
APPLICATION OF MICROBIALLY INDUCED CALCITE 

PRECIPITATION TO IMPROVE POORLY GRADED 

SANDY SOIL 

Radha Palpi Boruah*, Berlin Mohanadhas and Kamalanathan Jayakesh 

Received: June 11, 2024; Revised: September 05, 2024; Accepted: September 30, 2024 

Abstract 

The challenges associated with improving or strengthening poor soil consistently necessitated 

investigation to establish a novel, environmentally acceptable, and sustainable soil improvement 

method. The MICP (microbially induced carbonate precipitation) approach is one method in which 

microorganism metabolic pathways are used to create calcite precipitation inside the soil matrix, 

improving soil engineering qualities. This study aims to examine the efficiency of the MICP approach 

in improving the California Bearing Ratio value and reduction in permeability of poorly graded sand. 

Aerobic bacteria, namely Bacillus Subtilis, was used in this investigation for ureolysis and calcite 

precipitation. Three distinct concentrations of urea-calcium chloride solution (50, 300, and 600 

mmol/L) treatment conditions were explored in the experimental program, and the California 

Bearing Ratio (CBR) value and permeability of the soil was determined for the targeted soil. This 

investigation indicated that the MICP has caused a significant quantity of calcite precipitation, 

resulting in a substantial improvement in the strength and a reduced permeability of the poorly 

graded sandy soil. Scanning electron microscopy (SEM) examination testing of the produced CaCO3 

crystals indicated that the CaCO3 predominantly created connections from point to point between 

the particles of sand throughout the process of precipitation. 
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Introduction 

Soil is a living ecosystem that is characterized by 

biogeochemical activities such as mineral 

precipitation, gas production, biofilm development, 

and biopolymer creation. Microbially induced 

calcite precipitation (MICP) is a bio-geochemical 

process that causes calcium carbonate (or calcite)  

precipitation in the soil matrix as a result of  

 
 
 
 

microbial metabolic activity. It has recently 

received a lot of attention from geotechnical 

engineering researchers all around the world. The 

MICP occurs naturally and is produced by non-

pathogenic organisms found in the soil environment 

(Whiffin et al., 2007; Cheng et al., 2014; Mujah  
et al., 2017; Ersan et al., 2018). 
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The hydrolysis of urea is a relatively advanced 

process to causes calcite precipitation, and it is the 

most often described in the literature due to its 

simplicity (Okwadha and Li, 2010; Mujah et al., 

2017). The formation of calcium carbonate is  
a result of bacterial metabolic processes that lead to 

an increase in the pH of the surrounding 

environment. The increase in pH in the local 

environment can be attained by the enzymatic 

hydrolysis of urea, which leads to the generation of 

ammonia (Mujah et al., 2017). This process is 

commonly referred to as urease activity. Bacillus 

pasteurii utilizes urea as a source of energy and 

generates ammonia, resulting in an increase in pH in 

the nearby surroundings. This rise in pH leads to the 

precipitation of calcium ions (Ca2+) and carbonate 

ions (CO3
2-) as calcium carbonate (CaCO3). The 

increase in pH within the immediate environment 

frequently leads to the microorganisms themselves 

acting as nucleation sites for the process of 

crystallization (Dejon et al., 2010; Okwadha and Li, 

2010; Maleki et al., 2016). The activity of the urea 

enzyme is maximized within a certain pH range, 

often ranging from 7 to 8.0, which is considered the 

ideal pH for enzyme activity. According to the 

literature, the optimal pH for the activity of the 

majority of microbial ureases is about 7 (Sidik  
et al., 2014; Mujah et al., 2017).  

In calcite precipitation, the overall equilibrium 

reaction is (Whiffin et al., 2007; Cheng et al., 2014; 

Mujah et al., 2017):  

 

Ca2++ CO3
2- ↔   CaCO3 ↓         (1) 

 

Microbiologically induced calcite 

precipitation occurs according to the reactions: 
 

Ca2++ HCO3
−+ OH−  →  CaCO3 ↓  + H2O  (2) 

 

Ca2++ 2HCO3
−+ ↔  CaCO3 ↓  + CO2 + H2O (3) 

 
Equation (2) occurs due to changes in pH 

caused by the metabolic activity of bacteria. The 

alkaline pH environment is established by the 

process of urea breakdown, as indicated by the 

following chemical reaction (Dejon et al., 2010). 
 

