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Sugarcane Internode Borer (Chilo sacchariphagus indicus): Biology, Ecology, and Integrated Pest Management Strategies
Abstract 
[bookmark: _GoBack]The sugarcane internode borer, Chilo sacchariphagus indicus (Kapur), is a major constraint to sugarcane production in tropical and subtropical regions, causing significant yield and quality losses. Its cryptic feeding habit within cane internodes makes early detection difficult and reduces the effectiveness of conventional control measures. This review synthesizes current knowledge on the biology, ecology, host range, and damage potential of the pest, with particular emphasis on climatic interactions influencing its population dynamics. Factors such as temperature, humidity, and cropping practices play a crucial role in pest incidence and seasonal abundance. The multivoltine nature and overlapping generations further complicate management strategies. Integrated Pest Management (IPM), combining cultural practices, biological control agents, resistant varieties, and need-based chemical applications, offers a sustainable solution. Advances in pest monitoring, pheromone-based techniques, and climate-resilient strategies are also highlighted to enhance effective and eco-friendly management of this economically important pest.
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Introduction
Sugarcane (Saccharum spp.) is one of the most economically important commercial crops globally, serving as a major source of sugar, bioethanol, jaggery, and several industrials by- products (Alexander, 1973; Moore et al., 2013). In India, sugarcane occupies more than 5 million hectares and plays a vital role in the agricultural economy by supporting millions of farmers and workers engaged in cultivation and the sugar industry (Solomon, 2011). However, sugarcane productivity is severely constrained by various biotic stresses, among which insect pests are the most important yield-limiting factors (David & Easwaramoorthy, 1990).	Comment by OLALEKAN OGUNOYE: delete the space in between. 	Comment by OLALEKAN OGUNOYE: Not listed on reference page.	Comment by OLALEKAN OGUNOYE: Reference cited but not listed
More than 200 insect pest species have been reported to infest sugarcane in India at different stages of crop growth (Butani, 1961; Kalra & Sidhu, 1964). Among these, stem borers are considered the most destructive group, causing both quantitative and qualitative losses by damaging the internal tissues of the cane, impairing nutrient translocation, and reducing sucrose content (David et al., 1986; Easwaramoorthy, 2004). The sugarcane internode borer, Chilo sacchariphagus indicus (Kapur) (Lepidoptera: Crambidae), has emerged as a major pest in several sugarcane-growing regions of India due to its concealed feeding habit, high fecundity, and ability to adapt to diverse agroecological conditions (Avasthy, 1983; Easwaramoorthy & Nandagopal, 1998).	Comment by OLALEKAN OGUNOYE: Put the scientific name in bracket	Comment by OLALEKAN OGUNOYE: References are too old.
The internode borer mainly infests the stalks of sugarcane by boring into the internodes and forming larval galleries that interfere with normal cane development (Kalra, 1970). Unlike surface-feeding pests, the cryptic feeding habit of C. sacchariphagus indicus makes early detection difficult and limits the effectiveness of contact insecticides (David & Nandagopal, 1990). Larval feeding results in reduced cane weight, deterioration of juice quality, and lower sugar recovery, while the entry holes facilitate secondary infection by fungi and bacteria (Easwaramoorthy, 2004). Yield losses due to internode borer infestation have been reported to range from 8 to 30 per cent under severe incidence (Avasthy, 1983; Rajendra Prasad, 1994).	Comment by OLALEKAN OGUNOYE: Most of your references are not available online. Try to reference the articles you downloaded for this work instead of copying and pasting the references list of the downloaded articles on your list of reference.	Comment by OLALEKAN OGUNOYE: Too old
Although the biology, ecology, and distribution of C. sacchariphagus indicus have been studied in detail (Kalra & David, 1971; Easwaramoorthy & Santhalakshmi, 1996), changes in agronomic practices, continuous ratooning, indiscriminate pesticide use, and climate variability have influenced its population dynamics and pest status (Singh et al., 2017). The multivoltine
 nature of the pest, characterized by overlapping generations throughout the cropping season, leads to continuous pressure on the crop and complicates management strategies (Easwaramoorthy, 2004).
