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Abstract: 
Mating disruption is a novel, eco-friendly method of controlling insect pests that uses artificial or synthetic sex pheromones to interrupt mating behaviour of target species. By reducing problems like pest resurgence, resistance development, and hazardous residues, this method presents a viable substitute for traditional pesticides. However, its efficacy may be constrained by elements including labor needs, high implementation costs, and environmental sensitivity. Semiochemicals are naturally occurring, species-specific compounds that mediate communication both within and between insect species and their environment. In pest management, these chemical signals are primarily used to influence the behaviour of target pests, with the added benefit of posing minimal risk for the development of resistance. Among various semiochemical-based strategies, the use of sex pheromones has gained attention, particularly through the application of Specialized Pheromone and Lure Application Technology (SPLAT). This innovative method is designed to reduce pest populations by interfering with mating, attracting and eliminating insects, or repelling them altogether. SPLAT is a wax-based formulation that enables the slow and consistent release of pheromones, maintaining efficacy for periods ranging from two weeks to six months, depending on environmental conditions. This prolonged release makes it a valuable tool in sustainable pest control programmes. As a matrix-type or monolithic formulation, it gradually emits pheromones or other bioactive compounds, making it suitable for various pest control strategies. For instance, SPLAT-PBW at 1250 g per acre significantly lowered male moth catches and boll damage in Bt cotton, while SPLAT-BSFB, applied at 500 g per acre, effectively minimized shoot and fruit damage in brinjal. In mango orchards, SPLAT-MAT spinosad ME offered season-long fruit fly control without the need for lure replacement, proving both efficient and cost-effective. SPLAT-Verb successfully protected trees from mountain pine beetle within an 11-meter radius, and SPLAT-YSB showed promising results in controlling yellow stem borer in rice. These targeted applications demonstrate SPLAT's versatility and value in integrated pest management (IPM), offering a sustainable alternative to conventional chemical control methods while effectively managing key agricultural pests. SPLAT stands out for being non-toxic, safe for humans, animals, and the environment, while supporting the goals of sustainable agriculture. Its field performance has been widely validated across diverse crops and pests.
Introduction
The current trend in pest management is increasingly moving away from heavy reliance on chemical pesticides, favouring more sustainable approaches that promote ecological intensification and minimise human intervention, particularly in terms of synthetic chemical inputs (4,7). In line with the shift towards sustainable pest management, behavioural manipulation has emerged as a promising strategy to reduce dependence on chemical pesticides (17, 18). This approach targets the sensory and communication systems of insect pests, using both natural and synthetic signals to interfere with behaviours critical to their survival and reproduction, such as mating, feeding, and host location (6). Tools like pheromones, kairomones, acoustic signals, and substrate vibrations are commonly employed to achieve these effects (5,1). Behavioural manipulation not only supports ecological goals but also exemplifies a multidisciplinary strategy, integrating advances in biology, ecology, chemistry, mechanics, and computer science to develop more precise, species-specific pest control solutions.
Despite the proven efficacy of semiochemical-based pest control methods, their widespread adoption remains limited, primarily due to the high cost associated with their use. While the synthesis of these compounds can be expensive, a significant portion of the cost arises from the need for effective and often labour-intensive field deployment systems (8). Because many of these compounds, such as synthetic pheromones, are volatile, they require precisely engineered delivery mechanisms to ensure a consistent and long-lasting release. To address this challenge, ISCA Technologies Inc., USA, acquired and further developed the Specialized Pheromone and Lure Application Technology (SPLAT) in 2004. In partnership with researchers from academia, government, and industry, ISCA introduced a range of SPLAT-based formulations for pest control. These formulations available as dollops, pastes, or emulsions are designed to release semio chemicals at an optimal rate over extended periods while shielding the active ingredients from environmental degradation (19). SPLAT products have since been commercialized for use in both domestic and international agricultural settings, offering a more efficient and targeted approach to semio chemical delivery (10). SPLAT is a patented wax-based matrix composed of biologically inert materials designed to regulate the controlled release of semiochemicals and odours, with or without the inclusion of pesticides (10). Unlike natural female insects, SPLAT dollops can continuously emit large quantities of synthetic pheromones over extended periods (20). This sustained release interferes with the mating behaviour of pests, effectively preventing reproduction and contributing to long-term population suppression. Such innovations have significantly advanced pest control strategies by promoting environmentally conscious agricultural practices and conserving beneficial organisms. As a versatile tool within Integrated Pest Management (IPM), SPLAT has proven effective against numerous economically important pests across multiple insect orders, including Lepidoptera, Coleoptera, and Diptera. Its ability to work with a wide range of labile or volatile compounds, along with its capacity to automate and simplify field application, positions SPLAT as a transformative solution in modern crop protection.[10]
