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ABSTRACT: The various methods are in practice for improving the properties of soil which are neither economical nor 
eco-friendly. The microorganisms, nutrients, biological processes may prove to eco-friendly solution to soil improvement. 
This paper aims to review different microbial, their microbiological processes and their geotechnical applications to 
enhance the properties of soil. The microbial improves different geotechnical properties of soil. The microbiological 
processes include calcite precipitation, mineral transformation and different pathways. The properties of cohesionless soil 
or cohesive soil can be improved using microbes. This paper review, the geotechnical applications of cementation of sands 
to enhance bearing capacity, soil erosion control, groundwater flow control, and remediation of soil and groundwater 
impacted by metals and radionuclides. 
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1. INTRODUCTION  

Presently, all civil engineers facing a great challenge of 
constructing a structure on or with a soil which does 
not have suitable characteristics even for walking 
human kind on that soil. The civil engineers cannot 
avert such site due to presence of weak soil or 
geotechnical properties. To face these challenges, 
engineers are working hard to change or reform, the 
mechanical and physical properties of the soil by using 
different soil stabilization techniques. 

Today, mostly stabilization of soil can be carried with 
lime, cement, fibers, waste materials and geosynthetic 
material. Few methods are not only eco-friendly but 
also toxic, costly and contaminate the ground water. In 
order to have green approach for ground improvement, 
geotechnical engineers are working with environment 
to find suitable and economical method for soil 
stabilization using microbes. It is an uncommon 
alternative for improvement of properties of soil. 
Microbiological process is more environmentally 
friendly than other conventional treatment methods. 

The bacteria’s or microbes found in around are used in 
the process. The process involved in microbial effect 
results in the pores of the soil matrix. The formation of 
mineral precipitate in pores alters the soil properties by 
cementation called bio-cementation. The other way is 
process of filling voids by a product resulting from 
microbial induced biochemical process called as bio-
clogging. Each of the process applied results in 
influencing different geotechnical properties of soil. 
Many researchers are working on deployment of 
microbes for assessing the strength of these bacteria in 
geotechnical application and also assessing the factors 
influencing the performance of various microbes.    

This paper aims to review different microbes, their 
microbiological processes [Mortensen et al. (2011), 
Wei-Soon et al. (2013), Dhami et al. (2013), Daehyeon 
et al. (2014)]  and their geotechnical applications to 
enhance the properties of soil [Deojong et al. (2006), 
Whiffin et al. (2007), Chou (2007), Ahmed and 
Hussain (2008), Ivanov and Chau (2008), Kavazanjian 
and Karatas (2008), Yasuhara et al. (2012), Wei-Soon 
et al. (2012), Pusadkar (2014), Pusadkar and Chavan 
(2014), Shahrokhi et al. (2014), Ukken and Krisnan 
(2015), Maleki et al. (2016)]. Chang et al. (2016) 
describe the geotechnical sustainability using microbial 
treatment for soil improvement.  

2. MICROBES AND SOIL  

Soil contains microorganisms which are highly 
adaptable to varying conditions both genetically and 
physiologically, because they have been in existence 
for over 3.5 billion years. However, the quantum of 
efficient bacteria required for cementation or clogging 
are not sufficient to have the process complete. Hence, 
adding more microbes to soil which are helpful to 
enhance geotechnical properties is the need of the hour. 
It will be helpful to utilize the unused or weak soil area 
to built suitable infrastructure. 

 The soil improvement using microbes taking shape 
and therefore little work is available. Table 1 gives 
various microbes studied by researchers for enhancing 
various geotechnical properties. The most of the work 
is carried out on sand expect few on black cotton soil.  

The microbially induced CaCO3 precipitation in porous 
soil usually occurs by adding the exogenous bacterium 
Sporosarcinapasteurii (S. pasteurii) to promote urea 
hydrolysis via the enzyme urease (Whiffin et al. 2007; 
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Mortensen et al. 2011). The deposition of CaCO3 in the 
void spaces or around the surfaces of the soil particles 
contributes to the clogging of the porous medium with 
a consequent reduction of porosity.  

