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In Asia, yellow stem borer (YSB) Scirpophaga incertulas (Walker) (Lepidoptera: Crambidae) is the most economically significant and common insect pest of rice (Oryza sativa L.) especially in the irrigated and rainfed lowland ecosystems. It is monophagous, cryptically internally fed, and highly synchronized to rice growth stages, which allows chronic damage to both the vegetative and reproductive stages with symptoms that include the dead heart and white ear and severely diminish the tillering and grain harvest. The review gives a synthesis of YSB taxonomy and geographic distribution, life cycle biology (egg, larval, pupal, and adult stages), damage mechanisms, physiological effects on host plants and variables affecting population dynamics (nitrogen fertilization, planting timing, and climatic variables). The traditional and new management techniques are talked about in the presence of economic threshold levels (ETL) and monitoring devices like pheromone traps. It focuses on integrated pest management (IPM) methods, including cultural control methods (optimal planting dates, balanced fertilization, water management), host-plant resistance (morphological and biochemical), biological control (egg parasitoids such as Trichogramma japonicum, Telenomus spp., Tetrastichus schoenobii), biorational insecticides (e.g., spinosad), selective chemicals (e.g., chlorantraniliprole), and behavioral control (e.g., using the mating dis The review points out the transition of depending on general insecticides with a general approach to sustainable and environmental-friendly strategies to reduce the resistance, recurrence, and environmental hazards. The future directions involve the exploitation of genomic understanding, accuracy tracking, and climate-tolerant IPM as a means of managing this chronic rice pest effectively and in the long-term.
Keywords: Scirpophaga incertulas, white ear, dead heart, biology, integrated pest management, host plant resistance, biological control, pheromone technology
Introduction

The most significant cereal crop of Asia is rice (Oryza Sativa L.) that sustains the food security and millon people livelihood (Khush, 2005; Bhandari et al., 2023; Tagliapietra et al., 2024). Many insect pest categories were found to cause major problem in rice production of which chronic and extensive damages are caused by stem borer (Savary et al., 2000; Chintalapati et al., 2023). Scirpophaga incertulas (Walker) (Lepidoptera: Crambidae) is known as the most destructive and economically significant species of stem borer in irrigated
      and rainfed lowland rice systems of South and Southeast Asia (Dale, 1994; Khan et al., 1991).
Its monophasic status, internal feeding behavior and tightness to the stages of crop growth render it a constant menace during the rice production period (Dale, 1994). Damage is caused by the larval stage of the yellow stem borer which feeds internally into the growing tissues by boring holes into the rice stem (Khan et al., 1991). This is a hidden feeding mechanism that safeguards the larvae against natural predators and contact insecticides making it difficult to manage (Heinrichs and Mochida, 1984). Symptoms of damage are dependent on the stage of the crop: during the vegetative stage, there is the so-called damage of the heart (infestations leading to drying up and death of the central shoot), which is observed in the reproductive stage as the so-called damage of the ear (white ear), or damage of the head (white head), when panicles develop without grain being filled (Dale, 1994; Khan et al., 1991). The two symptoms lead to extensive decrease in the effective tiller count and grain yield and in many cases have no early external evidence of infestation (Savary et al., 2000). The significance of YSB as a pest has grown with the growth of high yielding rice varieties, high fertilizer application and all year round rice production (Heong et al., 2015). The continuous availability of hosts is due to excessive nitrogen application, promotion of larval survival, and asynchronous planting and overlapping crop seasons (Horgan et al., 2016). Besides, climate changes, especially higher temperature and humidity, have also been linked with higher survival rates, accelerated development and more generations per year, further worsening the incidence of YSB (Horgan et al., 2016). Yellow stem borer has long been controlled using chemical insecticides, although excessive and indiscriminate use has resulted in ecological imbalance, resistance occurrence and comeback of pest populations (Heinrichs and Mochida, 1984; Heong et al., 2015). As a result, it has switched to integrated pest management (IPM) approaches involving the combination of cultural practices, host-plant resistance, biological control, and need-based use of selective insecticides (Khan et al., 1991; Horgan et al., 2017). Recent progress in the pheromone technology, parasitoid enrichment, and molecular research of YSB biology have given a new avenue of more precise and sustainable control (Prakash et al., 2007). This chapter is a detailed description of the yellow stem borer including its taxonomy, biology, the symptoms of its damage and the current management measures. To come up with effective, environmental sound and economically viable strategies to control Scirpophaga incertulas, it is important to understand the biology and ecological relationship of this rice pest (Dale, 1994).


