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Background and Objectives: Soil is a reservoir of millions of
microorganisms, most of which have beneficial effects on agriculture, soil
health, and protection against erosive forces. Some soil bacteria produce
the enzyme urease, which, by altering the concentration of hydrogen ions
and producing bicarbonate ions in the presence of calcium, leads to the
precipitation of calcium carbonate. Biotechnological methods can be used
to increase soil resistance against wind forces. In this study, the ability of
two bacteria, Enterobacter cloacae and Corynebacterium glutamicum, to
produce urease and their effectiveness in increasing soil resistance and
reducing wind erosion were investigated.

Materials and Methods: Sandy soil was collected from a critical wind
erosion area in southeast Ahvaz and placed in trays with dimensions
of 50x30x3 cm. Fresh cultures of each bacterium, E. cloacae and
C. glutamicum, were separately centrifuged, and the microbial cells were
formed into pellets. The supernatant was discarded, and the microbial cells
were re-suspended in physiological saline. The bacterial suspension was
sprayed onto the trays containing treated soil to achieve a bacterial
population of 5x10°% CFU/g. Different molar ratios of the chemical solution
(urea: calcium chloride, including 1:1, 1:2, and 1:3) were sprayed onto the
soil surface. The experiment was conducted in a factorial design within a
completely randomized design. The factors included different levels of
urea: calcium chloride (no urea and calcium chloride, 1:1 ratio, 1:2 ratio,
and 1:3 ratio) and bacterial inoculation (no bacteria, a mixture of the two
bacteria, E. cloacae, and C. glutamicum). The samples were maintained
under environmental conditions with 70-75% moisture content for 60 days.
Before measurements, the soil samples were dried at room temperature.
Some soil properties, including soil loss in a wind tunnel, erodible fraction,
mean weight diameter (MWD) of soil aggregates, penetration resistance,
and shear strength were measured.
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Results: Both bacteria were capable of producing urease. The results
showed that the interaction between bacteria and the urea: calcium chloride
ratio had a significant effect on the measured characteristics. The lowest
soil loss in the wind tunnel was observed in the treatment with the mixture
of both bacteria, followed by E. cloacae with the application of a urea to
calcium chloride ratio of 1:2. The highest soil loss was recorded in the
treatment without bacterial inoculation and without adding urea and
calcium chloride. The mean weight diameter (MWD) of soil aggregates in
the treatment without bacteria, with C. glutamicum, E. cloacae, and the
mixture of both bacteria at a 2:1 urea to calcium chloride ratio were 1.04,
3.79, 3.34, and 3.90 mm, respectively. The lowest erodible fraction in the
treatments without bacteria, with C. glutamicum, E. cloacae, and the
mixture of the two bacteria at a 2:1 urea to calcium chloride ratio were
98.7%, 82.68%, 86.92%, and 81.47%, respectively.

Conclusion: The results showed that using a mixture of the two bacteria or
using E. cloacae with a 1:2 ratio of the urea: calcium chloride cement
solution helped increase soil resistance against wind erosion. The increase
in soil penetration resistance and shear strength with the treatments is likely
due to the lower amount of the erosion-sensitive fraction and the larger
MWD in the soil.
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Table 1. Some characteristics of the studied soil.
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Figure 1. The urease production test by E. cloacae and C. glutamicum.
The color change from orange to pink indicates urease activity.
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Table 2. Mean square of treatments effect on some physical properties of soil.
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Figure 2. Mean comparison of the interaction effect of bacteria and different ratios of urea: CacCl, on soil loss.
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 3. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on
penetration resistance of soil.
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 4. Transmission Mean comparison of the interaction effect of bacteria and different ratios of urea:
CaCl, on shear resistance of soil.
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 5. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on mean
weight diameter of aggregates (MWD).
Columns with the same letters are not statistically different at the 5% level.
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Figure 6. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on erodible
fraction (EF).
Columns with the same letters are not statistically different at the 5% level.
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