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A Conceptual Study on Quantum Simulation - based Optimization
System for Soil - Microbe Interaction
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Abstract

This paper proposes a quantum simulation - based optimization architecture to quantitatively model the nonlinear
complexity of soil - microbe - nutrient interactions. Soil, environmental, and microbial data are encoded into quantum
state space, and the Quantum Approximate Optimization Algorithm (QAOA) is applied to solve the energy minimization
problem in a variational manner. Microbial network interactions are formulated using the Ising Hamiltonian, which
parameterizes the interdependence between soil environmental variables and microbial dynamics. The proposed framework
integrates with a digital twin farm platform, enabling real-time feedback coupling between quantum simulation results
and virtual farm conditions. According to predictive simulations, fertilizer usage decreases by 15 -25%, while microbial
diversity improves by 10 -20% under optimized conditions. This model provides a technical foundation for a Quantum
- Digital Twin hybrid precision agriculture system with potential scalability to real-world applications.
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