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Abstract
Measuring plant bio-physiological parameters in a field can be expensive and time consuming. Vegetation indices, from proximal and remote sensing, could be used to estimate variables as well as to overcome the problem if entering in the rice paddies. This study aims to explore the potential of vegetation indices (i) to identify crop health or weed problems (ii) to assess Nitrogen content and Leaf Area Index (LAI) in rice crops. The study field was located in south Sardinia (Italy) , in a 35ha paddy field, it was divided in 9 sub-areas. The field was continuously flooded. The experiment was carried out on three rice variety: “Volano” and “Karnak” during 2010 summer and “Libero” and “Karnak” during 2011 growing season. In 2011, in one plot was, also, implanted “Carnise” variety. Preplant and topdressing fertilization was applied during both study years for a total of 200 kg N/ha. A time series of FieldSpec canopy reflectance data and multispectral satellite remote sensing imagery were acquired during both growing seasons.  Satellite images (acquired by BlackBrige, Berlin, DE) were characterized by a spatial resolution of 5 meters and 5 narrow bands (Blue, Green, Red, Red-Edge and NearInfraRed).  Inside each field plot 4 georeferenced sample points were selected. LAI and total nitrogen content measurements were performed in two dates, at about the same time of satellite images acquisition:  2010: 2th July, 28th July; 2011: 5th July, 28th July.
Total N was determined on the 30 uppermost fully expanded leaves, by using the Kjeldahl’s digestion method. Canopy LAI (LAI-2200, Li-Cor Inc.) varied between 1.68- 4.08 (min-max value) with a mean values of 2.49 on July 2nd and between 2.5-6.84 (min-max value) mean 4.36 on July 28th.  Thirty vegetation indices (VI) were computed in order to compare their performance in LAI and Nitrogen prediction. In 2010 growing season the CRM and MTCI (derived from new red-edge spectral band) proved to be the best predictors of green LAI (R2=0.72), while also the traditional CGM (R2=0.67) index showed a good linearly related to green LAI. 
The Pearson correlation coefficients between VIs and LAI were similar, or slightly higher at the first date than the second for some of the indices (CRM, MTCI and CGM). For other indices, such as NDVI, the correlation level with LAI slumped significantly at the second date (NDVI: Pearson coef. on 2July= 0.55; Pearson coef. on 28July=0.15). 
The Pearson correlation coefficients between VIs and N content were generally low on July 2nd for all Vis. The highest value (0.45) was reached by CCCI and NDRE/NDVI. On July 28th the correlation coefficients become higher than the previous date, about 0.64 for CCCI and NDRE/NDVI, while the EVI and GEMI indices showed the highest correlation coefficient with N content (0.73).
In 2011 growing season seedling density showed a noticeable variability due to a mechanical fault on broadcast sowing. The heterogeneity of seed density and the strong presence of weeds (despite the weeding control) caused the lack of correlation between LAI and vegetation indices since the beginning of the growing season. 