Increasing concerns over environmental safety and pesticide resistance have reduced reliance on chemical control and emphasized the adoption of Integrated Pest Management (IPM) approaches (Kranthi et al., 2009). Cultural practices, biological control agents such as Trichogramma spp. and parasitoids, use of tolerant varieties, and need-based chemical interventions constitute the core components of IPM for sugarcane stem borers (David & Easwaramoorthy, 1990; Easwaramoorthy, 2012). A clear understanding of the pest’s life cycle, host preference, seasonal incidence, and economic threshold levels is essential for effective decision-making and sustainable pest management.
This review aims to synthesize available information on the distribution, biology, life cycle, host range, economic threshold levels, damage potential, and management strategies of the sugarcane internode borer, Chilo sacchariphagus indicus, in India. By integrating classical and recent research findings, the review seeks to provide a comprehensive reference for researchers, extension personnel, and farmers. In addition, emerging challenges such as climate change impacts and the need for precision-based IPM approaches are highlighted to guide future research and policy development.	Comment by OLALEKAN OGUNOYE: Your citations does not reflect your submission here, as some of your references are too old.
Taxonomy
Taxonomy The sugarcane internode borer, Chilo sacchariphagus indicus (Kapur) is a significant pest of sugarcane, which is a member of the family Crambidae. The taxonomy of the species is as follows: Order: Lepidoptera Family: Crambidae Genus: ChiloThis plant is closely related to other sugarcane borers which include Chilo infuscatellus and Chilo partellus, but can be differentiated with the help of morphological features of the mature moths and the larvas. Adult moths have straw-colored forewings and larvae are cream in color having longitudinal stripes across the body. The eggs are deposited in overlapping groups on the cover of the sheaths of leaves and young internodes, which safeguard the eggs against adverse environmental factors and predators. Proper identification at the species level is imperative in crafting effective pest management plans because each of the borer species has a different life cycle, preference of the host and sensitivity to management factors.	Comment by OLALEKAN OGUNOYE: Scientific name should be in italics.	Comment by OLALEKAN OGUNOYE: Insert comma	Comment by OLALEKAN OGUNOYE: Insert full stop	Comment by OLALEKAN OGUNOYE: Italicize	Comment by OLALEKAN OGUNOYE: Italicize
Geographic Distribution
The Chilo sacchariphagus indicus (Kapur) is a tropical pest that fits the world sugarcane planting areas to an almost perfect fit (Kalra, 1970; Easwaramoorthy, 2004). It is also most commonly reported in South/ Southeast Asia where climatic conditions are suitable to support its survival and reproduction. The pest is very extensive in India being a significant part of the sugarcane stem borer complex in plant and ratoon crop (David and Easwaramoorthy, 1990; Avasthy, 1983). States where sugarcane is grown have reported major infestations in Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra, Uttar Pradesh and Bihar (Kalra and David, 1971; Easwaramoorthy and Nandagopal, 1998). C. sacchariphagus indicus has been reported in a number of sugar producing countries in other continents other than India. The fact that it has been observed in southern and central provinces of China under the sugarcane farming (Li et al., 2011). Thailand, Malaysia, Indonesia, and Vietnam are the countries in Southeast Asia where the pest occurs and is regarded as one of the significant stalk-boring species that influences the quality and yield of cane (Chong and Siti, 1985; Way and Heong, 1994). It has been also reported in locations around the African continent, such as Madagascar, Mozambique and South Africa, and also in the Indian Ocean islands of Mauritius and Re Union where sugarcane is a significant commercial crop (Williams, 1969; Greathead, 1971). Climatic factors like temperature, relative humidity and rainfall are very important geographic determinants of the geographic distribution and abundance of C. sacchariphagus indicus, which influence the larval survival, adult emergence, fecundity and the level of annual generation completed (Easwaramoorthy, 2004). In tropical areas and where temperatures are warm and the humidity is moderate to high, several overlapping generations exist and this leads to the constant pest pressure in the crop season (Kalra, 1970). Conversely, the warmer or drier the climate the more likely it is to limit population growth and cause sporadic or localized outbreaks (David et al., 1986). The internode borer is found in most parts of the country and predominantly in the southern sugarcane belt where warm and damp climatic conditions dominate throughout the year (Avasthy, 1983). Population peaks have been observed to be between the mid-season period (June- July) and later stages of crop growth (October-November), at the time of elongation stages of the cane and maturity (Easwaramoorthy and Santhalakshmi, 1996). The flexibility of the pest to a wide range of agroecological habitats and its capacity to live on alternative hosts have added to the gradual invasion of the pest into new sugarcane-producing regions over the last decades (Singh et al., 2017). The knowledge of taxonomy and the geographic distribution of C. sacchariphagus indicus is needed to determine the likelihood of infestation, organize region-specific surveillance programs, and apply timely Integrated Pest Management (IPM) practices. Species identification and understanding of its ecological needs	Comment by OLALEKAN OGUNOYE: Italicize scientific names	Comment by OLALEKAN OGUNOYE: Start another paragraph here.	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Space in between the hyphen. 	Comment by OLALEKAN OGUNOYE: Space in between the hyphen.	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Why the breaking of paragraph?