Anbu et al. (2016) also reported many urease 
producing bacteria which are responsible for calcite 
precipitation such as Aerobacter aerogenes, B. 
megaterium, B. subtilis, Bacillus sp. CR2, B. 
thuringiensis, D. halophila, Halmonas eurihalina, 
Helicobacter pylori, Kocuria flava CR1, L. sphaericus 
CH5, Methylocystis parvum, Myxococcusxanthus, 
Proteus mirabilis, Pseudomonas denitrificans, 
Spoloactobacillus sp., Sporosarcina ginsengisoli and 
Sporosarcina pasteurii .  

3. MICROBIOLOGICAL MECHANISM 

The mechanisms for microbiological applications to 
geotechnical engineering can be divided into two main 
categories: bioclogging and biocementation. 
Bioclogging is a process where the soil void is filled by 
the product from microbial-induced biochemical 
process. Biocementation is to enhance the strength and 
stiffness properties of soil and rocks by introducing 
bacteria and cementation reagents into the soil.   

Ivanov and Chu (2008) describes different possible 
microbial processes that can lead potentially to 
bioclogging and biocementation. Bioclogging includes 
formation of impermeable layer of algal and cyano 
bacterial biomass.  

The production of slime in soil is caused by aerobic 
and facultative anaerobic heterotrophic bacteria, 
oligotrophic microaerophilic bacteria and nitrifying 
bacteria. The production of undissolved sulphides of 
metals by sulphate-reducing bacteria and undissolved 
carbonates of metals are formed by ammonifying 
bacteria. The ferrous solution and precipitation of 
undissolved ferrous and ferric salts and hydroxides in 
soil are formed by iron-reducing bacteria.  

Biocementation includes binding of the soil particles 
with sulphides of metals produced by sulphate reducing 
bacteria and binding of the particles with carbonates of 
metals produced due to hydrolysis of urea. Binding of 
the particles with ferrous and ferric salts and 
hydroxides are produced due to activity of iron-
reducing bacteria.  

Umer et al. (2016) review the biological process of soil 
improvement considering various factors. The 
temperature and humidity affect metabolic reactions 
inside the cells and some physical properties such as 
viscosity and diffusion. The availability of other 
microorganisms also restricts the available space for 
bacterial growth and activity, and limits the population 

of the bacteria. He also discussed the challenges need 
to be face for mixing the bacteria in deeper location, 
flow of bacteria in voids and long-term durability of 
strength induced by the process. 

4. GEOTECHNICAL PROPERTIES 

Mechanical properties of soil are of insufficient and 
subjected to erosion. Stabilization of soil is highly 
desirable because of the increasing infrastructure. 
Conventional chemical grouting techniques are often 
expensive and require many injection wells for treating 
large volumes.  

Many researchers have evaluated the potential of 
application of bacterially induced carbonate 
precipitation by ureolytic bacteria by providing urea 
and calcium sources in various sand plugs. It is 
reported that sand consolidation by B. pasteurii 
reduced porosity by upto 50% and permeability by up 
to 90% in the areas where the cement action took place. 
Improvement in strength of sand columns upon 
bacterial carbonates was also reported.  

Ureolytic driven MICCP has also been proposed to 
suppress dust, reduce permeability in granular media, 
improve soils, stabilize slopes and strengthen 
liquefiable soils. Table 1 show the work carried out by 
various authors and improvement in the geotechnical 
properties. The bacterial improvement of sandy soil 
and black cotton soil leads in increasing strength, 
reducing permeability and swelling characteristics.   