Taxonomy and Geographic Distribution
                 Taxonomic position:

Kingdom: Animalia Phylum: Arthropoda Class: Insecta Order: Lepidoptera Family: Crambidae Genus: Scirpophaga Species: incertulas
The adult males of Scirpophaga incertulas are light brown bigger than female (Dale et al, 1994). They have forewings with a bit of color in them; hind wings are white. The forewings of the females are yellowish. The hind wings of the S. incertulas are pale white. (Shravani Sanyal, et al. 2025) the paddy yellow stem borer is a type of insect that belongs to the family called Crambidae. This family is under the order called Lepidoptera. The paddy yellow stem borer was first described by Francis Walker in the year 1863.
The paddy yellow stem borer is really widespread, it is found in Afghanistan and many countries, in South and Southeast Asia. Includes countries like India and Bangladesh and Sri Lanka and Myanmar and Vietnam and Malaysia and Indonesia and the Philippines and China and Japan.
Economic Importance

The stem borer is a problem for rice crops because it can damage the rice at any stage of growth. This means the stem borer can directly reduce the amount of rice that is harvested and also damage the crop in ways. The stem borer is thought to be the damaging insect to rice crops in the areas where it is found (Savary et al, 2000)
When the stem borer infests rice crops things like rainfall and temperature can make a difference, in how quickly the stem borer population grows and how often a new generation of stem borers is produced. The yellow stem borer, which is also known as Scirpophaga incertulas is a problem, for rice crops. It attacks the rice plants at every stage of growth. There are types of stem borers that also damage rice crops. We saw some bugs on our crops. These bugs are called Dark headed stem borer, which is also known as Chilo polychrysus and Pink stem borer,







which is also known as Sesamia inferens. There were also Stripped stem borer, which is also known as Chilo supressalis and White borer which is also known as Scirpophaga innotata. We found this Dark headed stem borer and pink stem borer and Stripped stem borer and White borer when our crops were, at the tillering stage (DP Singh et al, 2019).
The yellow stem borer causes serious damage, at the beginning of the plants life its damage results in a loss of 0.28 percent. When the plant is getting ready to produce rice the loss is 0.62 percent (Shamik Dey, 2020). This being problem in rice crop cultivation. We need to find ways to stop them from causing so much damage, which means it is important to use a combination of methods to control pests, grow rice varieties that can resist the yellow stem borer and keep a close eye on the crops to minimize loss and keep producing a lot of rice.
Biology

Four stages are seen in Yellow stem borer lifecycle: the egg, the larva, the pupa and the adult. It passes through these stages one after the other. The larva stage of the stem borer has five parts. The larval stage of the stem borer causes damage to rice plant because larva feed inside the stem.
Egg stage

Eggs are flat, bit long (Sanchez et al, 2023). They are laid on the outside of rice leaves or the leaf covers. The Yellow Stem Borer prefer to lay eggs on the underside of the part of the leaf portion (Jenny Faith Sanchez et al, 2023). Each bunch of eggs can have 50 to 200 eggs in it. Females of yellow stem borer cover these eggs in order to prevent drying out and safeguard from natural enemies. Freshly laid eggs are creamy white and before hatching turns into yellowish gradually. Depending on the humidity and temperature the incubation period varies from 5 to 9 days. Egg laying generally occurs during night hours, and egg survival is higher under warm, humid conditions typical of rice-growing environments.

Table 1- Description of the egg stage 

	Characteristic
	Description

	Appearance
	The eggs are creamy white. They are flattened (Kumar et al, 2020). They are oval, in shape and kind of scale-like. These eggs are laid in masses. The masses of eggs are
made up of lots of eggs from the thing the eggs.

	Oviposition
	In the tip of the leaf blade 50 to 200 eggs are laid on the
dorsal side.



	Protection
	The egg mass has a covering. This covering is made up of fuzzy hairs that are a brownish color. These hairs are really silky and feel like velvet. The female’s abdomen produces these hairs at the end often called the tuft. Because of these hairs the egg mass really stands out. You
can see it easily.