Mating Disruption
Mating disruption is a targeted pest management strategy that controls specific insect pests by introducing synthetic signals to interfere with mate-finding behaviour, thereby disrupting their reproductive cycle. The technique relies on the use of synthetic sex pheromones, which mimic the natural chemical cues emitted by females to attract males. When these synthetic pheromones are released in high concentrations into the environment, they overwhelm or mask the natural signals, creating confusion among males and preventing them from locating potential mates. As a result, mating success is significantly reduced, ultimately leading to a gradual decline in pest populations. Mating disruption has proven to be a valuable component of Integrated Pest Management (IPM), offering an effective, environmentally sound method for reducing pest populations. Its primary advantage lies in its ability to reduce reliance on broad-spectrum insecticides, thereby conserving beneficial insects and natural enemies within the ecosystem. By interfering with the mating process of specific pest species typically targeting males it significantly lowers the chances of reproduction, contributing to long-term population suppression. This selectivity ensures minimal impact on non-target organisms, making it a more ecologically balanced option. Moreover, because mating disruption does not exert lethal pressure, the risk of resistance development is considerably lower compared to conventional insecticides. The technique is particularly effective when deployed over large areas, where it can alter the mating environment and enhance the impact of natural enemies. When combined with biological control agents, mating disruption can further strengthen pest suppression by fostering favourable conditions for bioagents to establish and thrive. As part of a broader IPM framework, mating disruption complements cultural practices, monitoring tools, and targeted insecticide applications, making it a powerful strategy for sustainable and resilient pest management.[5,6,7,10]
Mating disruption operates through several distinct mechanisms that interfere with the ability of male insects to locate females. One key mechanism is pheromone masking, where synthetic pheromones released into the environment camouflage or obscure the natural pheromone plumes emitted by females, making it difficult for males to detect their signals. Another common mechanism is false trail following, which occurs when numerous pheromone dispensers are distributed throughout the field. Males attempting to follow pheromone trails are led astray by artificial plumes, often arriving at dispensers rather than actual mates. Sensory imbalance is another disruption strategy, where the use of incomplete or altered pheromone blends confuses the male's olfactory system, impairing its ability to recognize or respond to the correct pheromone cues. Additionally, desensitization can occur with prolonged exposure to high concentrations of synthetic pheromones. In such cases, male insects may become unresponsive due to sensory adaptation of the antennal sensilla or cognitive overload in the brain's processing centres, ultimately reducing their responsiveness to natural female signals. These combined mechanisms reduce successful mating events, leading to a gradual decline in pest populations when applied effectively across pest-infested areas.[10]
MECHANISM OF SPLAT 
SPLAT is a proprietary controlled-release formulation composed of biologically inert materials designed to regulate the emission of semiochemicals and/or odorous compounds, with or without the inclusion of pesticides. The formulation consists of two main components: an aqueous phase and a non-aqueous phase. The aqueous component gives the product its initial fluidity, facilitating application to various surfaces. Once applied, this water-based portion evaporates within approximately three hours, leaving behind the non-aqueous matrix, which serves as the core controlled-release mechanism. This matrix contains the active ingredients such as pheromones or pesticides alongside stabilising additives that both protect the compounds from degradation and modulate their release rates. After evaporation of the water phase, the remaining wax-like matrix adheres firmly to the treated surface, gradually releasing the active compounds over time. The duration of release varies depending on the specific SPLAT formulation, method of application, and environmental conditions such as temperature, sunlight, and humidity. Typically, SPLAT products are engineered to provide sustained release for periods ranging from two weeks up to six months, offering long-lasting protection and minimising the need for frequent reapplications [10]
· Controlled Release System: SPLAT is a uniquely formulated delivery system designed to dispense a variety of active compounds including semiochemicals, pesticides, and phagostimulants while protecting them from environmental degradation.