5. APPLICATIONS OF MICROBIAL IN 
GEOTECHNICAL ENGINEERING 

The microbial can be widely used in soil improvement 
in various ways. In most of process injection mode can 
be used for bacteria intrusion while in some cases 
mixing with soil can be taken place before placing in 
position.  Some of the areas where improvement needs 
are, 

 Reinforcing or stabilizing soil to facilitate the 
stability of tunnels or underground 
constructions; 

 Increasing the bearing capacity of piled or 
non-piled foundations; 

 Reducing the liquefaction potential of soil; 
 Treating pavement surface; 
 Strengthening tailings dams to prevent 

erosion and slope failure; 
 Binding of the dust particles on exposed 

surfaces to reduce dust levels; 
 Increasing the resistance of offshore 

structures to erosion of sediment within or 
beneath gravity foundations and pipelines; 
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 Stabilizing pollutants from soil by the 
binding;  

 Controlling erosion in coastal area and rivers 

6. FIELD IMPLEMENTATION 

To date only a few field trials have been performed in 
which microbes have been actively used to either 
increase the strength and stiffness of soil or reduce the 
hydraulic conductivity. For field implementation 
required bacterial suspension can be produced in 
laboratory. Then this suspension is mixed with soil 
similar to chemical injection methods. For uniform 

treatment on the field microbiological processes can 
utilize by using technologies from the ground 
improvement – geo-environmental remediation. i.e. 
grouting methods, including injection well patterns and 
point injection techniques. 

The cost of microbiological treatment schemes are 
dependent on the processes used, and on details of the 
specific field project. It also shows that as is common 
with many other ground treatment processes, the major 
cost is in delivery. If processes can be developed that 
enable bio-treatment to be delivered more 
economically, then strong potential exists. 

Table 1: Improvement in Soil Properties 
 

Sr. 
No 

Soil Bacteria Microbial Process Improvement Disadvantages Reference 

1 
Ottawa 
50–70 
Sand 

Bascilluspasteurii Cementation 
process 

increase in axial 
capacity, higher elastic 
capacity,  

degradation of 
cementation was 
detectable 

Deojong et al. 
(2006) 

2 
Itterbeck 
sand 

 
Sporosarcina 
pasteurii 

 
Urease activity 

porosity was decreased 
to 90%, 
significant strength 
increase 

CaCO3 (below 60 
kg/m3 or 3.5% 
w/w) had no 
significant effect 

Whiffin et al. 
(2007) 

3 
 

Sand 

 
Urease - enzyme-
driven 
mineralization 

 
Enzyme to 
hydrolyze urea 

Unconfined 
compression strength 
increases and 
permeability reduces 

- 

Yasuhara et al. 
(2012) 

4 Sand 
 
Bacillus Pasteurii 

 Effective size of sand 
influences the 
performance. 

- 
Pusadkar and 
Chavan (2014) 

5 Sand 

 
 
Sporosarcina 
Pasteurii 

Calcite 
precipitation 

Significant 
improvements in the 
UCS and stiffness 
Values, permeability 
coefficient values of the 
treated sands 

- 

Shahrokhi et 
al. (2014) 

6 
Black 
cotton soil  

Tryptic Soy Broth 
was used for the 
cultivation of 
Fastidious and 
non-fastidious 
microorganisms 

Use of Tryptic Soy 
Broth 

Plasticity Index  
decreases, Shrinkage 
limit increases , 
Swelling pressure 
decreased 

- 

Pusadkar 
(2014) 

7 Sand 

Bacillus, 
Sporosarcina, 
Spoloactobacilus, 
Clostridium and 
Desulfotomaculum 

Urea hydrolysis  Increases in shear 
strength, confined 
compressive strength, 
stiffness and 
liquefaction resistance 

- 

Ukken and 
Krisnan (2015) 

 
7. CONCLUSIONS 

1. Facultative anaerobes could be useful for 
bioclogging and biocementation methods to 
improve the mechanical properties of soil. 

2. The microbes which precipitates calcium 
carbonates very useful for increasing bearing     
capacity, stiffness, susceptibility to 

liquefaction and decreasing the permeability 
of soil. 

3. The use of microbials for improvement of soil 
characteristics is not only very cost effective 
method but also eco-friendly method. 

4. MICP process offered a ground improvement 
method to reduce the liquefaction 
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susceptibility and the damage due to seismic 
loading. 

5. The black cotton soil can also be well treated 
by microbes to reduce the swelling effects and 
improve bearing capacity. 

6. It is required to observe the performance of 
microbial treated soil in field or real 
engineering problem. 

7. It will also need to ensure the retention 
capacity, environmental effect of gained 
strength and lifelong serviceability. 
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