	Duration (Days)
	5 to 9 days (typically 6-8 days).

	Favorable Factors
	Optimum Temperature: 24 to 29 degree Celsius. High Relative Humidity: 90%to 100% RH is optimal for high hatching  rates;  hatching  is  severely  reduced  below
70%RH.



Larval stage

The larval stage of the insect has five parts. During these parts the caterpillar eats from the inside of the rice stem. The caterpillar is inside the rice stem for a while. It keeps eating. The larval stage is very important as it cause damage.
Table 2- Description of the larval stage 


	Characteristic
	Description

	Appearance
	Newly hatched: Yellowish-green with a dark brown/black head (Gautam et al, 2021). Full-grown: Pale yellow to dirty white, fleshy, with a distinctive dark brown head and a prominent prothoracic shield. Larvae are typically about
20mm long at maturity

	Instars
	This thing usually goes through 4 to 5 larval instars. When
it is really hot the number of instars is lower. When food is hard to find the number of larval instars may go up.

	Behavior
	When the larvae hatch they spread out. Dig into the leaf sheath. Then they tunnel into the stem of the rice plant (Dale, 1994). The larvae eat the tissue inside the plant. This causes two problems for the rice plant: Dead Heart and White Earhead. The larvae are really good at hiding
while they feed.



	Duration (Days)
	21 to 34 days (average 25-29days).

	Favourable Factors
	Temperature is a deal for larval development. It gets faster when it is warmer. The best temperature for this is between 23 and 29 degrees Celsius. If it gets too cold at 12 degrees Celsius the development just stops. If it gets too hot at 35 degrees Celsius the larvae die. Diapause: Mature last-instar larvae can enter a state of diapause (dormancy) inside rice stubbles during unfavourable conditions, such as cool winter months or lack of host
plants.


First instar larva

The larva is a tiny thing the colour of the larva is grey and the head of the larva is black and dark  brown  prothoracic  shield  as  well  as  white  bands  before mesothorax is present (Kumar et al, 2020) . Soon after emergence, it migrates to the plant base and bores into the leaf sheath or stem. This instar causes minimal visible damage externally and lasts about 4–5 days.
Second instar larva

The second instar larvae are bigger. They are creamy yellow, in color. The larvae start eating a lot more. They go deeper into the stem, damages the vascular tissue. The second instar larvae stage usually lasts for about 3 to 4 days.
Third instar larva

The feeding and body size of the larvae increases. The larvae eat a lot of the tissues of the plant. This makes the stem weak, inhibiting translocation of nutrients. The damage symptom is seen externally. The third instar of the larvae lasts for 5 to 6 days.
Fourth instar larva

This stage causes extreme damage internally. Feeding during this stage commonly results in dead heart symptoms during the vegetative phase. The fourth instar larvae stage goes on for 4 to 5 days.

Fifth instar larva

Most destructive stage of larva is the fifth instar. The larvae eat a lot of the stem tissue. Get ready to turn into pupae, inside the stem. Infestation during the reproductive stage results in white ear formation (Dale et al, 1994). The fifth instar of the larvae lasts for 6 to 7 days. The larval period totally ranges from 27 to 29 days during kharif (Gautam et al, 2020), depending on environmental conditions.
Pupal stage

The rice stem is where pupation happens. It happens inside a silken cocoon. The pupa is a yellow color or sometimes it is dark brown. The pupa stays with its head pointing upwards. This makes it easy for the adult to come out. Before the pupation happens the larva makes a hole, in the wall of the rice stem. The larva then covers this hole with silk. The pupal period of the moth lasts for 5 to 12 days. After that the adult moth comes out through the exit hole. This usually happens in the evening or, at night when it is dark.
Table 3- Description of the Pupal  stage 

	Characteristic
	Description

	Appearance
	Pale to dark brown, elongate, and enclosed within a white silken cocoon (Katti et at, 2021). The average size is about 12mm to 3mm.

	Pupation Site
	The pupation of the moth happens inside the rice stem. This usually takes place near the base of the tiller or just above the water level. Before the larva turns into a pupa it cuts a hole, in the wall of the rice stem, it can come out easily when it is time for the adult moth to emerge from
the rice stem.

	Duration (Days)
	5 to 12 days (average 7-10 days), with duration being inversely related to temperature. The developmental threshold temperature is approximately 15 to 16 degree
Celsius.

