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Estimation of Soil Water — Salt Content and pH Value in Irrigation Districts
Based on CWT — Stacking Ensemble Learning Model
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Abstract: Accurate estimation of soil moisture, salinity and pH value is essential for soil and water
environment monitoring and sustainable land use in arid and semi-arid agricultural irrigation districts.
Taking farmland and other vegetation-covered areas in the Hetao Irrigation District as the research

objects, the first-order derivative, second-order derivative, continuum removal, standard normal variate

Wi H B : 2026 —06 —03 &1 H I 2026 —07 —04

BEEWE: FRARPAES B KREDH I A B4 1 ASCRITHE (U2443210) (N5 AR XBHE T3 H (2025 YFHHO166 ) 174 52
AR IX A ARRERESTE (2026 MS0804)

EE T 57 (1973—) , 55, 20, W AE 0 ) E 2N S 7K 5 4K R & BB AR BESE , E-mail : nmglrp@ 163. com



220 11

gV 4. KT CWT — Stacking £ i02F I R A HE X 3987k 55 A0 pH (A A

95

and continuous wavelet transform ( CWT) were adopted to preprocess raw spectra and enhance features.
Five base learners, including PLSR, SVM, RF, XGBoost and LightGBM were selected, and three
ensemble strategies of Stacking, Voting and Bagging were combined to construct comprehensive estimation
models for soil moisture, salinity and pH value. The results showed that continuous wavelet transform
performed the best in removing high-frequency noise and highlighting local features, with an applicability
score of 4.7, which greatly improved the sensitivity of spectral data to soil moisture, salinity and pH
value. Compared with single models, ensemble learning strategies effectively reduced the risk of
overfitting and enhanced the generalization ability of models. Among all strategies, Stacking achieved the
best overall performance, and the coefficients of determination R* of the training sets for soil moisture,
salinity and pH value were increased by 4.9% , 4.7% and 5.1% , respectively. The optimal model
constructed by CWT — Stacking realized high-precision estimation of soil moisture, salinity and pH value.
The R’ of the validation sets reached 0. 85, 0.89 and 0.82, and the corresponding root mean square
errors (RMSE) were 2.26% , 0. 61g/kg and 0. 30, respectively. The combination of advanced spectral
transformation technology and complex ensemble learning algorithms can provide a high-precision and
feasible technical means for the dynamic monitoring of large-scale soil health in arid and semi-arid
regions.

Key words: soil water, salt content, and pH value estimation; ground object spectral; ensemble

learning; spectral transformation; Hetao Irrigation District
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Fig.7 Correlation coefficient matrix of spectral reflectance with soil moisture, salinity, and pH value (farmland)
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Fig. 8 Correlation coefficient matrix of spectral reflectance with soil moisture, salinity, and pH value (other vegetation)
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