NH2- CO- NH2+ 3H2O →  2NH4
++ 2 O H−+ CO2  (4) 

 

In addition to the calcite precipitation process 

described above, calcium ions settle onto the 

surfaces of microorganisms with a negative cell 

surface charge. The equations governing the 

precipitation of calcite at the cell surface, which acts 

as the nucleation site, may be expressed as follows 

(Dejon et al., 2010; Dessy et al., 2011; Maleki et al., 

2016):  
 

Ca2++ Cell →  Cell - Ca2+  (5) 
 

Cell - Ca2++ CO3
2- → Cell - CaCO3 ↓ (6) 

 

The durability of soil is the resistance when 

exposed to declining conditions during its service 

life. The arrangement of particles and the 

interconnection of the precipitated calcite within the 

soil matrix play a role in determining the soil's 

mechanical properties and ability to withstand 

stresses (Andalib et al., 2014). The long-term 

viability of the microbial community responsible for 

calcite precipitation is crucial for maintaining the 

durability of MICP-treated soils. The susceptibility 

of calcite to undergo disintegration in acidic 

environments is a prominent challenge in terms of 

the long-term durability of soil treated with calcite. 

According to Cheng et al., (2014), the high bridging 

points and high soil permeability in MICP-treated 

soils are the reasons for their strong durability 

against freeze-thaw cycles. The current preference 

for the MICP procedure over alternative approaches 

is due in part to the dependability of the MICP 

treatment. This is attributed to the MICP treatment’s 

ability to mechanical and biological adjustments, 

which enables it to provide the best treatment 

possible for the type and state of the local soil. 

Additionally, the adoption of MICP treatment in soil 

improvement is flexible since the use of bacteria to 

regulate the treatment process is simple, which 

promotes the potential utilization of this method in 

the renovation of construction sites (Andalib et al., 

2014). The Bacillus strains can produce CaCO3 as  

a bio-product material as part of the MICP process 

to fill the pores and increase the durability of the soil 

(Whiffin et al., 2007; Maleki et al., 2016; Mujah  

et al., 2017). The pH is another important 

component that greatly affects MICP, with an 

alkaline surrounding known to promote the process. 

Studies on the impact of chemicals on the 

geotechnical characteristics of fine-grained soils 

have been studied recently as a result of the rising 

rate of soil contamination (Kim et al., 2018). Many 

studies have focused on the effects of acid rain on 

the mechanical properties of different soils 

(Bakhshipour et al., 2016). It is necessary to choose 

a microbe that can produce CO2 in tandem with an 

increase in the pH of the surrounding soil to an 

alkaline level that causes calcium carbonate to 

precipitate for microbially induced calcite 

precipitation (MICP) to be successful (Nemati et al., 

2005; Whiffin et al., 2007; Dessy et al., 2011; 

Maleki et al., 2016; Mujah et al., 2017). Because  
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they offer two sources of CO2, respiration by the cell 

and urea decomposition, aerobic bacteria that can 

utilize urea as a source of energy are particularly 

excellent choices. Such an aerobic bacteria is 

Bacillus subtilis, a common bacterium that naturally 

exists in the subsoil.  

The subgrade layer is the bottommost layer of 

pavement and is a compacted layer of soil with the 

requisite cross slope and gradients (Schaefer et al., 

2008). This compacted layer of earth, known as the 

subgrade, is an important aspect of road 

construction and must fulfil certain specifications to 

receive pavement layers. Sometimes, this layer may 

not be strong enough to support the weight passed 

through the layers of pavements. In this instance, 

subgrade reinforcement is required, which is 

accomplished by compaction, and the addition of 

admixtures. When soil lacks appropriate qualities 

such as dry density and California Bearing Ratio 

(CBR) value, it must be treated such that it meets 

subgrade criteria. Reduced CBR values result in 

reduced road load-bearing capability. As a result, 

the soil may be treated and improve the CBR value. 

The fundamental issue with most highway 

developments is a poor subgrade. There are many 

strategies for increasing the CBR value of subgrade 

for different types of soil (Schaefer et al., 2008; Soni 

and Varshney, 2021). 

Current studies on the MICP have 

concentrated on diverse aspects, including its 

underlying mechanics, practical applications, and 

improving for various engineering purposes. 