is the basis of effective and sustainable control of this pest that is of economic importance (David and Easwaramoorthy, 1990; Easwaramoorthy, 2012).
      Life Cycle and Biology
Knowledge on the biology and life cycle of Chilo sacchariphagus indicus (Kapur) will be of interest in coming up with efficient monitoring and management measures given the fact that the insect has a hidden feeding behaviour which is in sugarcane stalks, which restricts early detection and control (Kalra, 1970; David and Easwaramoorthy, 1990). The pest is a complete metamorphic organism which has the egg stage, larval, pupal, and adult stages with the stage mostly depending on the temperature, relative humidity and the condition of the host plant (Easwaramoorthy, 2004).	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Be consistent with the use of & or and.
       Egg Stage
The eggs are deposited in hairy masses, which are mostly placed on the under surface of sheaths of leaves, tender internodes, or by the growing points of sugarcane plants (Kalra and David,1971). The fecundity is between 100 and 300 eggs per female depending on weather conditions and nutritional conditions (Avasthy, 1983). The eggs are smooth, scaly and creamy white and they give good camouflage against the natural predators (David et al., 1986). Eggs hatch in 3-6 days in optimum temperatures of about 2830 o C (Easwaramoorthy and Santhalakshmi, 1996). The oviposition practice is hidden, which limits the exposure of insecticides and the practice of early monitoring is crucial (David and Nandagopal, 1990).	Comment by OLALEKAN OGUNOYE: It's either you stick with the use of ampersand or and. Let there be consistency to your usage.	Comment by OLALEKAN OGUNOYE: Write temperature range properly please. 	Comment by OLALEKAN OGUNOYE: delete
Larval Stage
The most devastating stage in the life of the pest is the larval one. The young larvae drilled into the sugarcane internodes and fed on the inside tissues creating galleries which obstructed the movement of water and nutrients (Kalra, 1970). The larvae are creamy white in color with longitudinal brown stripes and have a dark brown head capsule used to identify the larval (Avasthy, 1983). Larval period normally runs between 30 and 47 days with 5 to 7 instar stages, which depends on the temperature and the quality of the host (Easwaramoorthy, 2004). Bore holes eliminate frass that is used as the symptomatic sign of infestation (David et al., 1986). The damage to feeding lowers the cane weight, the amount of sucrose and allows the fungi and bacteria to enter into secondary infections, a situation that makes the reduction in yield even worse (Rajendra Prasad, 1994).
      Pupal Stage

The pupa is brown, cylindrical, and covered by a silken cocoon which is made of larval secretions (Avasthy, 1983). In good environmental conditions, the pupal stage normally lasts 710 days (Easwaramoorthy and Santhalaksmi, 1996). Pupal survival and adult emergence is highly dependent on the temperature and humidity although they are non-feeding and immobile (Easwaramoorthy, 2004). Adult Stage The adult moths are nocturnal and are straw coloured and the forewings contain distinct venation and the hind-wings are light (Kalra, 1970). Adults are not prolific feeders and have no direct harmful effect on the crop and their main activity is reproduction and dispersion (David and Easwaramoorthy, 1990). Adults live between 7 and 14 days and during their lifespan, females reproduce eggs in more than one batch so that the overlapping generations during the period of the crop in tropical areas (Easwaramoorthy, 2004). 	Comment by OLALEKAN OGUNOYE: Can you substantiate this claim of 710 days or you mean to write 7 - 10 days?	Comment by OLALEKAN OGUNOYE: This is supposed to be a heading an indication that you used a paraphrasing tool, copy and paste without proper editing.
