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Abstract:

Progress made in the design of spectrometric equipment but also in the processing of associated spectral data has
democratized the use of spectrometry for experimental acquisitions. In agronomy, spectral data has thus
demonstrated its value for disease detection (Mahlein et al., 2012) or even for crops monitoring (Ecarnot et al.,
2013; Mahajan et al., 2016; Vigneau et al., 2011). Consequently, spectral data are expected to increasingly be
associated with experimental designs. An experimental design is designed to study the variables involved, called
factors. In agronomy, these factors can be genotype, treatment or time. An experimental design allows as well,
to separate and evaluate the effects of these factors on variance (Kirk, 1982) with a minimum of experiments.
Especially for multivariate data where all sources of variability may affect conclusions (Massart, 1997).

Lately, chemometrics methods have been developed to analyze multivariate data fully integrated to an
experimental design (Brereton et al., 2017). Initially used in metabolomics as NMR spectroscopy and
chromatography, ANOVA-Simultaneous component analysis (ASCA) (Smilde et al., 2005) and ANOVA-
Target-Projection (ANOVA-TP) (Marini et al., 2015) provide statistical significance of every factor and
information about their effect on the variability of the data. We are interested here in the use of these techniques
for the study of vegetation spectra associated with an appropriate experimental design.

In this presentation, we first discuss the assumptions involved in ASCA and ANOVA-TP. Then, we compare
these methods to analyze a dataset of 480 vegetation spectra where 10 genotypes of maize are confronted to 2
irrigation treatments. Spectra are acquired above the crops with a high-spectral resolution (256 bands) in the
range of 310 nm — 1100 nm. The obtained results confirm that both methods, with their own specificities, are
relevant to describe the influences of factors on the variance. ASCA and ANOVA-TP share many similarities
and provide the same conclusions concerning the significance of each factor. However some differences are
highlighted in terms of scores and loadings. Indeed, ASCA provides orthogonal loadings whereas ANOVA-TP
gives accurate estimation of between and within-class variance.
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