	Favorable Factors
	The pupal period shortens at higher temperature than
optimum



Adult stage

These moths are medium size. They have yellow- or straw-colored wings and body. The females are brown or straw coloured. They have a black spot on their wings right at the centre near the lower edge on the forewing. Hind wings are straw coloured. The females are bigger than the males (Katti et al, 2021). They have a tuft at the back which they use to cover their eggs. The male moths are different. They have lots of dark spots near the tip of their brown colored front wings. These spots are not very easy to see on the wings of the male moths. Adults are nocturnal. The life of an adult is very short it only lives for 2 to 4 days (Kumar et al, 2023). Overlapping of many generations occurs in a single rice cropping season.
Sexual Dimorphism in Adult Moths

Adult S. incertulas moths display prominent differences in size, color, and specific morphological features, which are vital for identification and reproductive success.
Table 4- Sexual Dimorphism in Adult Moths


	Feature
	Female Moth (S. incertulas)
	Male Moth (S. incertulas)

	Size
	Larger (wingspan approx. 24 to 36 mm).
	Smaller (wingspan approx. 20mmto 30mm).

	Forewings
	Bright yellowish-brown or straw colored (Kumar et al, 2023).	Possesses a conspicuous single black spot near the center toward the lower angle of each forewing.
	Pale yellow to brownish- ochreous  or  grey. Usually lacks the prominent single black spot. May have a few smaller, less distinct dark spots near the tip of the forewing.

	Abdomen
	Shorter, wider and stouter. The tip has a lot of golden or yellowish hairs on it. These hairs are really dense. They make a special tuft known as anal tuft or anal scale.
	Slenderer and longer. The anal end has less hair.


.



	Function	of	Anal	Tuft (Female)
	The hairs of this tuft are used to cover the laid egg masses on the rice plant. This helps to protect the egg masses. The hairs providing camouflage and make a barrier against natural enemies and dessication
	Used for general protection of the genitalia, but not involved in egg covering.

	Longevity
	Generally, lives slightly longer than the male (average 3 to 4 days).
	Generally,	lives	a	shorter period (average 2to 3 days).




Life cycle duration

Under favorable tropical conditions, the complete life cycle of Scirpophaga incertulas is completed in 42–44 days (CPN Gautam et al, 2020), allowing several generations per year.
Damage Symptoms with ETL YSB larvae give typical

Dead heart: During vegetative stage the central leaves shrivel and wither to create a dead tiller which can be easily pulled out; small holes of entry as well as frass can be seen.
White ear: At maturity, panicles become white and chaffy with no grain content, usually with the frass at the base.
The highest and peak incidence of dead heart induced by yellow stem borer was observed after 30 and 40 DAT (Shamik Dey, 2020). In the meantime, the highest and optimum incidence of white ears caused by yellow stem borer infestation was at 90 and 100 DAT (B N BALAJI and L VIJAYKUMAR, 2025) Yield losses are greater caused by white ears than dead hearts since plants can partially compensate the vegetative damage. 5-10% dead hearts, 1 egg mass per mt2or 1 adult moth per mt2 K. (CHAKRABORty, et al.) Favourable condition to damage is in heading stage of the crop.



Food and Physiology of Yellow Stem Borer (Scirpophaga incertulas)
 	The yellow stem borer is an internally feeding monophagous pest. Its physiological and feeding     behavior makes it one of the major pests of rice. The larval stage is the only stage that causes feeding damage but adults do not inflict direct damage on the crop.
Feeding habit and location of feeding.
This special repertoire of genes may enable YSB to sense the cues and recognize the rice host selectively by eliminating the non-host species, thereby evolving into a strictly monophagous pest (Divya Kattupalli et al, 2021). After being hatched, the newly born larvae move to the lower part of the rice plant and tunnel into the leaf sheath or the stem within a short duration of its hatching. Internally, larvae feed on the growing tissues, such as the apical meristem and vascular bundles. This secret feeding pattern guards the larvae against external interference, predators and contact insecticides which makes it hard to control.
Mechanism of feeding and tissue destruction.
The larvae also have powerful mandibulate mouth parts that are designed to chew and these help to destroy the apical growing point and the essential vascular tissues. This internal tunneling impairs the work of xylem and phloem, preventing the movement of water and nutrients, causing the typical mechanical and physiological weakening of the stem called dead heart and white ear (Katti et al., 2021).
Degradation and damage per instar.

