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1- Microbial induced calcite precipitation (MICP)
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Figure 1- Screened bacteria in terms of urea hydrolysis (mMurea.mint) and electrical conductive (dS.m)
U1 until U44 are bacteria isolation.
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Table 1- Highly ability bacteria in terms of urea hydrolysis (selected from Figure 1)

B. pasteureii u3 us ui6 u3s u40

S ol 0.3505 0.342 0.1857 0.520 0.3634 0.122
EC(dS.m)

29 g 3.855 3.763 2.043 5.719 3.997 1.342

(mM urea.min™?)

0)9‘ ).Js),\.db <YL dbly L d)lfb dLmdulb u40 9 U35 U16 U8 U3
U3, U8, U16, U35 and U40 bacteria isolation with highly ability in urea hydrolysis
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Table 2- Biochemical Tests of isolated bacteria

1:_‘)9:5‘ B. pasteureii U3 us u16 Uss u40
ests
’ 1/5% + + + + + +
& 5 4905
2 oo (4905 + + + + + +
3T 3%
Salt tolerance - -
ol 6% + + + +
- + - - - -
10%
Ol 03] + - + + + +
Citrate test
Moy o903l
Awliis - - - - - -
Starch
hydrolysis test
£ S5l + - + + + +
Gram staining
osk OF
g3l ol e ) 2 Ja ) o
b o] : Without Green Yellow Yellow Green Yellow Blue
L oyl parafilm
(OFF) ypo55 LOIF
(OIF) test bl o S o s %3 o
With Blue Green Green Green Yellow Blue
parafilm
YU 905 + + + + + +
Catalase test
RIS
ouilw gl - - - - - .

Fluorascance
test
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Figure 2- Growth curve of microbial isolates
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Table 3- Some physical and chemical peroperties of the studied soil

Seedy PH S syl Jsdss ov) b R
Soil EC Prosity Clay Silt Sand
texture
(dS.m'1) YA YA YA YA
Sandy 3 7.1 1.68 54 0 0 100
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Table 4- Analysis of variance of soil penetration resistance

oS B @33l a4y ©la e (ke

S.0.vV df Mean square

(59958 Cuoglie

Penetration resistance
(@) Microbial treatment .S jlos 7 175.37**
(b) Concentration clale 37.62**
axb 14 15.36**
Error oLl 48 0.21

o>V Jleis] daws j3 )3 pixe g 5 gizeyuE )i & i 9 NS
ns and **, non- significant and significant at 1% probability levels

S g 31 (g ko il 0 43 (JEwllRe o 51) (59,958 Cuoglio I Juols gyl -0 Jgao
Table 5- The results of soil penetration resistance at 5 cm of soil depth

S5 (5¥90) 8591 81 pod &3 amadS” 3y IS Cilizo £ glanw
Bacteria Different levels of calcium chloride and urea (molar)
0.1 0.5 1
B. pasteureii 7.29f 9.03¢ 6.279
U3 9.08e 10.26¢d 13.56a
us 12.94a 10.7bcd 6.04g
uU16 4.63h 5.83g 1.21jj
U35 6.56fg 10.84bc 1.87i
u40 9.99d 13.24a 11.16b
Control 0.0001k 0.0001k 0.0001k
Cementation agent 0.97j 1.13ij 0.0001k
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Figure 3- Limit speed of the wind erosion threshold (ms™) and Soil losses (gm2.mint)

at different levels of microbial treatments
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Figure 4- Result of the wind tunnel; A: control samples, B: MICP samples,
a: wind speed (0 ms™), b: wind speed (9/4 ms?), c: wind speed (25 ms™)
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Introduction: Dust is one of the most important destructive phenomena in the world, that annually causing
damage to human health and the environment. This issue ranks after two major challenges of climate change and
water scarcity as the third most important challenge facing the world in the 21st century that is considered.
Microbial-induced calcite precipitation (MICP) is a relatively green and sustainable soil improvement technique.
It utilizes biochemical process that exists naturally in soil to improve engineering properties of soils. The calcite
precipitation process is uplifted by the mean of injecting higher concentration of urease positive bacteria and
reagents into the soil. In this process, the enzyme present in the bacteria hydrolyzes the urea in the environment
and through reacting with the calcium ion, leads in the deposition of calcium carbonate. The main objective of
this study is isolation native ureolytic bacteria from different soil of around Urmia Lake and then, the evaluation
their efficiency in the MICP for stabilization of sandy soils and reduce windy erosion.

Materials and Methods: In order to isolate ureolytic bacteria, 25 soil samples were taken from different
land use in West Azarbaijan province, Iran. To increase the number of ureolytic bacteria in soil samples were
used from the enrichment solution and then ureolytic bacteria were isolated and purified. These isolates were
subjected to various biochemical tests, as well as the growth curve and urease activity were determined. In order
to investigate the potential for soil improvement, a factorial experiment was conducted based on a completely
randomized design with two factors including microbial treatment in eight levels (including five isolated bacteria
(U3, U8, U16, U35 and U40) and Bacillus pasteurii (as control Positive), non-bacterial and non-cementation (as
control negative) and non-microbial but with cementation solution treatments) and another factor including
different concentrations of calcium chloride solution with urea at three levels (0.1, 0.5 and 1 molar), in three
replications. After injection of cementation solution and bacterial solution to soil, penetration resistance and
windy erosion rates in sandy soil were assessed

Results and Discussion: In study, overall 45 isolates of the bacteria were isolated and purified. Among of 44
isolates, five bacterial isolates (U3, U8, U16, U35 and U40) had the highest urease activity. The growth curve of
bacterial isolates showed that the highest urease activity and microbial population were in the time period of 13
to 16 hours after microbial culture, which it is represents the best time use bacterial solution in the MICP
process. According to the results of soil improvement tests, the amount of soil erosion in the MICP treatment at a
wind speed of 25 m/s was zero and the rate of penetration resistance was averaged over 13 MPa, which has a
very impressive impact on MICP in controlling wind erosion, especially at high speeds of wind. The results
showed that U3 and U16 isolates had the highest amount of urea hydrolysis and also U16 and U3 had the lowest
and the highest tolerance to salinity, respectively. The results of the wind tunnel showed that the wind erosion
threshold in negative control samples (non-bacterial and non-cementation) were 9.4 m/s and for MICP samples
(including five isolated bacteria and Bacillus pasteurii ) were much higher than the wind tunnel speed in the
wind tunnel machine in Urmia university (25 m/s). The maximum penetration resistance (13.5 MPa) was
obtained in the sample treated with U3 isolate and 1 molar calcium chloride, but negative control treatments
(non-bacterial and non-cementation) as well non-microbial but with cementation solution treatments were 0 and
97.0 MPa, respectively.

Conclusion: The amount of soil wind erosion was zero in MICP treatment with the wind tunnel speed 25 m/s
that indicates very important effects MICP to control wind erosion of sandy soils to compare control treatments
(non-bacterial and non-cementation and non-microbial but with cementation solution) in high wind speeds. The
application of MICP treatment in the soil, in addition to increasing its wind erosion resistance, also increased
penetration resistance in the soil. Increasing the penetration resistance of MICP treatments (including five
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isolated and Bacillus pasteurii) can be due to the activity of bacterial isolates, chemical interactions, and the
formation of calcium carbonate precipitation into soil cavities, which causes to form a hard layer in soil. Also,
obtained resistance by using isolated bacteria indicates that there are many unknown microorganisms that can
carry out MICP better than Bacillus pasteurii and probably they will be better compatible and establish because

they are native.
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