Male Behavior
The male moths are mostly smaller and slenderer than the female and also the wingspan of the male moths is 18-24mm (Avasthy, 1983). They even have filiform to slightly bipectinate antennae, which increase their ability to pick up female sex pheromones (Easwaramoorthy & Nandagopal, 1998). Males are also very mobile at night and during the dusk and also have high degree of dispersion thus spreading the infestations to adjacent fields (David et al., 1986). The argument of pheromone-based monitoring and mass trapping tactics lies on the premise of male peak activity just after the sunset (Kranthi et al., 2009).	Comment by OLALEKAN OGUNOYE: Consistency needed.
     Female Behavior
     Female moths are relatively bigger, having the wingspan of 2238 mm and strong abdomen that   is capable of producing eggs (Kalra, 1970). The ovipositor is highly formed allowing the females to lay eggs in hidden and secure places like sheaths of leaves and young internodes (Avasthy, 1983). The oviposition behavior of females is selective, they also tend to select sites where there is good probability of survival of the larvae (Easwaramoorthy, 2004). Oviposition is done mainly at night when the risk of predation is minimized and the larvae emerges at the appropriate time when the environment is favorable (David and Easwaramoorthy, 1990).
Host Range
Sugarcane (Saccharum officinarum L. and its hybrids) is the principal and most preferred host of Chilo sacchariphagus indicus (Kapur), on which the pest completes its entire life cycle (Kalra, 1970; David & Easwaramoorthy, 1990). The pest infests both plant and ratoon crops, although infestation levels are generally higher in ratoon cane due to the presence of weaker

stalks and the carryover of pest populations from the previous crop season (Avasthy, 1983; Easwaramoorthy, 2004).
In addition to cultivated sugarcane, C. sacchariphagus indicus is known to survive on several wild and cultivated grasses, which act as alternate hosts during periods when the main crop is absent (Kalra & David, 1971). Wild Saccharum species such as Saccharum spontaneum and Saccharum robustum have been reported as important reservoir hosts, particularly along field bunds and canal banks in sugarcane-growing regions (Williams, 1969; Easwaramoorthy, 2004).
Among cultivated grasses, infestations have been recorded on sorghum (Sorghum halepense), pearl millet (Pennisetum glaucum), and various fodder grasses grown in proximity to sugarcane fields (Butani, 1961; Kalra, 1970). Occasional infestations on cereal crops such as rice (Oryza sativa) and maize (Zea mays) have also been reported, especially in areas where these crops are cultivated adjacent to sugarcane fields, although they are considered secondary or incidental hosts (David et al., 1986; Rajendra Prasad, 1994).
The ability of C. sacchariphagus indicus to utilize multiple host plants enhances its persistence within the agroecosystem and facilitates early-season infestation of newly planted sugarcane (Easwaramoorthy & Nandagopal, 1998). These alternate hosts play a dual role by serving as reservoirs for pest populations as well as for natural enemies, which can be exploited in conservation and augmentative biological control programs (Greathead, 1971; Easwaramoorthy, 2012).
Symptoms and Damage
       Sugarcane internode borer, Chilo sacchariphagus indicus (Kapur) is one of the most destructive pests because its larval feeding habit is often hidden in the cane stalk and thus, it may take a long time before the pest is detected and therefore causes a lot of damage (Kalra, 1970; David & Easwaramoorthy, 1990). The knowledge of typical symptoms and damage forms would be vital in monitoring and proper pest management.	Comment by OLALEKAN OGUNOYE: Indented paragraph should be removed. 	Comment by OLALEKAN OGUNOYE: Italicize scientific name.
First and Second Instars
       The initial instar larva is of a cream color, is translucent, and is approximately 12 mm when hatched. Immediately after hatching, larvae dig holes on young internodes or sheaths of leaves and fed on tender parenchymatous internal tissue (Kalra & David, 1971). The second instar larva weighing about 24mm in length moves on with its internal feeding and creates small

tunnels in the stem (Avasthy, 1983). Larvae during these initial developmental stages are relatively more vulnerable to biological control agents (David et al., 1986; Easwaramoorthy, 2004). Early intervention at this phase may help to minimize the later loss.
     Third and fourth instar stages.