Extensive research has been conducted to 

investigate the process of MICP to improve the 

mechanical characteristics of soil, particularly by 

enhancing the Unconfined Compressive Strength 

(UCS) and bearing capacity (Tang et al., 2020). This 

characteristic makes it suitable for application in 

ground enhancement and foundation reinforcement 

applications. During the process of MICP, the 

formation of calcite precipitates can effectively 

reduce the mobility of heavy metals in soils, 

improve the binding of scattered sands, and 

facilitate the repair of fractures in concrete (Chang 

et al., 2024). Wilcox et al., (2024) employed the 

MICP mechanism as a bioremediation method for 

mining waste. Zhu et al., (2024) identified  

a relationship between the scale size and the initial 

dispersivity. In addition, it has enhanced the 

theoretical framework for multi-process reactions in 

MICP. As the scale size increases exponentially 

from 10-2 m to 105 m, the longitudinal dispersivity 

also increases proportionally from 10-3 m to 104 m. 

Also, the maximum amount of carbonate increases 

in direct proportion to the initial porosity, whereas 

the average amount of carbonate shows a significant 

increase with the rise in bacterial injection rate. 

Moreover, the use of fibers in concrete for civil 

engineering applications has received considerable 

attention in recent years. This is because it has the 

potential to improve the mechanical properties of 

concrete, specifically its tensile strength, durability, 

and resistance to cracking (Li et al., 2016; 

Srinivasan et al., 2024; Kumar et al., 2024; 

Parthasaarathi et al., 2024). In a study conducted by 

Siddique et al., (2016), the characteristics of 

concrete made from bacterial rice husk ash (RHA) 

were examined. The researchers discovered that 

incorporating bacteria into the mixture resulted in 

higher compressive strength, decreased water 

absorption, porosity, and permeability, and 

improved the long-lasting nature of the concrete. 

Previous studies have demonstrated that 

incorporating bacteria into soil has enhanced its 

mechanical properties. However, the number of 

research conducted in India using the MICP 

technique is limited. The soil of Jote, Arunachal 

Pradesh, is predominantly characterized by poor 

grading. This study aimed to examine the influence 

of MICP on the mechanical characteristics of  

a poorly graded sandy soil in Jote Village, located in 

the Papum Pare district of Arunachal Pradesh.  

Materials and methods 

Study area 

Arunachal Pradesh is recognized as an area 

with high precipitation levels within the 

northeastern part of India, with an average annual 

rainfall ranging from 3000 to 5000 mm (Anshu  

et al., 2022). It has been observed that the Papum 

Pare District exhibits a favourable precipitation 

pattern, characterized by an average annual rainfall 

of 3200 mm. Jote is a growing village in Arunachal 

Pradesh which is about 58 km from the capital city, 

Itanagar. It has a tropical climate characterized by 

substantial precipitation during the Southwest 

monsoon season (June-September) and the receding 

Northeast monsoon season (December-January) 

(Anshu et al., 2022). Roads constructed in such 

regions are susceptible to water damage because of 

the concentrated rainy duration and relatively high 

rainfall volume. Taking into account the local 

climate and environmental conditions, geotechnical 

reinforcement and engineering applications are 

required to enhance the strength of the soil.  

Field soil samples obtained from Jote were 

used in this study. The particle size distribution 

curve of the untreated soil is shown in Figure 1. The 

D10, D30, and D60 are 0.10, 0.23, and 1.02 mm, 

respectively. The coefficient of uniformity (Cu) is 

0.51 and the coefficient of gradation (Cc) is 10.2. 

The soil was found to be non-plastic and the 
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optimum moisture content was found to be 13.25%. 

It was classified as poorly graded sand based on the 

Unified soil classification system.  

Bacterial culture and cementation solution 

Since forming carbonate by hydrolysis of urea 

in the presence of the urease enzyme was the chosen 

reaction, the microorganism must be able to 

discharge the urease enzyme. A bacteria species 

called Bacillus subtilis (MTCC NO. 441), procured 

from Microbial Type Culture Collection and Gene 

Bank (MTCC) by CSIR-Institute of Microbial 

Technology, Chandigarh, was used in this study. 

The growth media for Bacillus subtilis is tabulated 

in Table 1. The bacteria culture was cultivated 

aerobically at 30°C as shown in Figure 2. The 

optical density at 600 nm (OD600) of the bacterial 

culture was between 2.0-2.5 which was determined 

using a spectrophotometer. Urea-calcium chloride 

of 1 M was used as the cementation solution to 

facilitate the CaCO3 production as depicted in 

Figure 3. 

