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Abstract

Objective: In light of the major issue of soil salinization in oasis cotton fields using mulched drip irrigation
and the inadequacies of traditional monitoring methods, which are inefficient, highly interfering, and
unable to meet the demands of medium-scale, high-resolution dynamic monitoring, this study aims to
explore the possibility of utilizing Ground Penetrating Radar full waveform inversion in saline cotton fields.
Objective is to establish a complete set of methods that can allow for fast, non-invasive, and highly
accurate measurement of soil moisture and salt content so as to provide technical support for controlling

water-salt balance and sustainable use in arid farmlands.

Methods: The research adopts a technical method encompassing theoretical analysis, numerical simulation,
and field experiments. First, using the Hilbert transform, we get the instantaneous attributes of the GPR
data to form a Layer Boundary Fusion Index, so as to accurately identify the soil profiles in cotton fields
with different drip irrigation periods. Second, a 2D numerical model has been established by considering
the electromagnetic characteristics of saline soil and ordinary cotton field layout. A multi-stage hybrid
optimization FWI framework containing DE, CMA-ES and L-BFGS algorithms was proposed and
systematically examined for its suitability and stability under high-conductivity and high-noise
circumstances. Finally, GPR surveys and soil samples were collected from typical mulched drip-irrigated
cotton fields in Xinjiang. Stratification information was used to make structurally limited first models for
turning dielectric constant and electrical conductivity. In the lab calibration was done to establish
relationship among soil moisture content, salinity and conversion values and then inversion accuracy was

compared with actual measurement.

Results: Layer boundary recognition method using instantaneous attribute fusion has achieved an average
absolute error of 2.09cm in the 0-60cm depth range, and the relative error is between 1.78% and 16.60%,
which greatly improves the accuracy and continuity of the layered recognition in saline soil. Multi-stage
hybrid optimization FWI method shows good convergence and robustness in the numerical simulation
process, and it can achieve the SSIM value of 0.68-0.71 for electrical conductivity and 0.76-0.80 for
relative permittivity. Even when there was 25dB of noise, the performance of reconstructing the structure
dropped by no more than 15%, greatly reducing its reliance on the original model. From the field

application, it was observed that in the 16-year drip irrigated cotton field, the soil moisture was distributed



unevenly, and salts were accumulating at the wetting front. On the contrary, the 26-year-old field had a
more even moisture distribution, salt was washed away into lower layers, creating a desalinated stable
environment around the roots. The coefficient of determination R? between inversion result and borehole
measurement is 0.70~0.76 for water content, 0.69~0.73 for electrical conductivity, which proves the

reliability of this method.

Conclusion: The GPR full waveform inversion method based on structural constraints and multi-stage
hybrid optimization that has been developed in this research can successfully perform fast, non-destructive,
and high-resolution monitoring of soil water and salt in saline cotton fields. It does well in better cotton
fields where the soil isn’ t too damaged and there’ s not much salt around, it shows how water and salt
move over time when farmers use mulched drip irrigation for a long time. It gives new technical ways and
scientific reasons to control water and salt accurately and stop the danger of becoming salty in dry farming

land.

Key words: Ground Penetrating Radar; Full Waveform Inversion; Soil Water and Salt; Mulched Drip

Irrigation; Salinized Cotton Field
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