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Fig. 4 [Estimation models for soil salt content under the condition of moisture interfered
(a): PLSR modeling result; (b): PLSR validation result; (c¢): PDS-PLSR modeling result;
(d): PDS-PLSR validation result; (e): OSC-PLSR modeling result; (f): OSC-PLSR validation result
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Study on Soil Salinity Estimation Method of “Moisture Resistance” Using
Visible-Near Infrared Spectroscopy in Coastal Region

YANG Han, CAO Jian-fei* , WANG Zhao-hai* , WU Quan-yuan
College of Geography and Environment, Shandong Normal University, Ji’nan 250014, China

Abstract Rapid and accurate monitoring of soil salinity in the coastal regions are of great significance to the rational use and
protection of land. Visible-near infrared spectroscopy has been widely used for the efficient estimation of soil properties.
However, the interference of soil moisture on the spectrum decreases the estimation accuracy of traditional soil salinity estimation
models. This paper aimed to explore the capacity of piecewise direct standardization (PDS) and orthogonal signal correction
(OSC) in estimating the soil salt content under the condition of moisture interferedand establishing “moisture resistance” Vis-
NIR models in the coastal saline regions. To this end, 114 soil samples were collected from the Yellow River Delta (0~20 cm)
and divided the data into a modeling dataset (17 samples) and a validation dataset (127 samples). A control rewetting process
obtained the soil spectral of the modeling dataset with 10 moisture content levels (0% ,1%, 5%, 10%, 15%, 20%, 25%,
30%, 40% and 50%). The soil spectral of the validation dataset was measured after a fully randomized trial, according to the
generated 1~50 random integer. The modeling strategy combining PDS and OSC with partial least squares regression (PLSR)
was proposed to build soil salinity estimation models. These models were validated and compared. Results showed that OSC was
more effective than PDS in reducing modeling interference of moisture content in soil salinity estimation. Specifically, all of the
PLSR models generated before and after spectral correction have achieved a certain level of success in soil salinity estimation (R}
=0.79~0.91, RMSEp =2.6~3.98 g » kg '» RPD=1.98~2.37). Compared with PLSR (R:=0.86, RMSE, =3.02 g
kg ', RPD=2.21), OSC-PLSR could effectively improve the soil salinity estimation accuracy with Rp =0.91, RMSE, = 2. 6
g+ kg', RPD=2. 37, respectively. However, the PDS-PLSR model was not effective with R} =0. 79, RMSE;=3.98 g *» kg '
and RPD=1. 98, respectively. The representation order of the model was OSC-PLSR>PLSR>PDS-PLSR. Furthermore, the
analysis strategy of the variable importance in the projection (VIP) combined with Spearman correlation coefficients (r) were
used for exploring the estimative mechanism. The important wavelengths (VIP>>1) of the models overlap with the sensitive
wavelengths (|r[>>0.4), which is of great significance for the soil salinity estimation. In comparison, OSC-PLSR accurately
refines the wavelengths near 830, 1 940 and 2 050 nm that are important to the estimation model, while general PLSR and PDS-
PLSR contain much redundant information. Overall, the OSC-PLSR model has strong moisture resistance in Vis-NIR soil

salinity estimation, which provides feasibility for soil salinity study under soil moisture.
Keywords Vis-NIR spectroscopy; Soil salinity; Moisture correction; Orthogonal signal correction; Coastal saline region
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