 

 
 

 

 
 

 

 

Preparation of slurry for MICP 

The slurry was formed by mixing a specific 

amount of bacterial culture with a mixture of urea 

and calcium chloride cementation solution in equal 

moles. The aim was to achieve target concentrations 

of 50, 300, and 600 mmol/L. The mixture was then 

stirred at a speed of 600 rpm for approximately 24 

hours in a shaker incubator. The CaCO3 crystals 

were generated as a result of urea hydrolysis by the 

ureolytic bacteria, Bacillus subtilis, due to the 

presence of urea and calcium ions as depicted in 

Figure 4. 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 
Figure 1. Grain size distribution curve of the soil 

used 

Table 1. Growth media of Bacillus subtilis 
 

Growth media name Nutrient 

GR1 Beef Extract 1.0g 

GR1 Yeast Extract 2.0g 

GR3 Peptone 5.0g 

GR4 NaCl 5.0g 

GR5 Distilled water 1.0L 

 

 
 
Figure 2. Cultured bacteria broth solution of 

Bacillus subtilis 

 

 
 

Figure 3. Cementation solution (Urea-Calcium 

chloride) 
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California Bearing Ratio (CBR) test 

By removing air from the soil, soil 

densification increases its strength properties and 

decreases permeability and compressibility. For  

a given amount of energy, the amount of moisture in 

the soil influences its density. In the present study, 

standard compaction tests were conducted to 

determine the Optimum Moisture Content (OMC) 

and Maximum Dry Density (MDD) of the treated 

soil with different targeted concentrations of urea 

and CaCl2. With the OMCs obtained from different 

concentrations, the California Bearing Ratio (CBR) 

test samples were prepared to determine the strength 

and load-bearing capacity of the soil.  

 

Permeability test 

Permeability is the measure of a material’s 

ability to allow flow to pass through its pores.  

Permeability is an essential property of soil in 

projects where the movement of water through soil 

is a concern, such as seepage through or under a dam 

and drainage from subgrades or backfills. The 

falling-head method, as specified by ASTM D 2435, 

was employed in this study to investigate the impact 

of MICP on the permeability of poorly graded sandy 

soil. 

 

Scanning Electron Microscopy (SEM)  

The bio-cemented particles of soil are held 

together more firmly by the process of particle-to-

particle contact. Researchers may directly and 

closely examine the CaCO3 connections formed at 

the inter-particle soil grains using Scanning Electron 

Microscopy (SEM), which gives insight into the 

process by which bio-cemented soils improve 

(Maleki et al., 2016). This work focuses on the 

examination of the microstructural characteristics of 

the soil matrix by the utilization of scanning electron 

microscopy (SEM).  

 

 

 

Results and Discussion 

Effect of concentration of cementation solution 

on the optimum moisture content of the soil 

A standard proctor test has been carried out to 

determine the OMC of the treated and untreated soil 

samples. The OMC of the untreated soil was found 

to be 13.25% with a maximum dry density (MDD) 

of 1.75 g/cc. For the treated soil samples, the slurry 

was added at different percentages by weight of the 

water content. At 20% addition of slurry into the soil 

sample with 50 mmol/L of urea-calcium 

concentration, no change in the OMC is depicted in 

Table 2. Further, the percentage of slurry was 

increased to 50% and 70% and OMC was 

determined.  It was observed that with the increase 

in the percentage of slurry addition to the soil 

samples with 50 mmol/L, there was no impact on the 

OMC of the soil. At lower concentrations, the 

efficiency of bacterial activity in producing the 

necessary carbonate ions may be reduced, hence 

limiting the formation of calcite. In addition, 

decreased calcite formation may not sufficiently fill 

the voids between larger soil particles, requiring 

more water to lubricate the remaining pores and 

produce optimum compaction. 

For 300 and 600 mmol/L urea-calcium 

chloride concentration, the same procedures were 

repeated to determine the OMC by adding different 

percentages of slurry to the soil. It was observed that 

there was no such improvement in the OMC with 50 

and 300 mmol/L concentration of urea-CaCl2 as 

tabulated in Table 2. However, as the concentration 

increased to 600 mmol/L, a significant decrease in 

the OMC was observed. According to the results, a 

minimum OMC of 12% was achieved in the 

presence of 70% bio-slurry at 600 mmol/L 

concentration of urea- CaCl2. Figure 5. shows the 

relationship between the OMC and urea-calcium 

chloride concentrations. As the slurry with 

concentrations of cementation solution at 50 and 

300 mmol/L did not result in any increase in the 

optimum moisture content (OMC) of the soil, the 

OMC achieved with a concentration of 600 mmol/L 

at 70% slurry was chosen for further investigation. 