The intensity of feeding is incremental with the successive larval instar. The initial instar leads to minimal damage which can usually go undetected as compared to middle instar (3 rd -4 th) which results in severe internal damage. The fifth instar is associated with the highest destructive power, as it feeds on high amounts of stem tissue and leaves permanent damage (Katti et al., 2021; Litsinger et al., 2006).
Physiological effect on rice plants.

Constant feeding of the larvae interferes with the physiological processes of rice plants and decreases the translocation of carbohydrates, the movement of water in the stem, and the chlorophyll content and photosynthetic efficiency (Litsinger, et al., 2006; Rajadurai, et al., 2017). During the vegetative stage, damage to the apical growing point causes the formation of a dead heart and damage to the reproductive stage causes the formation of white ears heads

because of the full inhibition of nutrient flow into the developing grains (Satpathi et al., 2012; Katti et al., 2021).
India (according to NIPHM and usual guidelines): Economic Threshold Level (ETL):
· Nursery: 1 egg mass/m²
· Tillingering stage: 2 egg masses/m 2 or 10% dead hearts or 1-2 moths/m 2. Panicle formation/flowering 2 egg masses/m 2 or 5 percent dead hearts/white ears. (Ghosal et al.,)
Management Style - (Conservative to Innovative)

Agronomic and Cultural Management
· Agronomical and cultural practices are main pillars of Integrated Pest Management (IPM) (Ghosal et al.,) which provide a sustainable and economical method of reducing the infestation of yellow stem borer (YSB) by interfering with the environment and the life cycle of the pest.
Optimized Planting Dates

The time of transplanting is an essential tactic to avoid high seasons of pest attacks of the crop. Studies have shown that timely or early transplanting has a high effect in reducing the number of dead hearts and also white ear heads (Sudeepa Kumari Jha 2021). Namely, rice seedlings transplanted between the second and fourth week of July had the lowest rate of stem borer damage in contrast to late-transplanted crops in the second week of August. Late transplanting has a tendency of aligning the susceptible stages of the rice plant with the peak population of
S. incertulas and hence the damage would be more serious (Mohammad Abbas Ahmad, et al,
2025)

Balance of Fertilization and Nitrogen

The intensity of the stem borer infestations is directly correlated with the level of nitrogen (N) application. Overuse of nitrogenous fertilizers encourages healthy vegetation growth, and this is very appealing to the YSB moths to oviposition, and can support the development of the larvae with a good quality of nutrition. Research indicates that 80 kg N/ha to 100 kg N/ha application yields considerably low percentages of dead heart and white ear head than when dosages are increased to 120 kg N/ha (N.B. Pawar, et al, 2023). The management strategies

should then aim at balanced fertilization reducing plant vulnerableness and ensuring that the yield is maximized
Water and Microclimate Management

Larval movement and survival can be discouraged with the use of proper water management such as intermittent drainage. Moreover, the spacing of plants and the development of an alleyway in the field enhances the aeration and penetration of sunlight. This alteration of the microclimate in the field decreases the amount of humidity which is otherwise conducive to the larvae to survive and so, the pest population is naturally checked.
Host-Plant Resistance and Choice of Varieties

Host plant resistance (HPR) is a foundation of Integrated Pest Management (IPM) against the yellow stem borer (Scirpophaga incertulas), which is a sustainable substitute of chemical interventions (Mandras, 1991). The review by Chavan and Patel (2018) states that the resistance is regulated by a complex of morphological and biochemical characteristics that disrupt the selection, feeding, and development of the pest. In morphology, the characters that are positively related to resistance are high trichome density, smaller stem diameter and height of the plant, which serves as a physical barrier or deterrent to oviposition and larval entry. On the other hand, genotypes prone to attack are usually wider in stems and expansive in the area of the leaf. The biochemical study indicates that resistant varieties retain considerably high amounts of total phenols, tannin and silica (Prakash et al.,). The presence of high silica material is especially critical since it causes physical wearage on the mandibles of larvae resulting in a high death rate among the larvae. Moreover, biochemical resistance is associated with a reduced level of total sugars and proteins, thus diminishing the nutritional value of the host, thus eliciting the antibiosis mechanism, which inhibits the larvae survival and growth. Silica enhanced the growth of plants and the level of attack resistance by S. incertulas (Patchane and Khan, 1990). Response of the harder epidermal cells on the stems and leaf sheaths to silica slowed larval penetration. The moderately resistant RG 53, RG 74, RG 148, and TPS 5 genotypes were resistant in oviposition and white ear (N Devasena, et al, 2018). According to Chatterjee et al. (2021), the selection of resistant genotypes is among the main defense mechanisms that limit the use of chemical pesticides. Their findings indicate that early duration variety viz. Narendra 97 and IR 50 as well as mid-early duration variety i.e. IR 64 and IET 17904 are especially useful as multiple-pest resistant donors that can sustain damage levels

