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Introduction:In agricultural research studying the effect of tillage, quantification of roots and straw residues in soil is very important in order monitor the development of root systems and 

the decomposition of crop residues. Current methods need to wash the soil cores to extract individual elements (roots and straws), then to manually separate and to weight them (Cheng, Cole-

man et al. 1990, Picon-Cochard, Pilon et al. 2008). These methods are time consuming and dependent of the operator. The use of Near Infrared (NIR) combined with Hyperspectral Imaging and 

chemometric tools has been proposed in this study in order to cope with such problems. Hyperspectral Imaging provides simultaneously spectral and spatial information. Appropriate chemomet-

ric tools allow predictions of key parameters based on infrared spectra of each pixel of the image. NIR spectra can be directly linked to chemical nature of sample constituents (Dale, Thewis et al. 

2012, Fernández Pierna, Vermeulen et al. 2012)  

Materials and methods: 
 

Sample treatment and spectra selection 
 In this work, particular interest is put in the discrimination of wheat roots and straws in soil. A spectral library has been built including samples 
of background (conveyor belt and sieve on which samples were laid), soil, wheat roots and straw. In total, 16 samples of straw, 12 of roots, 5 of 
soil and 5 different sieves were used. Roots and straw were washed and dried before image acquisition. Soils samples were dried and grinded 
with mortar and pestle.  A library including thousands of spectra has been built and a reduced data set of 1000 spectra was selected in each class 
taking into account spectral variability and was used for calibration.  
 
NIR hyperspectral imaging system 
 NIR hyperspectral images were collected using a hyperspectral line scan instrument combined with a conveyor belt (Burgermetrics). The im-
ages consisted of lines of 320 pixels acquired at 209 wavelength channels (1118-2425 nm) with a spectral resolution of 6.3 nm.  
 
Model construction 
 To separate the different constituents (soil, roots and straws), a dichotomist classification tree based on successive PLS-DA (Partial Least 
Squares Discriminant Analysis) models was constructed: the first model discriminates background (conveyor belt and sieve) from the rest; the 
second one separates soil from straws and roots and the last one discriminates straws from roots. All models have been constructed using the 
absorbances from 1432-2368 nm range in order to avoid noisy region.  
 
Model validation 
 To test the individual dichotomist models, a second data set (test set) including 500 spectra of each class was created.   
 
Predictions 
 Then, the final models can be applied to images including mixtures of the classes. Thanks to the spatial information provided by the Hyper-
spectral system, the predicted class of each pixel can be indicated by assigning one color by class.  

Results 

 
Model validation 
 

 

 

 

Prediction 

Conclusion 
This work has permitted to detect, based on the NIR spectra, the presence of the different constituents (roots and straws) in a sample of soil, which is the first step before a possible quantification 

of each of them. In order to quantify these constituents in a sample of soil, further research has to be done to link the number of pixels detected on the NIR images as belonging to a certain class 

to the corresponding weight of the constituent in the sample. This work is an important step in order to easily follow root development and organic matter decomposition in soil.  
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Figure 1: Path to follow in case of prediction on a new sample. From bottom to 
down: sample on conveyor belt, NIR acquisition by a hyperspectral system, NIR 
image, discrimination models and prediction on unknown images.  
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