An optimization study was subsequently 

performed using various concentrations of urea-

CaCl2. The slurry was prepared by combining 

bacteria with a cementation solution containing 

urea-CaCl2. After the complete utilization of urea 

and calcium chloride, the mixture was left 

undisturbed for 6 hours to allow for settling. The 

settled crystals were then subjected to centrifugation  

 

 

 

 
 

Figure 4. Precipitated slurry 
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to separate the solid content, and the weight of the 

resulting crystals was measured. It was observed 

that at higher concentrations (800 mmol/L and 1000 

mmol/L), the production of calcite decreased. This 

decrease was attributed to the formation of a thick 

layer of crystals around bacterial cells, which 

hindered the diffusion of urea to the bacteria. 

Effect of MICP on California Bearing Ratio 

value of soil subgrade 

Before the treatment, the CBR test for the 

untreated soil was conducted. With the OMC 

obtained at 600 mmol/L of urea-calcium 

concentration at 70% addition of slurry by weight of 

water content, the California Bearing Ratio (CBR) 

test sample was prepared to determine the strength 

of the subgrade soil. The test was conducted for both 

conditions (soaked and unsoaked) and values were 

obtained. Figure 6 shows the variation of California  
 

bearing ratio (CBR) value with OMC obtained at 

600 mmol/L of urea-calcium concentration at 70% 

addition of slurry for treated and untreated soil. 

According to the findings of the CBR test as 

shown in Figure 6., a remarkable improvement in 

the CBR value was obtained. The soaked sample 

gave a promising result as compared to the unsoaked 

one. The results of the CBR test indicate a clear 

enhancement of the engineering performance of 

poorly graded subgrade soil by improving its 

strength from 4.1% to 11.4% and 5.9% to 7.5% in 

soaked and unsoaked conditions respectively. 

However, it was observed that the soaked samples 

showed more strength when compared to unsoaked 

samples. The strength improvement was attributed 

to the fact that the bacterial slurry consisting of urea-

CaCl2, reacted with water to form calcite 

precipitation. This shows that the subgrade will be 

sustained even in the monsoon season of the year. 

 

Effect of MICP on the permeability of soil 

subgrade 

The Optimum Moisture Content (OMC) 

determined at a urea-calcium concentration of 600 

mmol/L and a slurry addition of 70%, was used to 

determine the permeability of the poorly-graded 

sandy soil. A falling head permeability test was 

conducted to examine the drainage properties of the 

soil. The samples were prepared by adding 70% of 

slurry by weight of water content and kept 

undisturbed for 1, 5, 10, and 15 days. After the 

completion of respective days, the water was 

allowed to flow for 24 hours and the head 

differences were noted.  
 

Table 2. The OMC and MDD were obtained from 50, 

300, and 600 mmol/L of urea- CaCl2 

concentration at different percentages of 

slurry addition 
 

Urea- CaCl2 

Concentration 

(mmol/L) 

Addition of 

Slurry 

(%) 

OMC 

% 

MDD 

(g/cc) 

 

50 

20 13.45 1.75 

50 13.0 1.88 

70 13.0 1.87 

 

300 

20 13.0 1.88 

50 13.0 1.88 

70 13.0 1.88 

 

600 

20 12.85 1.89 

50 12.6 1.89 

70 12.25 1.90 

 

 
 

Figure 5. Variation of optimum moisture content 

(OMC) with the addition of different 

concentrations of urea-calcium chloride 

concentration at varying percentages 
 

 
 
Figure 6. Variation of California bearing ratio 

(CBR) value with OMC obtained at 600 

mmol/L of urea-calcium concentration at 

70% addition of slurry for treated and 

untreated soil samples 
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From the test results as shown in Table 3, it 

was seen that the permeability of the soil has 

reduced as the reaction period increases. The 

permeability of natural soil was 6.52×10-3 cm/s, 

which was reduced to 5.67×10-3 cm/s, 4.72×10-3 

cm/s, 4×10-3 and 3.9×10-3 after a reaction period of 

1, 5, 10 and 15 days respectively. With time, the 

calcite formation forms an effective bridging 

between the soil grains, known as clogging. The 

interaction among bacteria, urea, and calcium 

chloride in the soil leads to microbial processes that 

contribute to clogging. The bacteria, Bacillus 

subtilis, utilized urea as an energy and nutrition 

source, increasing the formation of biofilms that 

restrict the pore openings in the soil. Due to this 

clogging, the movement of water through the soil 

was slowed down, leading to the reduction of 

permeability of the soil. However, the rate of 

reduction of permeability has reduced after  

a reaction period of 15 days. This can be concluded 

by the fact that as the bio-cementation progresses, 

the soil becomes more solidified, resulting in  

a reduction in pore space that bacteria can inhabit 

and where minerals can form. 

