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Extended Abstract

Introduction

Improving soil mechanical properties requires sustainable materials, particularly in regions affected by wind
erosion. Khuzestan Province, Iran, experiences significant dust storms, making erosion control a pressing concern.
This study explores the potential of plant growth-promoting bacteria and biopolymers to enhance soil stability.
Chitosan and lignosulfonate were examined for their ability to protect sandy and silt-loam soils. Chitosan, a
positively charged biopolymer, strengthens soil by adsorption, film formation, and particle bonding, yet remains
underutilized in erosion control. Lignosulfonate, a negatively charged byproduct of the wood industry, improves
soil cohesion through metal ion coordination, offering an environmentally friendly stabilization method.

Materials and Methods

Soil samples with a sandy texture were collected from the surface layer of critical wind erosion zones in
southeastern Ahvaz (48°59'N, 31°12'E), while silty-loam textured soil was obtained from another location
(48°51'N, 31°4'E). The experiment followed a completely randomized design for each soil type. Six treatments
were applied: control (no treatment), bacterial inoculation with Enterobacter cloacae, calcium lignosulfonate (2%
w/v), chitosan (2% w/v), a combination of calcium lignosulfonate and bacteria, and a mix of chitosan and bacteria.
Metal containers (50 x 30 x 3 cm) were filled with 7-8 kg of soil, and bacterial suspension (1.5 x 10° CFU/ml)
was separately sprayed onto the soil surface. Chitosan dissolved at a concentration of 3% by weight in citric acid
and lignosulfonate in water were sprayed onto the soil surface. The samples were then stored for 60 days. A wind
tunnel was used to assess the impact of treatments on soil wind erosion. After the experiment, trays containing soil
samples were weighed using a digital scale, and the weight loss compared to the initial weight was recorded as
total soil loss. Soil penetration and impact resistance were measured, and aggregate stability was evaluated using
the dry-sieving method. Additionally, the erosion-susceptible particle fraction (EF) and the mean weighted
diameter (MWD) of aggregates were calculated.

Results and Discussion

The analysis of variance for silty-loam and sandy soils revealed a significant impact of the treatments on the
measured characteristics. Tukey's test confirmed notable differences among treatments in terms of penetration
resistance, impact resistance, mean weighted diameter (MWD), and erosion-susceptible fraction (EF) at the 5%
significance level. In silty-loam soil, the chitosan-bacteria treatment resulted in a 3.8-fold increase in penetration
resistance, followed by the lignosulfonate-bacteria treatment, which showed a 3.47-fold increase compared to the
control. Across both soil types, the penetration resistance increased by 2.85-fold relative to the control. Regarding
impact resistance, treatments with chitosan-bacteria, as well as lignosulfonate-bacteria, led to a reduction of 92%
and 72% in loamy-silty soil, respectively, while in sandy soil, the reductions were 61% and 67% compared to the
control. The MWD of soil aggregates increased significantly in response to chitosan-bacteria and lignosulfonate-
bacteria treatments. In silty-loam soil, these treatments enhanced MWD by 2.7 and 2.6 times, respectively, while
in sandy soil, the increases were 3.6 and 3.4 times compared to the control. The EF decreased across all treatments.
In silty-loam soil, the lowest EF values were observed in the chitosan-bacteria and lignosulfonate-bacteria
treatments, measuring 53.1% and 54.8%, respectively. In sandy soil, these values were slightly higher, at 62.9%
and 63.05%. The comparison of means revealed that soil loss in silty-loam soil was completely eliminated in the
chitosan-bacteria and lignosulfonate-bacteria treatments. In chitosan, lignosulfonate, and bacteria treatments, soil
loss decreased by 82%, 80%, and 69%, respectively, compared to the control. Similarly, in sandy soil, soil loss
was reduced by 87%, 86%, 74%, 73%, and 53% in the chitosan-bacteria, lignosulfonate-bacteria, chitosan,
lignosulfonate, and bacteria treatments, respectively. A positive correlation was observed between MWD and
penetration resistance, whereas negative correlations were found between MWD and impact resistance, EF, and
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soil loss in both soil types. Additionally, microbial biomass carbon increased across treatments, with the highest
values recorded in the chitosan-bacteria treatment—2.7 times higher than the control in silty-loam soil and 2.9
times higher in sandy soil.

Conclusion

The findings indicate that integrating chitosan or lignosulfonate with E. cloacae significantly improved soil
resistance to wind erosion compared to the control. These treatments enhanced penetration resistance and MWD
while effectively reducing EF and soil loss. In particular, beneficial microorganisms and lignosulfonate offer
practical benefits, as they can be easily applied using spraying equipment. However, further field studies are
necessary to facilitate large-scale implementation.
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Table 4 Comparison of the properties of two soil types using a paired T-Test.
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