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he management of agricultural pest populations represents a critical challenge in 

sustainable crop production, particularly for challenging species like the tomato fruit 

borer (Helicoverpa armigera). This research presents an innovative mathematical modeling 

approach to understand the complex dynamics between H. armigera and its egg parasitoid 

Trichogramma chilonis, offering a sophisticated framework for biological pest control 

strategies. The research contributes a robust analytical framework that bridges theoretical 

modeling and practical pest management, emphasizing the potential of mathematical 

modeling in developing sustainable agricultural interventions. 

Introduction 
Integrated Pest Management (IPM) continues to be a critical approach in agricultural 

sustainability, with mathematical modeling emerging as a powerful tool for understanding 

complex ecological interactions. The tomato fruit borer (Helicoverpa armigera) represents a 

significant agricultural pest challenging crop production worldwide, particularly in tropical 

and subtropical regions. This research addresses the intricate dynamics between H. armigera 

and its egg parasitoid Trichogramma chilonis through an innovative mathematical modeling 

approach. 

 Pest management strategies have traditionally relied on chemical interventions, which 

often result in environmental degradation and resistance development. Biological control 

methods, particularly those involving parasitoids, offer a more sustainable alternative. 

However, understanding the precise interactions between host and parasitoid populations 

requires sophisticated analytical techniques that can capture the nuanced population dynamics 

across different life stages. 

Methodological Framework 
The developed mathematical model represents a sophisticated stage-structured approach to 

host-parasitoid interactions. By incorporating three primary state variables—egg density, 

parasitized egg density, and larval density—the model provides a comprehensive 

representation of population dynamics. The differential equations governing the system 

integrate multiple biological processes, including logistic population growth, parasitism rates, 

natural mortality, and stage transitions. 

 The model's unique feature lies in its impulsive control conditions, which simulate 

periodic parasitoid releases—a critical strategy in biological pest management. This approach 

allows researchers to simulate and optimize intervention strategies by manipulating release 

quantities and intervals. The mathematical formulation considers key biological parameters 

such as net reproduction rates, environmental carrying capacity, and stage-specific mortality 

rates. 
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 Parameter identification was meticulously conducted using secondary data from peer-

reviewed research, acknowledging the challenges of conducting extensive field experiments. 

The selected parameters represent average conditions under standardized environmental 

parameters, specifically a temperature range of 25±2°C and relative humidity of 65±5%. 

Stability Analysis 
The stability analysis revealed three distinct equilibrium points that provide insights into the 

system's dynamic behavior: 

1. Trivial Equilibrium (E0): Representing a scenario of population extinction with all 

variables at zero. 

2. Host-Only Equilibrium (E1): Depicting a state where the pest population exists without 

significant parasitoid intervention. 

3. Co-Existence Equilibrium (E2): Illustrating a balanced state of both host and parasitoid 

populations. 

Simulation of System Dynamics 

 

Eigenvalue analysis of the Jacobian matrix demonstrated fascinating system dynamics. While 

the trivial and host-only equilibrium points were found to be unstable, the co-existence 

equilibrium exhibited remarkable stability. This suggests that carefully managed parasitoid 

releases can create a balanced ecological interaction that potentially controls pest populations 

without complete eradication. 

 The model's visualization through three-dimensional phase space and time series 

graphs provided additional insights into population trajectories and system behavior. 

Conclusion 
Mathematical modeling represents a powerful approach to understanding ecological 

interactions, particularly in pest management contexts. The mathematical model offers a 

robust framework for understanding host-parasitoid dynamics. The model underscores the 

importance of regular monitoring and the stability of the system is strongly influenced by 

natural mortality rates, emphasizing the importance of precise parameter adjustments. 
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