The presence of an excessive amount of 

minerals in the soil might impede the transport of 

nutrients and metabolic waste, resulting in  

a decrease in bacterial activity and the rate at which 

bio-cementation occurs. To address this issue, it is 

essential to optimize the concentration of the 

cementation solution, which consists of urea and 

CaCl2. Higher concentrations can increase soil 

strength but also lead to excessive calcite 

precipitation. This precipitation can hinder the 

movement of nutrients and metabolic waste by 

forming a thick crystal layer over bacterial cells. 

Hence, it is crucial to achieve an optimal balance by 

regulating the concentration of the cementation 

solution to ensure sufficient formation of calcite 

without causing excessive hardening of the soil 

matrix. This provides sustained bacterial activity 

and a consistent rate of biological cementation, 

hence maintaining the desirable properties of the 

soil. 

 

Effect of pH of soil subgrade 

The pH of rainwater at the site varied from 6.9 

to 7.5 with an average of 7.2 which reflects to be in 

the alkaline range. The pH of the natural soil varied 

from 5.5 to 7.2 with an average of 6.3. The pH 

elevation seen can be attributed to the production of 

hydroxide ions (OH−) resulting from the process of 

ureolysis, leading to an alkaline shift in the soil's pH. 

Before the implementation of the treatment, the 

soil's pH level was measured to be 6.9, which then 

increased to 8.1 after the treatment. The bacteria 

generated an alkaline microenvironment by the 

consumption of H+ in the presence of soluble 

calcium ions which increases the pH of the soil. This 

alkaline environment facilitated to formation of 

more calcite precipitation in the soil matrix. 

 

Morphology of biologically cemented samples 

The evaluation of the uniformity of CaCO3 

crystal precipitation was conducted using scanning 

electron microscopy (SEM). The morphology of the 

soil sample treated with 600 mmol/L of urea-

calcium concentration at 70% addition of slurry was 

consolidated and inspected using a scanning 

electron microscope (SEM) is illustrated in  
Figure 7. In this image, it can be observed that 

distinct calcium carbonate (CaCO3) crystals have 

formed and developed between the sand grains. 

Upon closer examination at a higher magnification, 

a multitude of crystal forms, sizes, and distributions 

were identified.  

 

Table 3. Permeability test values for treated and untreated soil 
 

Condition  OMC Permeability, k (cm/s) 

Untreated soil  13.25 6.52×10-3 

 Reaction period (days)  1 5 10 15 

Treated soil  12.0 5.67 × 10-3 4.72 × 10-3 4 × 10-3 3.9 × 10-3 

 

 
 
Figure 7. SEM images of soil treated with 70% 

addition of slurry of 600 mmol/L of urea-

calcium concentration 
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Conclusion 

In this research, based on microbial-induced 

carbonate precipitation (MICP), a solution for 

poorly graded sandy subgrade soil was investigated. 

Since Arunachal Pradesh receives heavy yearly 

rainfall, it is more prone to soil erosion. The results 

indicated that the application of MICP in subgrade 

soil can be an effective alternative for the poorly 

graded subgrade which is susceptible to soil erosion, 

especially at monsoon. The CBR value obtained 

from the soaked soil sample was higher compared to 

the unsoaked soil sample. This indicated that the 

Bacillus subtilis along with urea-calcium carbonate 

solution will sustain even in monsoon season. The 

pH of natural soil was found to be 6.9 before the 

treatment, which reflects the moderately acidic 

range.However, the pH increased to 8.1 after the 

treatment. During the urea hydrolysis process, 

Bacillus subtilis utilizes urea as a source of energy 

and generates ammonia, resulting in an increase in 

pH in the nearby surroundings. The increase in the 

pH makes the surroundings alkaline and leads to the 

formation of calcite precipitation. This relationship 

between MICP treated soil and rainfall occurrence 

suggested that the formation of the CaCO3 by the 

MICP process could reduce the erosion amount 

remarkably by forming a bridging between the soil 

grains. The application of MICP enhanced the CBR) 

of the subgrade soil, resulting in an increase in the 

soil strength. The CBR test shows a comprising 

improvement in CBR value with treated soil 

samples as compared to the untreated soil. Further, 

the permeability of the treated soil also showed a 

notable reduction as compared to the untreated soil. 

