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Introduction

One of the challenges of agronomy in the 21% century is to increase the productivity per land surface unit while
reducing the use of chemical inputs. One way to reach this goal is to cultivate different plant species together.
Winter wheat and peas cultivated in association showed promising results in temperate areas. This association
allows reaching a good land equivalent ratio, reducing the use of nitrogen fertilizers and obtaining high quality
harvests (Pierreux et al., 2014, 2016). To understand these results, probably explained by the transfer of nitrogen
from nodules of legumes to wheat, studies at root level with quantification of nodules are required.
Quantification of nodules based on visual counting is time consuming. Furthermore, roots of peas and winter
wheat cannot be easily separated by visual observation or by image analysis. In this study, near infrared
hyperspectral imaging (NIR-HSI) is tested as a rapid method to quantify the amount of nodules and roots of
each plant species in soil samples collected during growing period under associated crops of winter wheat and
peas.

Materials and Methods

In order to study the ability of NIR-HSI combined with chemometric tools to discriminate and quantify nodules
and roots of wheat and peas, soil samples were collected from associated crops cultivated with different amounts
of nitrogen fertilization. Soil samples were washed to eliminate soil and the extracted elements were dried. They
were then scanned with a NIR hyperspectral camera positioned below a conveyor belt (Eylenbosch et al., 2014).
This camera measures, for each pixel, a NIR spectrum of 209 wavelengths (Fernadndez et al., 2012). These NIR
spectra were classified into five classes by use of a discriminant classification tree including four chemometric
models: the conveyor belt on which samples are laid (background), nodules, roots of peas and wheat and
residues of the previous crop (Figure 1). Based on the number of pixels predicted for each spectral class, the
amount of nodules and roots of each plant species can be estimated.
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Figure 1: Discriminant classification tree based on 4 SVM models and allowing the classification into five spectral classes of the NIR
spectra extracted from a NIR hyperspectral image.

Results and Discussion

Models are still in development but first results obtained show a very good discrimination between nodules and
roots of both plant species. By validating models on other spectra than those used for the calibration, they all
classified more than 93% of NIR spectra of nodules correctly. Applied on NIR images containing only nodules,
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models predicted on average the spectral nature of 95% of the pixels correctly and there were hardly any pixels
predicted as roots of peas or wheat (less than 2%). NIR spectra of wheat root were also well predicted by
models. In internal validation, at least 92% of them were correctly classified. Results obtained on NIR images of
wheat roots were lower than results of internal validation because some pixels were predicted as residues of
previous crop or peas roots; on average 84% of the pixels of wheat roots were well predicted. For NIR spectra of
peas roots, improvement of models is still needed because of the confusion between NIR spectra of wheat roots
and residues of the previous crop.

Conclusions

These preliminary results show once again the wide range of uses for NIR hyperspectral imaging combined with
chemometric tools. The discrimination and the quantification of nodules under associated crops will be very
useful not only to study the importance of nodules in fixation of nitrogen by legumes cultivated in association
but also the effect of fertilization on these crops.
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