that are much lower than the original Economic Threshold Levels (ETL) even with a high pest pressure (Chandramani et al., 2010).
Biological and Bio-rational control

Application of inundative releases of Trichogramma wasps is also a potential non-chemical approach to the management of the yellow stem borer (Scirpophaga incertulas), the most important pest in rain-fed lowland and flood-prone rice ecosystems. A study by Tang et al. (2017) compared the performance of two species, Trichogramma japonicum and T. chilonis, and the results showed that both species could both successfully parasitize YSB egg masses in the laboratory, but their performance in the field was significantly lower2222. Field trials found only 9\%- 7.7% egg mass parasitism in T. japonicum and 15%-14.1% in T. chilonis, and no significant difference between release densities was found of 50,000, 100,000 and 200,000 wasps/ha3. The biorational management of the yellow stem borer is aimed at the use of selective insecticides and biological derivatives that would cause minimal disruption of the ecology and be highly effective. Chatterjee and Mondal (2014) found the bacterial derived insecticide Spinosad 45% SC to be the most effective biorational treatment with a high reduction of 80.27 percent in dead hearts, and 67.10 percent in white ears over untreated controls. The experiment showed that two treatments of Spinosad that began 31 days following transplantation increased the yield by a significant margin of 69.96. Botanical extracts like Azadiractin is also efficient, many where less potent than Spinosad. In addition, entomopathogenic fungi like Metarhizium anisopliae and Beauveria bassiana were moderately effective with M. anisopliae being the more effective microbial agent. These results imply that the use of Spinosad and botanical formulations in the management of the YSB in rice can effectively control the population of this pest without the need to increase the environmental hazards of the common synthetic neurotoxins.
Chemical Controls

The use of chemicals as a control measure against yellow stem borer (Scirpophaga incertulas) is also a critical aspect of managing the pests when they are in excess of the economic threshold levels. The review by Roy et al. (2022) states that the larvae is effectively suppressed with the use of multiple insecticide groups, such as organophosphates, carbamates, and the newer chemistry molecules. The conventional agents like Carbofuran 3G (used at 25 kg/ha) and Cartap hydrochloride 4G (used at 25 kg/ha) are commonly used due to its systemic effect on the internal feeding larvae. Moreover, recent molecules such as Fipronil 5% SC (1000150

ml/ha) and Chlorantraniliprole 18.5% SC (150 ml/ha) have been found to have great efficacy with comparatively reduced doses (Rahamam et al., 2019). Phosphamidon 40% SL and Quinalphos 25% EC are other recommended chemicals that are used to reduce cases of dead hearts in the vegetative stage and white ears in the reproductive stage. The next-generation insecticides provide very effective and more ecologically compatible solutions to the management of the yellow stem borer (YSB), Scirpophaga incertulas, than the traditional chemical treatments. Rahaman and Stout (2019) discuss the anthranilic diamide chlorantraniliprole 0.4% G (which is used at the rate of 10.96 kg/hm 2) as the best molecule, as it has the highest reduction of the symptoms of deadheart and whitehead and the greatest increase in the grain yield. The insecticide is especially mentioned to have a good safety profile to natural enemies, with it being the least detrimental to generalist predators and egg parasitoids such as Trichogramma sp. and Telenomus sp.
Pheromone and Manipulation of Behavior