Thus, it implies that MICP-reinforced soil will 

perform better than natural soil and increase load 

carrying capacity of soil. The process of calcite 

precipitation resulted in the filling of soil pores, 

leading to the formation of a firm soil matrix, as 

indicated by the SEM micrograph. More research 

should be focused on optimizing the MICP process 

at both the micro and macro levels before its direct 

application in the field. Specific challenges need to 

be investigated including the flow and transport of 

medium through the heterogeneous media, 

durability of treatment, permanence of the mixing 

technique, and mapping of the subsurface 

stratigraphy at the particle level. 

 

Conflict of interest The authors declare that they 

have no known competing financial interests or 

personal relationships that could have appeared to 

influence the work reported in this paper. 

 

References 

Andalib, R., Abd Majid, M.Z., Keyvanfar, A., Talaiekhozan, A., 
Hussin, M.W., Shafaghat, A., Mohd Zin, R., Lee, C.T., 

Fulazzaky, M.A., and Ismail, H.H. (2014). Durability 

improvement assessment in different high-strength 
bacterial structural concrete grades against different types 

of acids. Sadhana, 39(6):1,509-1,522. 

https://doi.org/10.1007/s12046-014-0283-0 
Anshu, A. K., Nabam, P., Kumar, S., Yadav, M., and Berlin, M. 

(2022). Investigation of rainwater harvesting system for 

NIT, Arunachal Pradesh, 552-560. 
https://doi.org/10.22214/ijraset.2022.42231 

Bakhshipour, Z., Asadi, A., Huat, B.B., Sridharan, A., and 

Kawasaki, S. (2016). Effect of acid rain on geotechnical 
properties of residual soils. Soils and Foundations, 56(6): 
1,008-1,020. https://doi.org/10.1016/j.sandf.2016.11.006 

Chang, J., Yang, D., Lu, C., Shu, Z., Deng, S., Tan, L., Wen, S., 

Huang, K., and Duan, P. (2024). Application of 

microbially induced calcium carbonate precipitation 

(MICP) process in concrete self-healing and 
environmental restoration to facilitate carbon neutrality: A 

critical review. Environmental Science and Pollution 

Research, 31(1):1-16. https://doi.org/10.1007/s11356-
024-33824-7 

Cheng, L., Shahin, M.A., Cord-Ruwisch, R., Addis, M., Hartanto, 

T., and Elms, C. (2014). Soil stabilisation by microbial-
induced calcite precipitation (MICP): Investigation into 

some physical and environmental aspects. In 7th 

International Congress on Environmental Geotechnics, 
64(12):1,105-1,112. 

DeJong, J.T., Mortensen, B.M., Martinez, B.C., and Nelson, D. 

C. (2010). Bio-mediated soil improvement. Ecological 
Engineering, 36(2):197-210. 

https://doi.org/10.1016/j.ecoleng.2008.12.029 
Dessy, A., Abyor, N., and Hadi, H. (2011). An overview of 

biocement production from microalgae. International 

Journal of Science and Engineering, 2(2):31-33. 
https://doi.org/10.12777/ijse.2.2.31-33 

Ersan, Y.C., Boon, N., and De Belie, N. (2018). Granules with 

activated compact denitrifying core (ACDC) for self-
healing concrete with corrosion protection functionality. In 

Final Conference of RILEM TC 253-MCI: 

Microorganisms-Cementitious Materials Interactions 
123:475-484. 

Kim, G., Kim, J., and Youn, H. (2018). Effect of temperature, pH, 

and reaction duration on microbially induced calcite 
precipitation. Applied Sciences, 8(8):1277. 

https://doi.org/10.3390/app8081277 
Kumar, S.N., Natarajan, M., and Arasu, A.N. (2024). A 

comprehensive microstructural analysis for enhancing 

concrete's longevity and environmental sustainability. 

Journal of Environmental Nanotechnology, 13(2):368-
376. https://doi.org/10.13074/jent.2024.06.242584 

Li, M., Li, L., Ogbonnaya, U., Wen, K., Tian, A., and Amini, F. 

