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Table 1. Composition of soils used. 

 Component (%) 

samples Clay Silt Sand 

Ariake clay 23.8 57.8 18.4 
Red soil 9.2 50.6 40.1 

Andosol 12.6 57.9 29.5 
Decomposed 

19.8 54.4 25.9 granite soil 
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ABSTRACT: Influence of microorganisms on consistency property of various types of soils was investigated. It is found that the 
microorganisms such as lactic acid or photosynthetic bacteria influence the liquid limit and plastic limit of soils. It is also clarified 
that the microorganisms influence the consolidation property of clay with high content of organic matters. Dehydration of soft soils is 
one of methods for treating sludge, because soft clay with high water content cannot be used as geo-material. In this study, a simple 
dehydration method with siphon system is proposed. It is confirmed that the dehydration method is enable to decrease water content 
of very soft clay to near liquid limit. From the consolidation and dehydration tests of sludge in pond, it is found that mixing 
photosynthetic bacteria increases permeability of the soft clay and accelerates consolidation. 

RÉSUMÉ : L'influence des microorganismes sur la propriété de cohérence de divers types de sol a été étudiée. On constate 
que les microorganismes tels que l'acide lactique ou les bactéries photosynthétiques influencent la limite de liquide et la li
mite plastique des sols. Il est également précisé que les microorganismes influent sur la propriété de consolidation de l'argi
le avec une teneur élevée en matières organiques. La déshydratation des sols doux est l'une des méthodes de traitement de
s boues, car l'argile molle à haute teneur en eau ne peut pas être utilisée comme matériau géométrique. Dans cette étude, 
une simple méthode de déshydratation avec système siphon est proposée. Il est confirmé que la méthode de déshydratation 
permet de diminuer la teneur en eau de l'argile très douce à une limite proche du liquide. À partir des essais de consolida
tion et de déshydratation des boues dans l'étang, on constate que le mélange de bactéries photosynthétiques augmente la pe
rméabilité de l'argile molle et accélère la consolidation. 
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1  INTRODUCTION 

Many microorganisms exist in natural soils. However, the 
influence of microorganisms on engineering properties of soils 
has not been clarified sufficiently in geotechnical engineering 
field. 

Generally, microorganisms have an important role in 
agricultural soils  Purple non-sulfur bacteria are one type of  
photosynthetic bacteria, which can live and grow in light. They 
are widely distributed in anaerobic environments like paddy 
field, river, lake, pond, seawater and wastewater plants. It was 
found that these bacteria are effective for stimulating plant 
growth (Kondo et al., 2004). Lactic acid bacteria exist widely in 
nature. It was confirmed that lactic acid bacteria accelerate the 
decomposition of organic amendments in soils and increase the 
release of nutrients that are necessary for  plant growth (Higa 
et al., 1989). 

It is not easy to use soft clay with high water content as geo-
material. Recycling of sludge is one of important issues to be 
solved in geo-environmental problems. There are many 
treatment methods of soft clay, for example, mixing with sandy 
soil or solidification using cement-based agent. Dehydration of 
soft soils is also one of method for recycling of sludge. It is 
important to consider reducing environmental impact. 

In order to investigate influence of microorganisms on 
consistency property of various types of soils, lactic acid and 
photosynthetic bacteria are used (Omine et al., 2015). Influence 
of the microorganisms on the consolidation property of clay 
with high content of organic matters is also investigated. In this 
study, a simple dehydration method with siphon system is 
proposed. It is confirmed that the dehydration method is enable 
to decrease water content of very soft clay to near liquid limit. 
Consolidation and dehydration tests of sludge in pond are 
performed. The influence of photosynthetic bacteria on 
permeability and compressibility of the soft clay is clarified. 

2  INFLUENCE OF MICROORGANISMS ON 
CONSISTENCY OF SOILS 

2 .1  Soil samples 

In order to investigate the influence of microorganisms on 
chemical and physical properties of soils, a laboratory 
experiment was conducted with three different types of soils, 
namely Ariake clay, red soil and andosol.. Ariake clay is a 
typical marine clay in Japan. Red soil (Kunigami mahji) was 
sampled at Okinawa in Japan. Andosol (Kuroboku soil) is a 
volcanic ash clayey soil , collected from Kumamoto in Japan. 
The grain size distributions of these soils were measured by the 
laser diffraction particle size analyzer and the results are shown 
in Table 1. 
 

2 .2  Microorganisms 

Purple non-sulfur photosynthetic bacteria were used in this 
study. The bacteria are on the market and  cultured from  
paddy field soils. It is possible to culture the bacteria in a 
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       (a) Ariake clay                 (b) Red soil (Kunigami-mahji)          (c) Andosol (volcanic ash soil) 

Figure 1.  Changes of Liquid Limit and Plastic Limit on each soil (×10 or 100: a dilution ratio of 10 or 100 times). 

