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INTRODUCTION: In rainfed Mediterranean environments of Central Chile, alfalfa cultivars from Australia and 

USA have exhibited high productivity and allowed to extend the growing season into early summer and autumn 

(del Pozo et al., 2017). The selection of genotypes of high yield potential and persistence after long period of 

drought (4-6 months) is a major objective for alfalfa breeding programs in Mediterranean environments. Remote 

sensing could help to evaluate physiological and productivity traits in alfalfa germoplasm under water deficit 

conditions and facilitate and speed-up alfalfa breeding programs. Spectral reflectance or the spectrum of energy 

reflected by the plant is closely associated with absorption at certain wavelengths that are linked to specific 

characteristics or plant conditions. The spectral VIS-NIR (350–2,500 nm) signature can be related to physiological 

and agronomic traits using spectral reflectance indices (SRIs) and multivariate regression models (Garriga et al., 

2017). 

OBJECTIVES: the aim of this work was to assess the feasibility of using spectral reflectance data to estimate 

physiological and productivity traits in alfalfa under rainfed conditions. 

MATERIALS AND METHODS: A set of nine varieties of alfalfa from Australia and USA were assessed in four 

locations in the Mediterranean central-south Chile, between 2012 and 2014. The four sites differ in their 

Mediterranean type climate, annual rainfall and soil type. At each season several physiological and productivity 

traits were evaluated. Some of them were assessed at different times during the growing season such as dry 

matter (DM), stomatal conductance (gs), water potential (WP) and leaf area index (LAI), and others one time, at 

the end of the growing season (December-January), such as nitrogen content (N) and isotope composition (δ13C 

and δ18O) of the dry matter. The spectral reflectance assessments were carried out three times along the 

experiments, October 2013 and at the end of the growing seasons 2013 and 2014, using a FieldSpec 3 (ASD, 

Boulder, CO, USA) spectroradiometer. Spectral data was used to estimate the traits assessed at these three 

times, through SRI and four multivariate regression methods: Principal Components Regression (PCR), Partial 

Least Square Regression (PLSR), Ridge Regression (RR), and Support Vector Machine Regression (SVR). All 

models were validated by 10-fold cross-validation (10xCV) and their performances evaluated by the coefficient of 

determination (R2). 

RESULTS: The estimation of each trait was variable between assessment times regardless of the prediction 

method. For the SRI-based estimations, the R2 values for each assessment time were lower than 0.65. 

However, in traits like LAI, WP, gs and N the R2 values were higher when the data of the different assessments 

were combined. In general, regression-based estimation showed similar or higher power prediction (coefficient 

of determination) than SRI- based ones. The highest R2 values were for δ13C (0.78 and 0.65 in 2013 and 2014, 

respectively), but for most traits, the combination of data from different assessments led to higher trait 

estimation; for examples, the R2 values for LAI, DM, WP and gs were 0.67, 0.75, 0.63 and 0.85, respectively. 

Among regression methods, the best estimation were achieved by using SVR and to a lesser extent with RR. 

CONCLUSIONS: Although more studies are needed, the use of spectral reflectance data collected at field level 

and multivariate regression models has a great potential to estimate physiological and productivity traits in 

alfalfa under water deficit and could be useful in alfalfa breeding programs. 
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