(2016). Influence of fiber addition on mechanical 
properties of MICP-treated sand. Journal of Materials in 

Civil Engineering, 28(4):04015166. 

https://doi.org/10.1061/(ASCE)MT.1943-5533.0001476 
Maleki, M., Ebrahimi, S., Asadzadeh, F., and Emami Tabrizi, M. 

(2016). Performance of microbial-induced carbonate 

precipitation on wind erosion control of sandy soil. 
International Journal of Environmental Science and 

Technology, 13(3):937-944. 

https://doi.org/10.1007/s13762-015-0921-z 
 

 

 
 

https://doi.org/10.1007/s13762-015-0921-z


 

 

010331-9 Suranaree J. Sci. Technol. Vol. 31 No. 5; September - October 2024 

Mujah, D., Shahin, M.A., and Cheng, L. (2017). State-of-the-art 
review of biocementation by microbially induced calcite 

precipitation (MICP) for soil stabilization. 

Geomicrobiology Journal, 34(6):524-537. 
https://doi.org/10.1080/01490451.2016.1225866 

Nemati, M., Greene, E.A., and Voordouw, G. (2005). 

Permeability profile modification using bacterially formed 
calcium carbonate: Comparison with enzymic option. 

Process Biochemistry, 40(2):925-933. 

https://doi.org/10.1016/j.procbio.2004.02.016 
Okwadha, G.D. and Li, J. (2010). Optimum conditions for 

microbial carbonate precipitation. Chemosphere, 

81(9):1,143-1,148. 
https://doi.org/10.1016/j.chemosphere.2010.09.066 

Parthasaarathi, R., Balasundaram, N., and Arasu, N. (2024). 

Analysing the impact and investigating coconut shell fiber 
reinforced concrete (CSFRC) under varied loading 

conditions. Journal of Advanced Research in Applied 

Sciences and Engineering Technology, 35(1):106-120. 

https://doi.org/10.1007/s11771-023-2381-x 

Schaefer, V.R., White, D.J., Ceylan, H., and Stevens, L.J. (2008). 

Design guide for improved quality of roadway subgrades 
and subbases. Iowa Highway Research Board (IHRB 

Project TR-525), 7:8-72. 

Siddique, R., Singh, K., Singh, M., Corinaldesi, V., and Rajor, A. 
(2016). Properties of bacterial rice husk ash concrete. 

Construction and Building Materials, 121:112-119.  

Sidik, W.S., Canakci, H., Kilic, I.H., and Celik, F. (2014). 
Applicability of biocementation for organic soil and its 

effect on permeability. Geomechanics and Engineering, 

7(6):649-663. https://doi.org/10.12989/gae.2014.7.6.649 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Soni, A. and Varshney, D. (2021, April). Enhancing the California 
bearing ratio (CBR) value of clayey-sand type of soil in 

Mathura region. In IOP Conference Series: Materials 

Science and Engineering, 1116(1):012031.  
Srinivasan, S.S., Muthusamy, N., and Anbarasu, N.A. (2024). 

The structural performance of fiber-reinforced concrete 

beams with nanosilica. Matéria (Rio de Janeiro), 
29(3):e20240194.  

Tang, C.S., Yin, L.Y., Jiang, N.J., Zhu, C., Zeng, H., Li, H., and 

Shi, B. (2020). Factors affecting the performance of 
microbial-induced carbonate precipitation (MICP) treated 

soil: A review. Environmental Earth Sciences, 79. 

https://doi.org/10.1007/s12665-020-08894-9 
Whiffin, V.S., Van Paassen, L.A., and Harkes, M.P. (2007). 

Microbial carbonate precipitation as a soil improvement 

technique. Geomicrobiology Journal, 24(5):417-423. 
https://doi.org/10.1080/01490450701436505 

Wilcox, S.M., Mulligan, C.N., and Neculita, C.M. (2024). 

Microbially induced calcium carbonate precipitation as a 

bioremediation technique for mining waste. Toxics, 

12(2):107. https://doi.org/10.3390/toxics12020107 

Zhu, X., Wang, J., Wang, H., and Li, Y. (2024). A numerical 
model of the MICP multi-process considering the scale 

size. PLOS ONE, 19(1):e0297195. 

https://doi.org/10.1371/journal.pone.0297195 
 
 

https://doi.org/10.12989/gae.2014.7.6.649