The third and fourth stages are the most active feeding stages. Larvae are 6-12 mm long and are distinguished by darker head capsule and the stripes which are distinct and longitudinal (Avasthy, 1983). At this stage, the larvae increase the size of galleries through massive feeding on parenchymatous tissues around the vascular bundles which considerably disrupts the translocation of water and nutrients (Kalra, 1970). Frass extrusion through boreholes is significant and a major diagnostic symptom when used in field detection (David and Nandagopal 1990). Larvae are also more difficult to control because they are still protected.
Instar Eight and Ten.
      These are the last stages, which develop into adult insects of the species.<|human|>Late Instar. These are the final stages, which grow into adult insects of the species. Late instar larvae measure 20-25 mm long and they cause the highest structural destruction to the cane (Easwaramoorthy, 2004). Such larvae broaden the bore holes and could move and leave a number of frass-filled holes along the stalk (Kalra & David, 1971). Vast boreholes provide entry of secondary pathogens which cause more degradation of stems and further decline in quality of cane. At this point, the larvae are very resistant to the control of chemicals because of their sheltered feeding place (Rajendra Prasad, 1994). Internode Tunneling Extensive tunneling in the internodes is the characteristic feature of the attack of internode borers. Young internodes are penetrated by newly hatched larvae that consume parenchymatous tissue surrounding the vascular bundles interrupting water and nutrient flow and causing a decrease in the level of sucrose (David et al., 1986). Typical indicators of infestation are the galleries filled with frass and dark powdery extrusions of frass on the cane surface (Kalra, 1970). Deformed Internodes and Stunted Internodes. Feeding of larvae leads to shorter and narrowed internodes leading to deformed and weak brittle canes (Avasthy, 1983). Stems that are severely infested can be broken in the process of harvesting or forced under the wind and rain, causing further losses to the yield (Easwaramoorthy, 2004). primary infection of dead heart. The larva can cause death of the central shoot in young plant and ratoon crops when larval feeding is done close to the base of the internodes and is widely known as dead heart (Kalra and David, 1971). The ratoon crops are especially susceptible with weakened shoots being unable to	Comment by OLALEKAN OGUNOYE: What do you intend writing with this sign?

develop leading to low tillering and irregular crop establishment (David and Easwaramoorthy, 1990). Secondary Infections The entry and exit holes caused by larvae serve as an access point by opportunistic fungi and bacteria, increasing stalk rot and degradation of the quality of the juice (Easwaramoorthy, 2004). These secondary infections usually increase the visual and economic effects of internode borer infestation (Rajendra Prasad, 1994). Yield and Quality Losses Direct and indirect losses in yield are caused by C. sacchariphagus indicus infestation. Severe cases are reported to decrease the cane yield by up to 830 per cent and commercial recovery of sucrose by a significant margin (Avasthy, 1983; Easwaramoorthy, 2004). Cumulative pest pressure particularly affects the yield losses in the ratoon crops (David et al., 1986). Patterns of Damage in Space and Time. The damage tends to be patchy during the early stages, and most mostly at field borders, weeds and areas with alternative host grasses (Kalra, 1970). Infestation is spread to the main crop as the season advances with the greatest losses realized in the mid- to late-season stages (June- November in southern India) (Easwaramoorthy and Santhalakshmi, 1996). The number of rainfalls, humidity, and temperature have a significant impact on pest activity and the degree of damage (Singh et al., 2017). The effective Integrated Pest Management (IPM) is based on the accurate identification of such symptoms as frass extrusion, dead hearts, and deformed internodes, which is accompanied by timely field scouting. Treating early larval instar with suitable measures can greatly reduce the loss in yield and quality and increase the sugarcane production (David and Easwaramoorthy, 1990; Easwaramoorthy, 2012).	Comment by OLALEKAN OGUNOYE: Always italicize 
     Individual Psychological Management.