 
Table 2. Values of pH of soil samples with or without the bacteria. 

 Water Lactic acid 
bacteria×100 

Photosynthetic 
bacteria×100 

Lactic acid 
bacteria×10 

Photosynthetic 
bacteria×10 

Ariake clay 6.75 6.76 6.86 6.88 7.10 
Red soil 5.84 5.87 5.87 6.00 5.89 
Andosol 5.81 5.86 5.86 5.86 5.84 

                                                              (×10 or 100: a dilution ratio of 10 or 100 times) 

Table 3. Electric conductivity of soil samples with or without bacteria.  

 Water Lactic acid 
bactreia×100 

Photosynthetic 
bacteria×100 

Lactic acid 
bactreia×10 

Photosynthetic 
bacteria×10 

Ariake clay 3.32 3.55 3.30 3.45 3.41 
Red soil 0.174 0.191 0.194 0.197 0.198 
Andosol 0.149 0.189 0.194 0.224 0.233 

                                            (unit: mS/cm, ×10 or 100: a dilution ratio of 10 or 100 times) 

nutrient medium containing ammonium, sodium, potassium, 
yeast extract etc. under sunlight and incubating under anaerobic 
condition for a week. 

Lactic acid bacteria are also used. It is easy to culture these 
bacteria by mixing water, rice bran (or unpolished rice), 
granulated sugar and salt under anaerobic condition for a week. 

 

2 .3  Laboratory test 

A known volume of the lactic acid bacteria or photosynthetic 
bacteria was mixed with each soil types. The culture solutions 
of these bacteria were diluted with distilled water and made 10 
or 100 times dilutions In consideration of a natural water 
condition of soils, the diluted culture solutions were mixed with 
11, 12 and 20g of clay, red and ash clay soils, respectively. The 
bacteria inoculated soil samples were cured under constant 
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temperature of 25ºC and humidity of 90% for a week. 
Regarding the chemical properties of soils, pH and electric 

conductivity (EC) on the soil samples mixed with distilled 
water of 5 times were measured in a dry condition. 

Liquid limit and plastic limit tests were also performed on 
each soil sample for evaluating the consistency property. 

2 .4  Test results 

Values of pH on soil samples with or without the bacteria are 
shown in Table 2. pH of undiluted solutions of the lactic acid 
bacteria and photosynthetic bacteria were 3.16 and 8.28, 
respectively. Though the pH of the lactic acid bacteria was low, 
the pH of each sample was slightly increased in comparison 
with the control. 

Values of EC on soil samples with or without the bacteria 
are shown in Table 3. After mixing the bacteria, the EC of the 
samples was  increased due to the presence of nutrients in the 
the culture solution. 

Changes in Liquid Limit (LL) and Plastic Limit (PL) on 
each soil sample with or without the bacteria are shown in Fig.1. 
It is confirmed that the LL and PL of all soil samples increased 
by adding the bacteria. This trend became clear when the 
dilution ratio was small, except for PL in andosol soils. It was 
found that the consistency of the soils depends on the bacteria. 

3  CONSOLIDATION PROPERTY OF SOFT CLAY 
MIXED WITH PHOTOSYNTHETIC BACTERIA AND 
APPLICATION OF DEHYDRATION METHOD 

3 .1  Soil samples and mechanical property 

Pond sludge at Nagasaki prefecture is used as a sample of soft 
clay. Natural water content of the sludge was 144.8 %. Clay 
content is 47% and density of soil particles is ρs 2.73g/cm3. 
The sludge mixed with photosynthetic bacteria of 1 % in a mass 
is also prepared and cured for a week at constant temperature of 
30˚C. Consistency and ignition loss of the clays are shown in 
Table 4. Liquid and plastic limits of the clay with the bacteria 
increase and plastic index of the clay with the bacteria 
decreases. 

 
Table 4. Mechanical property of the sludge with or without the bacteria. 

Sample Liquid limit 
wL (%) 

Plastic limit 
wP (%) 

Plastic 
index IP 

Ignition 
loss (%) 

Clay 122.1 40.6 81.5 14.9 
Clay with 

photosynthetic 
bacteria 

123.0 42.3 80.7 15.0 

3 .2  Consolidation property 

Consolidation test was performed on specimens of the clays in a 
size of 60 mm in diameter and 20 mm in height. The clays in a 
slurry was poured into a consolidation mold. 

Relationship between coefficient of permeability and 
consolidation pressure of the clay with or without the bacteria is 
shown in Fig.2. It is found that the coefficient of permeability 
on the clay with the bacteria increases comparing with that of 
the clay without the bacteria at the same consolidation pressure. 
Influence of the bacteria on the coefficient of consolidaiton is 
shown in Fig.3. The value of coefficient of consolidation also 
increases after mixing the bacteria.  