Mating disruption as a behavioral control method has been very effective and is a non-chemical way of controlling the yellow stem borer (Scirpophaga incertulas) in rice ecosystems. Using slow-release pheromone preparations, scientists have shown that male moth communication can be impaired to the point where traps catches are decreased by up to 98 percent relative to insecticide-treated sites. It is important to note that research has shown that even the unnatural pheromone mixtures or those that target other related species like Chilo suppressalis can be useful in inhibiting S. incertulas damage, which implies some degree of elasticity in the control of pheromones. These pheromone treatments can be used in the early stages of crop development (as early as 9 days after transplanting) to offer season-long protection, which is very beneficial since white head and yield increases 5-12% when compared to the practice of traditional insecticides (Cork et al., 1996). Specialized Pheromone and Lure Application Technology (SPLAT) as a formidable substitute of conventional insecticides. Recent studies show that wax-based SPLAT-YSB lures are better than powder-based or talc-based ones because they present a season-long duration of existence and may be deployed with minimal oversight of the field. Namely, application of 10 g per hectare at 1000 locations has been found as the best dosage to saturate the field environment, which effectively interferes with male mating behavior and dramatically decreases the number of cases of dead heart and white ear damage. In contrast to short-term talc preparations, the slow-release character of the wax-based pheromones provides a steady protection throughout the harvest period, providing a sustainable

and labor-saving approach to integrated pest management in rice ecosystems (Badari Prasad et al., 2023).
Integrated Management Recommendations (Field Focus)

For the efficient control of yellow stem borer (scirpophaga incertulas), an integrated pest management strategy should be adapted. This involves compatible incorporation of cultural, mechanical, biological and chemical approaches in managing the pest. Prevention measures include seed treatment, seedling root dips with carbendazim 12% + mancozeb 63% WP. Carbofuran granules are to be applied in nursery at 160g / cent at 20 days after sowing (DAS), 15 days afterwards at transplanting (DAT), followed by a main field application at 25kg/ha. Adaptations of the culture such as skip-row transplantation; skipping two rows between every ten increase the penetration of light and ventilation and the environment is less favourable to the growth of the pests. Physical and mechanical measures are necessary namely, collection and destruction of egg masses, installation of pheromone traps at a density of 10 to 20 traps per hectare to track and mass-trap the male adults (Ghosal, et al. 2017). The biological control is also aided by constructing bird perches and special structures that promote the growth of spider population. The economic threshold levels (ETL) must form the basis of chemical interventions with early applications of chlorantraniliprole 0.4% GR at 1530 DAT or cartap hydrochloride at 2g/l at the panicle initiation stage (c. 45 DAT). It has been shown that these holistic models can reduce the occurrence of dead heart to as little as 2.50% and the number of hibernating larvae per stubble to 1.10, and that these models will reduce the incidence of the white ears by
64.74 on average than the traditional practices. This results in increased mean grain yields (as high as 7750 kg/ha) and increased benefit cost ratios (Ramulamma, A., et al. 2022).
Conclusion and Future Directions

Scirpophaga incertulas Walker is one of the most resistant and potent pest of rice. The pest has proved to be an issue because of the type of damage it causes caused by consuming the rice plant tissues internally. The stem borer contains host plants. It has lifecycle in sync with rice. This has made it an issue since it targets rice plants at their different stages of life and this has made sure that regardless of the many measures that have been established over the years to attempt to contain the pest, they have not been successful. In this regard, the present paper will seek to gather the different available information concerning the pest. It seeks to highlight the ineffectiveness of management using one approach. According to the facts reinforced in this paper, it is clear that the management of the pest would need a mix of approaches. The cultural

practices that hamper the formation of the pest, the application of rice varieties that is resistant/conduction of research on pest-resistant varieties of rice through the research and development of tolerant varieties using genetic manipulation strategies. An important part of this aspect is the conservation of the own predators of the pest especially the egg-laying wasps. Behavioral control mechanisms by relying on pheromone-based mechanisms; by mechanisms that focus on mating behavior of the pest have been effective. These methods can make sure that prevention is done before the pest breeds. The strategies are viable because they do away with the excessive use of general-purpose insecticides. The selective application of insecticides depending on a particular amount has been found to be effective in the control of the pest without causing additional harm to non-target organisms. The future strategies in managing the pest should entail the deliberations of the requirements of rice production under a fluctuating climatic condition by applying the integrated pest management strategies. The information levels of the scientific community in the various fields of genetic modifications are promising to improve due to the emergence of advances in the field of molecular biology/genomics.
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