     Economic Threshold Level (ETL) is one of the elementary notions in pest management and it is described as the pest population density of the pest that results in the expected economic loss due to the pest that is equal to the cost of the control measures (Stern et al., 1959). In the case of the sugarcane internode borer, Chilo sacchariphagus indicus (Kapur), it is especially important to determine an accurate ETL since such a pest has a secret feeding behavior which makes it difficult to detect until it has caused substantial harm to the cane stalk (David and Easwaramoorthy 1990). The implementation of ETLs allows the sugarcane farmers to engage efficient, financially viable, and ecologically sound control interventions without having to engage in unjustified pesticides application (Easwaramoorthy, 2004). Setting Economic Threshold. ETL of C. sacchariphagus indicus depends on the agroclimatic factor, the variety of sugarcane, stage of crop development and the existing pest pressure (Kalra, 1970; Easwaramoorthy and Nandagopal, 1998). Field research carried out in various sugarcane-	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Italicize 

producing areas in India has revealed that an infestation of around 1015 per cent bored internodes or 1520 bored canes per 6 meter row leads to the loss of economic significance in terms of yields hence the need to initiate control measures (Avasthy, 1983; Rajendra Prasad, 1994). The limited level of infestation in high-sucrose and premium cultivars can be considered as grounds to intervene because the least amount of damage can negatively impact the sugar recovery and processing efficiency (Easwaramoorthy, 2004). On the other hand, relatively high levels of infestation can be maintained without direct economic damage by tolerant or moderately resistant ones (David et al., 1986). The stage of crop is also very significant in dictating the ETLs of the internode borer. With plant crops, early infestation at the early stages of growth can cause the development of dead heart and subsequent losses in tillering with long term yield penalties and hence lower ETLs is advisable at this stage (Kalra and David, 1971; David and Easwaramoorthy, 1990). The relatively older plants of the ratoon crops, however, the systematic destruction caused by the generations of the pest can drastically lead to decrease of cane production and quality of the juice and therefore, moderate but reasonable ETLs are recommended (Easwaramoorthy, 2004).
Assessment Methods
        Between scans of the field, ETLs cannot be estimated properly without organizing an almost    routine field scan. Some of the assessment methods that are commonly advised are:
1. Count: To determine the intensity of infestation, determine the number of bored internodes or bored canes in 10 20 random canes in each plot (Kalra, 1970).
2. Frass observation: Tracking the occurrence of frass extrusion of boreholes on cane stalks as a good and predictable sign of larval activity (David et al., 1986).
3. Mapping of infestation: Documentation of spatial distribution of damages in the field to establish high pest-risk areas (Easwaramoorthy and Santhalakshmi, 1996).
These observations can be integrated to enable growers and extension personalities to be able to compare the level of infestations in the fields with the already known ETLs and undertake decisions about the need and timely action to be taken to control these infestations. Integrated Pest Management (IPM) strategies involve adoption of ETL-based interventions as a major approach towards the sustainable management of the sugarcane internode borer (David and Easwaramoorthy, 1990; Easwaramoorthy, 2012).
     Management Strategies in India.
The sugarcane internode borer, Chilo sacchariphagus is a pest that needs to be managed in India using a multidisciplinary method that incorporates cultural, biological, chemical, and resistance of the host plant. The obscurity of larval feeding within the cane stalk and multivoltic nature of the pest makes it impossible to control using single methods; therefore, Integrated Pest Management (IPM) is deemed as the most viable method (David and Easwaramoorthy, 1990; Easwaramoorthy, 2004). 	Comment by OLALEKAN OGUNOYE: Italicize and write complete name of the organism.	Comment by OLALEKAN OGUNOYE: & or and? Please stick to one and be consistent in it usage.
Cultural Practices
The principle of cultural control underlies the IPM of sugarcane internode borers by decreasing pest load at the initial phase and eliminating the carryover (Kalra, 1970; Avasthy, 1983).
· Field hygiene: At harvest time, populations of larvae and pupae that develop over winter are eradicated by ridding the fields of crop remains, stubbles, and infected canes (Kalra and David, 1971).	Comment by OLALEKAN OGUNOYE: Be consistent 
Planting time adjustment: It has been observed that planting time can be developed to prevent peak seasons of borer infestation to minimize early infestation especially in endemic regions (Easwaramoorthy and Santhalakshmi, 1996).
· Ratoon management: Appropriate ratoon management procedures, like stubble shaving, off-barring and destruction of ratoons with heavy infestation can control pest carry-overs between seasons (David et al., 1986). Use of alternate host grasses and wild Saccharum species are removed around field bunds and irrigation channels to minimize the survival of pests in the off-season (Williams, 1969; Easwaramoorthy, 2004). 