· Matrix-Based Formulation: The active ingredients are embedded within a biologically inert carrier matrix, allowing for gradual and sustained release over time.
· Diffusion-Controlled Mechanism: The release of active substances from SPLAT is primarily governed by diffusion. Once dissolved within the matrix, the movement of these compounds follows Fick’s First Law of Diffusion, ensuring a predictable and steady release rate.
· Evaporation Phase: After application in the field, the water-based component of the SPLAT emulsion evaporates, typically within a few hours, leaving behind the solid matrix adhered to the substrate.
· Sustained Release: The remaining matrix continuously emits the active ingredients at a consistent rate, with longevity dependent on formulation specifics, application method, and environmental conditions (e.g., temperature, humidity, sunlight).
· Effective Duration: SPLAT products are typically designed to release active compounds over a period ranging from two weeks to six months, providing long-lasting pest control with minimal reapplication (10).
Application and Available Formulations of SPLAT
SPLAT formulations are highly versatile and can be applied using a range of manual or mechanical devices, depending on the scale and objective of the pest management programme. At the most basic level, SPLAT can be applied manually using simple tools such as sticks, spatulas, or knives. For more precise or large-scale applications, tools like syringes, grease guns, or caulking guns are commonly employed. This flexibility allows SPLAT to be deployed effectively across a variety of cropping systems and landscapes. SPLAT has been formulated to deliver a wide spectrum of active compounds, including sex pheromones, kairomones, attractants, repellents, phagostimulants, and insecticides. Based on these functionalities, SPLAT products are available in several categories tailored to specific pest management strategies:
· Mating Disruption: Releases sex pheromones to interfere with the reproductive behaviour of insect pests.
· Attract-and-Kill: Combines attractants with toxicants to lure and eliminate target pests.
· Repellent Formulations: Designed to deter pests from entering treated areas or laying eggs.
SPLAT formulations are designed for flexible application across a range of agricultural settings, allowing for both small-scale and large-scale deployment. Basic manual application can be carried out using simple tools such as sticks, spatulas, or knives, which are ideal for small plots or targeted treatments. For more efficient and precise application, especially in larger areas, advanced manual tools such as syringes, grease guns, and caulking guns are commonly used. In large-scale or commercial operations, mechanical applicators are employed to improve coverage and efficiency. These include motorized vehicles such as tractors, all-terrain vehicles (ATVs), and even motorcycles. Additionally, SPLAT has been successfully applied via aerial methods using aircraft or drones, particularly in expansive or difficult-to-access areas, allowing for rapid and uniform distribution over wide agricultural landscapes (10).
Advantages of SPLAT 
SPLAT (Specialized Pheromone and Lure Application Technology) offers several notable advantages over traditional pheromone dispensers, making it a highly effective tool in integrated pest management (IPM). One of the key strengths of SPLAT lies in its versatile application methods. The formulation is compatible with a wide range of viscosities, allowing it to be applied using basic tools such as spatulas or caulking guns for small-scale operations, as well as advanced mechanical applicators and even aerial spray systems for large-scale deployments. This adaptability not only boosts efficiency but also allows growers to choose application methods based on operational size, terrain, and pest pressure.Another major advantage is the formulation’s amorphous and flowable consistency, which enables seamless transition from manual to mechanised application. SPLAT also allows flexibility in pest control strategy while the active ingredient remains constant, the distribution pattern and application density can be modified according to the severity of infestation. Once applied and cured, it adheres well to plant surfaces and resists wash-off during rainfall. Moreover, SPLAT provides long-term protection, capable of releasing active ingredients steadily over periods ranging from two weeks to six months, reducing the need for frequent reapplication.In addition to these physical and functional benefits, SPLAT’s formulation can be combined with other attractants such as kairomones, feeding stimulants, or phagostimulants to enhance its efficacy [2,9]. These combinations make it suitable not only for mating disruption but also for attract-and-kill or repellent-based strategies. Overall, SPLAT represents a more flexible, durable, and environmentally sound approach compared to conventional pheromone dispensers, supporting the goals of sustainable and adaptive pest management. SPLAT offers numerous advantages that make it a superior choice for pest management compared to traditional methods. One of the key benefits is that it eliminates the need for traps, simplifying the process of pest