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ABSTRACT

Hilly regions worldwide are highly susceptible to geotechnical hazards such as landslides and
soil erosion, particularly in weathered soils with weak or deteriorating strength. Addressing
these challenges requires sustainable soil stabilization techniques that minimize environmental
impact. Bio-cementation, particularly from microbial-induced calcite precipitation (MICP),
has emerged as a promising alternative to conventional chemical soil stabilization methods.
This technique harnesses urease-producing microorganisms to hydrolyze urea, generating
carbonate ions that react with calcium to form calcium carbonate (CaCOs) crystals. These
precipitates enhance soil cohesion and structural integrity. However, the success of MICP
depends on multiple factors, including bacterial strain selection, urease activity, chemical
concentrations, and treatment methodologies. A deeper understanding of these parameters is

essential for optimizing MICP effectiveness, particularly in erosion-prone hilly terrains.

This study focused on isolating and characterizing urease-producing bacterial strains from an
erosion-prone region in India, where weak soil slopes frequently contribute to instability. The
selected bacterial strains were assessed for urease activity, calcium carbonate precipitation
potential, and genetic identity and were compared with the well-established ureolytic bacterium
Sporosarcina pasteurii as a reference. The isolated bacterial strains exhibited superior urease
activity and calcium carbonate precipitation capacity while maintaining an optimal alkaline
environment crucial for effective MICP. These potent strains outperformed S. pasteurii,

demonstrating their potential for site-specific bio-cementation applications.

To evaluate the efficacy of MICP for soil improvement, bio-cementation treatments were
conducted in split-set molds, considering various treatment strategies such as treatment
constituents and their sequence of addition, chemical substrate concentration, dosage intervals,
solution volume, and treatment cycles. The effectiveness of the bio-cementation process was
evaluated through unconfined compressive strength tests, pH monitoring, dry density
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measurements, calcium carbonate quantification, and microstructural analysis. The results
confirmed the successful formation of calcite crystals, which effectively bonded soil particles,
leading to significant strength enhancement. The study demonstrated that the optimized
treatment strategies had a direct impact on achieving the desired soil cementation and

mechanical performance through a surface percolation method.

The endurance of bio-cemented soil was further assessed under multiple rainfall-drying cycles
with varying raindrop kinetic energies and slope angles using a custom-built rainfall simulator.
Untreated soil exhibited significant erosion under increasing slope gradients and rainfall
energy, following a power law trend. In contrast, MICP-treated soil demonstrated remarkable
resistance to erosion, maintaining structural stability even under extreme conditions. Bio-
cementation effectively extended the time-to-ponding and reduced permeability, reinforcing
soil strength and resilience. While surface resistance declined with prolonged exposure to
intense rainfall, treatment with isolated bacterial strain consistently outperformed untreated and
control and S. pasteurii-treated soils, showcasing improved erosion control and reduced

structural degradation.

To bridge the gap between small-scale studies and real-world applications, an upscaled bio-
cemented soil slope treated with isolated bacterial strains was evaluated under simulated
rainfall conditions. This large-scale assessment provided more reliable insights into the erosion
and hydrologic response of MICP-treated slopes, minimizing boundary condition effects that
are often overlooked in smaller experimental setups. The impact of different MICP treatment
durations on soil performance was also investigated, revealing that prolonged treatment
resulted in enhanced surface erosion resistance. Comparative analysis of soil retention
capacities and runoft characteristics between untreated and MICP-treated slopes confirmed that
bio-cemented soils retained higher moisture content and experienced minimal erosion. These
findings were further supported through microstructural and mineralogical investigations,
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reinforcing the role of CaCOs precipitation in improving soil stability. Overall, this study
establishes MICP as an effective and environmentally sustainable solution for mitigating
rainfall-induced soil erosion in hilly regions. The superior performance of isolated bacterial
strains highlights their potential for site-specific, offering an eco-friendly approach to
enhancing geotechnical resilience. By integrating small-scale and upscaled experimental
findings, this research provides critical insights into the practical application of bio-
cementation for geotechnical resilience. These advancements pave the way for improved
erosion control strategies and the development of sustainable infrastructure in vulnerable

terrains.
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