reactive (chemical control) to proactive (ecosystem stewardship). To sum up, the Management of Nilaparvata lugens should be approached sustainably, which means that it is Necessary to redefine the pest control practices. The past experiences of failures with insecticides (Heinrichs & Mochida, 1984) and the existence of very good empirical evidence that conservation biological control is ecologically sound (Settle et al., 1996) all point to the need of integrated Ecologically sound solutions. This can only be done through reduction of chemical dependence and natural enemies conservation, and holistic agro-ecosystem management practices, which will Ensure long-term rice productivity and environmental safety.
Future Work:

Future studies regarding brown planthopper Nilaparvata lugens should pay more attention to the Realization of the molecular, genetic and ecological processes that allow such a pest to survive in the conditions of the intensive rice farming systems. Although the traditional methods used in management have been focusing on the short-term control of the population, the long-term solutions demand more information about the adaptive capacity of the pest and its relationship with the host plants and other symbionts. Such investigations depend on critical foundations made by genomic research developments. Global metabolic and physiological adaptations that lead to Survival, nutrient use, and resistance evolution have been identified through whole- genome Analysis of N. Lugens and its endosymbionts, and present novel molecular targets in pest control (Xue, Zhou, Zhang, Yu, Cheng, Yu, Jiang, Huang, Wang, Cheng, Zhu, Lou, Yu & Zhang, 2014).The Work to be done in the future should focus on the functional characterization of genes related to Insecticide resistance, the detoxification pathways, and host adaptation. The realization of the Relationship between genetic plasticity and rapid evolution in field populations will be important in designing resistance-management strategies that either delay or prevent control failures. Genomic tools can also be used to aid in the identification of resistance alleles at an early stage, as Well as in supporting evidence-based insecticide rotation programs by integrating with population monitoring. Genomic observations presented by Xue et al. (2014) also indicate that symbiont mediated nutrient provisioning could be a new point of intervention that has new opportunities to Control biologically informed strategies. The other hot spot that will require research in future is In the creation and implementation of long-lasting host-plant resistance. Even though resistant rice Varieties have been playing a leading role in the management of brown planthoppers, the resistant Breakdown has been a challenge. The prospects of durability are optimistic as molecular Characterization of resistance genes and high- resolution mapping provide active opportunities in An effort to enhance gene pyramiding and selection of a marker-assisted selection. The discovery and mapping of the resistance genes including Bph18 prove the possibility of breeding of Molecular breeding to improve resistance of rice against the changed populations of the Planthopper (Jena, Jeong, Lee, Choi, Brar & Kim, 2006).The breeding programs should be Designed in future to combine more than one resistance gene with a different mechanism of action To decrease the selection pressure on one gene. Furthermore, host resistance could be applied Together with ecological methods, i.e., conservation of natural enemies, to increase the resistance Stability of the fields of farmers. The article by Jena et al. (2006) indicates the significance of Accurate genetic instruments in the production of next generation rice varieties that have the ability to resist the evolution of biotypes. To conclude, future studies on brown planthopper should be of A multidisciplinary approach that incorporates genomics, molecular breeding, population ecology, And sustainable management of pests. To provide sustainable control of Nilaparvata lugens, relying upon genomic information (Xue et al., 2014) and a combination of superior resistance Breeding methods (Jena et al., 2006) will be critical to the long-term sustainability of the rice Production systems.
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