control. Additionally, it does not affect non-target species, making it a more environmentally friendly option. SPLAT’s field activity duration is longer than other available techniques, providing extended pest control without frequent reapplication. Unlike conventional methods, there is no requirement to handle toxicants or other components for storage or mixing, which enhances safety and ease of use. Moreover, SPLAT offers versatile application methods, suitable for both small-scale and large-scale operations, allowing it to adapt to different pest pressures and operational needs. It also protects attractants and toxicants from environmental degradation caused by rain or UV light exposure. This formulation is biologically inert, non-toxic, and safe for humans, pets, and the environment, with certification from the US EPA. Another significant advantage is the low risk of resistance development, ensuring long-term efficacy. SPLAT’s flexible application options enable optimization of active ingredient distribution and field coverage, making it an ideal tool for integrated pest management strategies (2,9,1011)
SPLAT in Insect Pest Management
SPLAT has emerged as a versatile tool in the control of insect pests, particularly through mating disruption, where synthetic sex pheromones are introduced into the environment to confuse male insects and prevent successful mating. This approach reduces pest fecundity and subsequent population levels. SPLAT-based products like SPLAT-PBW and SPLAT-BSFB have demonstrated high efficacy in crops such as Bt cotton and brinjal. Field studies in Karnataka and Gujarat reported significantly lower male moth catches, reduced crop damage, and increased yields in treated plots compared to traditional farmer practices. For instance, SPLAT-BSFB applied at 500 g per acre effectively reduced shoot and fruit damage in brinjal, while SPLAT-PBW at 1250 g per acre minimized pink bollworm infestation and increased cotton yield. Similarly, SPLAT-YSB was found effective in controlling yellow stem borer in rice at a rate of 10 g per hectare, distributed across 1000 points. SPLAT-Tuta has also shown promise in managing Tuta absoluta, significantly reducing both leaf and fruit damage. (3,13,14,15)
In attract-and-kill strategies, SPLAT is formulated with a combination of attractants and insecticides to lure pests and eliminate them on contact or ingestion. One such formulation, SPLAT-MAT spinosad ME, has been successful in managing fruit fly populations in crops like mango and guava. In field trials, this formulation showed extended efficacy throughout the fruiting season without the need to replace lures, outperforming conventional trapping methods. In guava orchards in Hawaii, and mango orchards in Karnataka, the use of SPLAT-MAT proved not only effective in reducing pest numbers but also cost-efficient, requiring only two traps per acre for season-long control. (15,16).
SPLAT is also well-suited for repellent-based pest management, especially in forestry and perennial crops. Volatile repellents such as verbenone can be dispensed through the SPLAT matrix to deter pests like the mountain pine beetle (Dendroctonus ponderosae). Research in the U.S.A. showed that trees treated with SPLAT-Verb within an 11-meter radius remained protected from mass beetle attacks. Additionally, in avocado orchards, SPLAT was integrated into a push-pull strategy for managing ambrosia beetles important vectors of laurel wilt disease. Verbenone acted as the “push” at the tree base, while ethanol-baited traps served as the “pull,” effectively reducing beetle populations and improving species-specific targeting. These examples highlight SPLAT’s adaptability in delivering multiple pest control strategies with high precision and environmental compatibility. [10,11,12]
CONCLUSION
SPLAT® has emerged as a versatile and innovative solution in the field of semiochemical-based pest management. Its unique matrix formulation allows the controlled release of a broad spectrum of active compounds including pheromones, attractants, repellents, and insecticides across diverse application methods, from simple manual tools to advanced mechanical and aerial systems. This adaptability makes SPLAT suitable for a wide range of pest control programs, regardless of crop type, pest species, or farm scale. Both locally and internationally, SPLAT has been successfully employed in formulations for mating disruption, attract and kill, and repellency, targeting several economically significant pests in agricultural and forestry ecosystems. As the demand for non-chemical and environmentally sustainable pest control methods continues to grow, SPLAT offers a promising alternative that aligns with integrated pest management (IPM) principles. Its non-toxic, biodegradable, and resistance-limiting nature contributes to reducing chemical pesticide dependency, lowering production costs, and enhancing environmental health. Moving forward, the broader adoption of SPLAT, supported by continued field validation, cost-reduction strategies, and integration with biological control agents, could significantly enhance the sustainability and profitability of pest management practices for the global farming community. 
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