It is considered that the photosynthetic bacteria promote a 
degradation of organic matters or have any activation effect. It 
is expected that the lactic acid bacteria also have similar effect. 
Similar effect of increasing permeability after adding the 
photosynthetic bacteria has been observed on the in-situ ground 
of the decomposed granite soil with low permeability (Omine et 
al., 2015). 

 
Figure 2. Relationship between coefficient of permeability and 
consolidation pressure of the clay with or without the bacteria. 

 

 
Figure 3. Relationship between coefficient of consolidaiton and 
consolidation pressure of the clay with or without the bacteria. 

3 .3  Dehydration method with siphon 

Simple dehydration method with siphon is used. A schematic 
diagram of the apparatus is shown in Fig.4. A container in 
width of 24 cm, length of 31 cm and height of 10 cm is 
prepared and nipple pipe is attached on the side. House with 15 
mm of inside diameter is equipped with 4 pieces of acrylic 
string inside. Hose with 3 mm of inside diameter is connected 
for increasing water head. The acrylic string is used for 
absorption of water and stimulation of water movement to the 
hose with 3 mm of inside diameter. After supplying a water to 
the hose, siphon is applied to the clay and dehydration starts. 
   Four sheets of cloth was placed on the bottom of the 
container as drainage layer and the clay in a slurry was poured  
 

Nipple pipe 

Hose with 15 mm of inside diameter  
installing acrylic strings  

Water head 

Hose with 3 mm of  
inside diameter  

Clay 

Cloth 
as drainage layer 

Water  
tank 

 
Figure 4. A schematic diagram of dehydration method with siphon. 
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into the container up to 4 cm in height. The surface of the clay 
is wrapped in plastic film.  

Four samples with different initial water content from 150 to 
500 % are prepared. Relationship between amount of total 
drainage water and elapsed time on the clays with different 
water content is shown in Fig.5. It is indicated that amount of 
drainage water of the clay with higher water content increases. 
For all conditions of the clays, the amount of drainage water 
becomes almost constant after 10 hours of elapsed time. Initial 
and final water contents of the dehydration on the clays are 
shown in Table 5. The liquid limit of the clay is 122.1 %. From 
the result, it is found that the clay with twice water content of 
liquid limit can decrease to water content less than liquid limit 
after dehydration. 

In order to confirm the effect of water head on the siphon, 
dehydration test was performed under different length of the 
hose. Relationship between negative pressure and elapsed time 
under the water head of 2 or 8 m is shown in Fig.6. Negative 
pressure was measured by installing water pressure meter to the 
nipple pipe. The maximum negative pressure of 8 kPa was 
obtained in the condition of 2 m of water head. On the other 
hand, the maximum value was 25 kPa at the condition of 8 m of 
water head and several peaks was shown. The amount of total 
drainage water increased by 20%. 
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Figure 5. Relationship between amount of total drainage water and 
elapsed time on the clays with different water content (water head: 2 m). 

 
Table 5. Water contents of the clays before and after dehydration (water 
head: 2 m). 

Initial water content (%) 150 300 450 500 
Water content after 

dehydration (%) 113.7 115.8 128.6 133.2 
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Figure 6. Relationship between negative pressure and elapsed time 
under the different condition of water head. 

Influence of photsyntheic bacteria on dehydration of the clay is 
investigated. Figure 7 shows relationship between amount of 
total drainage water and elapsed time on the clays with or 
without the bacteria. The amount of drainage of the clay with 
the bacteria water increases at the same elapsed time. It is found 
that the coefficient of consolidation calculated from this curve 
increases at the condition of the clay with the bacteria. This is 
the same trend in the consolidation test. 
   It is considered that the photosynthetic bacteria have any 
effect for promoting a degradation of organic matters and the 
consolidation. The dehydration method using siphon and 
mixing the bactria is eco-friendly way with reducing 
environmental impact. 
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Figure 7. Relationship between amount of total drainage water and 
elapsed time on the clays with or without the bacteria. 

4  CONCLUSION 

The following conclusions are obtained from this study. 
1) Liquid limit and Plastic limit of soil samples increases 

after mixing the microorganism such as lactic acid bacteria or 
photosynthetic bacterial. 

2) Coefficients of permeability and consolidation on the clay 
with high water content and high organic content increase by 
mixing the photosynthetic bacterial. 

3) Simple dehydration method using siphon is proposed. The 
dehydration effect is much higher for the clay with high water 
content. The siphon effect can be increased by increase of water 
head. 

4) It is considered that the dehydration method using siphon 
and mixing the bactria is eco-friendly way with reducing 
environmental impact. 
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