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Impact of Biochar—Straw Interlayer Synergistic Improvement on
Water Infiltration Processes in Saline—Alkali Soil
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Abstract: [ Objective ] This study investigates the effects of synergistic improvement measure of biochar and straw
interlayer (surface soil biochar application combined with a straw interlayer beneath the plow layer) on water
movement patterns in saline-alkali farmland soil of arid regions. This will provide a scientific basis and technical
references for the rational regulation of water movement processes in saline-alkali soil of the Hetao Irrigation Area.

[Methods] Using vertical soil column infiltration experiments, this study established treatments combining straw
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interlayer with biochar application at rates of 0.5% (SC0.5), 2.5% (SC2.5), and 7.5% (SC7.5), with the
treatment without biochar or straw interlayer (CK) serving as the control. The variation characteristics of soil
water infiltration processes and infiltration model parameters under different combinations were systematically
analyzed. [ Results] 1) In the surface soil with biochar application alone, both the wetting front depth and the
cumulative infiltration amount decreased gradually as the amount of biochar added increased over the same period.
At 60 minutes, the SC0.5, SC2.5, and SC7.5 treatments showed reductions of 3.49%, 6.97%, and 10.41% in
wetting front depth and 7.75%, 8.88%, and 15.50% in cumulative infiltration, respectively, compared to CK.
The wetting front exhibited a "stagnation-fluctuation" dynamic characteristic when passing through the straw
interlayer. The average advancement rate of the wetting front in the transition zone above the soil-straw interlayer
interface decreased by 9.10% —45.45% compared to CK. Additionally, the infiltration rate fluctuated when
passing through the straw interlayer. 2) The synergistic effect of the biochar and straw interlayer was influenced by
biochar application rates, exhibiting a threshold effect, likely ranging from 0.5% to 2.5%. Overall, the SC0.5
treatment demonstrated the optimal performance in increasing the total cumulative infiltration, which was 16.88%
higher than that of CK. However, it also slowed down the wetting front movement, increasing total infiltration
time by 22.22% compared to CK. 3) Both the Kostiakov and Philip models effectively simulated the water
infiltration process in saline-alkali soil. The Kostiakov model exhibited higher simulation accuracy, while the
Philip model could explain the soil infiltration mechanism in terms of the physical significance of the parameters.
These two models exhibited complementarity in analyzing the soil water movement process under the synergistic
improvement of biochar-straw interlayer. [ Conclusion] The effect of the biochar-straw interlayer synergistic
improvement on soil water infiltration is affected by biochar application rates. Among the treatments, SCO.5
treatment demonstrated the best comprehensive performance in slowing down the wetting front movement and
increasing cumulative infiltration. This study can provide theoretical guidance and technical support for the
improvement of moderately to severely saline-alkali farmland soil in the arid regions of northwestern China.
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