Mechanical control: local control of pests in small and seed cane plots can be achieved by the local destruction of infested canes and by hand removal of frass-infested stalks (Avasthy, 1983).
Biological Control Biological control has been found to be instrumental in sustainable control of C. sacchariphagus indicus through the use of its natural enemies (Greathead, 1971; Easwaramoorthy, 2012).
Parasitoids: The egg parasitoids like Trichogramma chilonis Ishii and the larval parasites like Cotesia flavipes Cameron have been utilized. Repeated releases of T. chiloni at weekly intervals during the areas of maximum oviposition and conservation of C. flavipes have turned out to cause a substantial decrease in internode borer infestation (David and Easwaramoorthy, 1990; Easwaramoorthy and Nandagopal, 1998).	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Italicize 
  Predators: Generalist predators such as ants, spiders, coccinellids, and predatory beetles help   in natural control of the population of borers especially in fields where pesticides have not been disturbed to a large extent (Kalra, 1970). Findings: Entomopathogens: Entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae, and nuclear polyhedrosis viruses have been proposed as potential sugarcane borers, but the activity of these organisms depends on humidity and temperature.
         Chemical Control	Comment by OLALEKAN OGUNOYE: Remove indented paragraph 
          The use of chemical control should be adopted to a situation where pest population is at Economic Threshold Level (ETL) and it should be combined with other control strategies to prevent resistance and environmental risks (Stern et al., 1959; Kranthi et al., 2009).
Early instar stages: The most effective insecticides applied to control stalk instar stages are systemic and contact insecticides like chlorantraniliprole, thiamethoxam and indoxacarb, which should be applied targeting early instar stages before the instar penetrates deeply within the stalk (David and Nandagopal, 1990; Easwaramoorthy, 2012).
· Sett treatment and soil application: Sett dips and soil application of suggested systemic insecticides prevent early infestation of young shoots at the time of early crop establishment (Avasthy, 1983).
Prudent application and rotation: Insecticides with varying modes of action, application of recommended doses and application at the right time are important in slowing the resistance evolution and minimize non-target impacts (Kranthi et al., 2009). On the whole, cultural, biological, and need-based chemical control measures with the assistance of a regular monitoring system and ETL-based decision-making represent an efficient IPM approach to the control of Chilo sacchariphagus indicus in India. Such integrated solutions do not only minimize economic losses but also facilitate the sustainability of the environment and productivity of sugarcane agroecosystem in the long term (David and Easwaramoorthy, 1990; Easwaramoorthy, 2012).	Comment by OLALEKAN OGUNOYE: Italicize 
      Integrated Pest Management
Integrated Pest Management (IPM) is an eco-prudent decision-based methodology that incorporates cultural, biological, chemical, and host plants resistance management practices, based on frequent pest monitoring and Economic Threshold Levels (ETLs) to control the levels of pests at economically non-damaging levels (Stern et al., 1959; David and Easwaramoorthy, 1990). In the case of the sugarcane internode borer, Chilo sacchariphagus indicus (Kapur), IPM is especially necessary because of the secretive feeding behavior of the pest and overlapping generations which reduce the efficacy of unilateral control. strategies (Easwaramoorthy, 2004). An effective IPM program to control internode borer in India focuses on the preventive and need-based control, which include:	Comment by OLALEKAN OGUNOYE: Italicize 
Periodic outdoor scouting: Infestations which are still young including extrusion of frass, bore internodes, and dead hearts can be detected and prevented early on (Kalra, 1970; David et al., 1986).
Biological control 2: Augmentative release of egg parasitoids (Trichogramma chilonis) at the time of high oviposition (Greathead, 1971; Easwaramoorthy and Nandagopal, 1998). • Reasoned use of insecticides: Selective insecticides should only be applied when the pest population is more than ETLs and this will provide good control with minimal side effects on the natural enemies and environment (Stern et al., 1959; Kranthi et al., 2009).	Comment by OLALEKAN OGUNOYE: What is the significance of this number here?	Comment by OLALEKAN OGUNOYE: Italicize please. 	Comment by OLALEKAN OGUNOYE: This is supposed to be a bullet point. 
