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Fig. 4: Raw soil spectra for each moisture tension treatment group, DRY: n=75, others: n=25

II.  EXPERIMENTAL SETUP / MATERIAL & METHOD
75 soil samples  (DRY) + 25 out of those 
adjusted to water contents corresponding 
to moisture tension levels at permanent 
wilting point (PWP), field capacity (FC) 
and nearly water saturated (SAT) -> total 150

Soil data -> conventional laboratory methods 
[e.g. soil texture see Fig. 2, GWC see Fig. 3]

Reflectance measurements with: 
 Spectral Evolution PSR 2500 [see Fig. 1]

- 56 viewing angles (incl. nadir) 
- Wavelength range 350-2500 nm, spectral resolution 1 nm

Spectral pre-processing and statistical analysis in R: 
Prediction of various soil properties using Principal Component Regression (PCR) and 
Partial Least Squares Regression (PLSR)

Fig. 3: Boxplot gravimetric water content per treatment group

Fig. 2: Soil texture triangle, based on WRB 2022

III.  RESULTS

➔   The raw spectra [see Fig. 4] show an overall decrease in reflectance with increasing water 
 contents, with water absorption bands (~1400nm, ~1900nm) becoming more    
 pronounced. The effect of soil moisture on the spectra appeared highly uniform   
 within a treatment group despite significant variations in gravimetric water content.

➔ Spectra of soils with low water holding capacity were more sensitive to changes in 
 water content as opposed to soils with high water holding capacity. The largest change 

in reflectance occurred between air-dry soils and soils at field capacity level [note y-axis].

➔ Prediction models [Train: dry + wet spectra, Test: dry + wet spectra]:
  - Soil organic carbon (SOC), clay content and pH models showed moderate to    

  good performance [see Fig. 5, PLSR results comparable to PCR results shown]

  - CaCO3 prediction appeared challenging, main difficulty -> zero values!
  - Similar performance of soil property prediction results across the different    

  moisture tension levels

➔   Positive effect of rewetting (especially to FC level) for the prediction of some soil 
properties observed, e.g. clay content.

 

IV. CONCLUSION & OUTLOOK

➢ Plant cover / organic residues ➢ Topography / surface roughness  ➢ Soil heterogeneity and spatial resolution?
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ESTIMATING SOIL PROPERTIES UNDER DIFFERENT MOISTURE 
CONDITIONS USING VIS-NIR-SWIR REFLECTANCE SPECTROSCOPY
 

I. BACKGROUND
Vis-NIR-SWIR is referring to a wavelength range of 400-
2500 nm on the electromagnetic spectrum. Vis-NIR-
SWIR reflectance spectroscopy is based on the 
principle that the reflectance of a material, such as soil, 
depends on its physical, chemical and structural 
properties, resulting in a unique spectral signature.1 The 
key advantages of this method over traditional wet 
chemistry methods are the low costs, rapid and non-
destructive measurements as well as the possibility of 
simultaneous assessment of multiple properties.2 
However, unknown soil moisture contents in the field 
are frequently stated as one of the key challenges for 
this method.
➔ Aim of this study: Assessing the performance of 

   soil property prediction models using hyperspectral 
  reflectance data of agricultural soils influenced by 

   various moisture contents.

The results show that unknown soil moisture can be dealt with if this variation in the data is accounted for in the training of prediction models 
and can even be beneficial for estimating certain soil properties. Whether or not the performance of these models is satisfactory needs to be 
interpreted in the context of their intended use. The method holds a lot of potential to support large-scale monitoring of soil health (e.g. 
Directive on Soil Monitoring and Resilience3), nevertheless, there are still a few challenges to overcome especially when moving from the lab into 
the field:2 

Fig. 1: Experimental setup
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RMSE = Root Mean Squared Error, RPIQ = Ratio of Performance to InterQuartile Distance

Fig. 5: PCR prediction results for SOC, clay, pH and CaCO3, data shown = test data 
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