
Hydraulic properties and wood density of Norway 
spruce wood estimated by Fourier transform near 

infrared spectroscopy (FT-NIR) 
 

Luss, S.a, Rosner, S.b, Gierlinger, N.c and Schwanninger, M.d 

 

a Institute of Wood Science and Technology, University of Natural Resources and Life Sciences, Vienna, Austria 
b Institute of Botany, University of Natural Resources and Life Sciences, Vienna, Austria  
c Institute for Building Materials, ETH Zürich, Switzerland 
d Department of Chemistry, University of Natural Resources and Life Sciences, Vienna, Austria  

Introduction 
 

Classical methods to determine hydraulic parameters of trunk-wood 
are very time consuming, labour intensive and prone to errors. The 
aim of this study was to investigate if the assessment of hydraulic 
vulnerability and wood density of Norway spruce (Picea abies (L.) 
Karst.) wood by means of FT-NIR spectroscopy is possible. FT-NIR 
spectroscopy is a reliable, rapid, easy to use and non-destructive 
method1. FT-NIR- Partial Least Squares Regression (PLS-R) models  
for P50, defined as the pressure causing 50% loss of conductivity, 
RWL50, the applied air pressure necessary to cause 50% loss of 
relative water content, and wood density2 at equilibrium moisture 
content at 21°C and 60% relative humidity (RH) were developed. 
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Material and Method 
 

Wood bole segments from 24-year-old Norway spruce trees grown in 
southern Sweden were taken at breast height. After the reference 
experiments3 on 147 samples (Fig. 1a), 6 mm x 6 mm x 6 mm wood 
cubes (n = 1126) were produced for FT-NIR measurements. The 
wood cubes were stored at 21°C and 60% RH for at least 7 days. 
4504 NIR-spectra from the radial and axial (transverse) surfaces, 
respectively, were collected with a Multi Purpose FT-NIR Analyzer 
(Bruker, Germany) (Fig. 1b). Measurements were taken within the 
wavenumber range from 3600 to 12000 cm-1, with zero filling 2,     
16 cm-1 spectral resolution and 50 scans per spectrum. For the PLS-R 
models, the spectra of the specimen belonging to a sample were 
averaged for the 147 samples. Fig. 1 describes the steps from the 
assessment of the reference data until the development of the PLS-R 
models. To obtain a low root mean square error of cross-validation 
(RMSECV) and a high coefficient of determination (r2) for each 
parameter, different combinations of pre-treatments and 
wavenumber ranges were investigated.   

Results 
 

For the parameters, P50 and RWL50, the PLS-R models for the axial 
surfaces showed lower RMSECV and higher r2 than the ones from the 
radial surfaces. Wood density models showed however a lower 
RMSECV and a higher r2 on the radial surface compared to the axial 
surface. The selected combinations of pre-treatment methods and 
wavenumber ranges are shown in Fig. 1c. PLS-R models for P50, 
RWL50, and wood density are presented in Figs. 1d-f. The RMSECV of 
the PLS-R models are 0.12 MPa for P50, 0.2 MPa for RWL50 and     
0.02 g/cm3 for wood density. 
 
 
Conclusion 
 

Acceptable PLS-R models could be obtained for RWL50 and wood 
density. The preliminary results of the P50 model - the RMSECV and 
the r2 - are not satisfactory, and on-going investigations will show if 
this model can be improved. 
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Fig.1 Procedure for the development of PLS-R models 
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