Resistance of the host plants and agronomy: The acceptance of more tolerant or resistant sugarcane varieties, paired with good agronomic practices, e.g., balanced fertilization, appropriate irrigation, and good management of ratoon, makes the crop more tolerant to the damage caused by the pests and decreases the severity of the infestation (Avasthy, 1983; Easwaramoorthy, 2012).	Comment by OLALEKAN OGUNOYE: This should be in bold.
Comprehensive approach towards carrying out IPM practices has proven to result in heavy reduction in yield losses, decrease in pesticide residues, and ecological sustainability in sugarcane agroecosystems (David and Easwaramoorthy, 1990). The contemporary studies in India are oriented towards enhancing IPM by designing predictive pest forecasting systems, pheromone-based monitoring and mass trapping systems, and applying microbial biopesticides to enhance accuracy and efficiency in different agroclimatic settings (Easwaramoorthy, 2012; Singh et al., 2017).
Resistant Varieties
Chilo sacchariphagus indicus sugarcane internode borer has an important and eco-friendly constituent of Integrated Pest Management (IPM) as host plant resistance. A number of systematic field screening and breeding have discovered sugarcane varieties and genetic resources with different degrees of resistance or tolerance to internode borer infestation (Avasthy, 1983; Easwaramoorthy, 2004). The variety Co 293 was found by a four-year comprehensive field screening study of 535 Indian sugarcane hybrids as one that would	Comment by OLALEKAN OGUNOYE: Why put in bold?
consistently suffer no damage caused by the internode borer (Easwaramoorthy and Nandagopal, 1998). The Co 293 resistance against Co 293 was further corroborated in controlled artificial infestation conditions whereby it was characterized by low larval survival, retardation of larval development and low occurrence and severity of internode borer attack (David and Easwaramoorthy, 1990). These observations indicate the potential that exists between both antixenosis (non-preference) and antibiosis (adverse effects on pest biology) mechanisms of resistance and Co 293 can be used as a parent in breeding programs to enhance the level of borer resistance in commercial sugarcane cultivars. The introduction of resistance to wild relatives has also been a major factor in improving the resistance to borers. Erianthus spp. genetic material has also been used successfully in sugarcane improvement programmes, in which better tolerances to stem borers have been introduced. Other genotypes such as Co 06022 and Co 06030 produced with an Erianthus background have demonstrated reduced internode borer occurrence and reduced larval tunnel length than other genotypes produced solely using Saccharum (Nair et al., 2012; Singh et al., 2017). This suggests that the resistance genes that come with wild species lead to less larval establishment and feeding hence minimizing the source of damage. Follow-up screening on the progenies of Saccharum robustum revealed several promising clones such as GUK 14-722, GUK 14-129, GUK 14- 130 and GUK 14-745 that are resistant to internode borer, early shoot borer and termites (Easwaramoorthy, 2012). These progenies showed comparatively low incidence of internode borer (below 10 percent) relative to other genotypes, meaning that they can be used as sources of multi-pest resistance. Such clones can be considered as precious breeding material to enhance the resistance base when it comes to the sugarcane breeding programs. New genotypes have also been reported to include GU 19-4, GU 19-24, GU 19-38, GU 19-55, and GU 19-77 which showed reduced morphological alterations in internodes and lower internode borer infestation when exposed to natural field conditions (Singh et al., 2020). These clones are also believed to be good candidates in the future testing of multilocation and varietal development and can be successfully incorporated in the IPM programs because of the tolerance traits they possess. Altogether, the utilization of resistant and tolerant types especially the ones that are based on wild germplasm provides a long-term and economical method of controlling C. sacchariphagus indicus. The inclusion of these varieties in IPM programmes decreases reliance on chemical insecticides, decreases production expenses and leads to eventual ecological stability in the sugarcane agro ecological systems (David and Easwaramoorthy, 1990; Easwaramoorthy, 2012).	Comment by OLALEKAN OGUNOYE: Italicize 	Comment by OLALEKAN OGUNOYE: Italicize 
      Conclusion
To control C. sacchariphagus indicus in India a multifaceted and dynamic strategy involving the combination of cultural, biological, chemical, and genetic resources in an ecological context is necessary. With a better knowledge in the biology of pests, coupled up with sustainable practices, economic losses can be minimized, environmental impacts can be minimized and the profitability and productivity of sugarcane farming can improve.	Comment by OLALEKAN OGUNOYE: merge together: "economic losses and environmental impact can be minimized"
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