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Existing decision support system could be improved in terms of N fertilizer recommendations by taking into account the spatial and temporal variability in the soil and crop, especially at the within field scale. Remote sensing represents a great opportunity to consider the within field heterogeneity. One of the aspects is the characterization of the spatial heterogeneity in terms of soil and plant characteristics or state variables. In the frame of an experiment devoted to precision farming and more specifically to N fertilization, a methodology to estimate some crop biophysical variables from remote sensing information is proposed. We are especially interested in estimating the green leaf area index (GLAI), which characterizes the crop growth, and the chlorophyll content of the green foliage (Cab), which characterizes the crop nitrogen (N) status. The method consists in estimating these biophysical variables from spectral radiometric measurements, by inverting a radiative transfer model. The methodology was developed at local scale, for 6 levels of nitrogen fertilization, and upscaled at the field scale.

The study was conducted on a winter wheat field. Six test-sites (20 m x 10 m) were supplied with different fertiliser N rates : 0, 60, 120, 180, 240 and 300 kg/ha. The rest of the field (10 ha) received 240 kg N/ha, in 4 applications. Biological and radiometric measurements were performed both over the testsites and the whole field. An airborne spectro-radiometer (CASI) was used to measure spectral reflectances of the whole field with a 2 m spatial resolution and a 3 nm spectral resolution, in optical domain (350-1050 nm). The GLAI was estimated using a LAI 2000 and the crop N status with a N-tester equipment on 22 points spatially distributed on a grid over the whole field. A hand-held radiometer having the same technical characteristics than the airborne sensor was used to measure ground-based canopy spectral reflectances in the 6 test sites. The GLAI and the crop N status were also measured. Moreover, destructive measurements were performed at each flight day in order to determine the 'true' values of GLAI and chlorophyll content in each test site. A canopy radiative transfer model (SAIL) was coupled to a within-leaf radiative transfer model (PROSPECT) to retrieve GLAI and Cab from spectral reflectances, using soil reflectances parameterized versus measured soil moisture as model inputs.

This work was conducted in two steps. The first step consisted in the parameterization of empirical relationships and the calibration of the radiative transfer model using the test sites data. Destructive measurements were used to calibrate LAI 2000 and N-tester. Empirical relationships were built: i) between LAI2000 measurements and 'true' GLAI, ii) between N-tester values and 'true' chlorophyll contents. The radiative transfer model was calibrated by adjusting unknown model parameters such as mean leaf angle and minimizing the difference between simulated and measured variables on the 6 test sites. The second step consisted in extrapolating the method elaborated on the test sites to the whole field and validating it. We used the calibrated radiative transfer model to estimate GLAI and Cab over the field from airborne radiometric measurements. The results are maps of GLAI and Cab obtained with a 2 m spatial resolution. A comparison was performed in terms of GLAI and Cab on the 22 grid points.