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Abstract

Farmstar -Rapeseed is a decision support system developed in France by Infoterra France and Cetiom, based on satellite data
to estimate the optimum economical amount of nitrogen (N) fertilizer for a winter rapeseed crop in each field and in each point of
the field. The fertilization rate is calculated using a simplified previsional N balance method fitted to the rapeseed crop. This
method takes into account several parameters including the N amount in the whole plants at the beginning and at the end of the
winter which can be very variable for this crop (about 30 to 200 kgN/ha). This N amount in the whole plants is difficult to measure
for the farmers. Cetiom has developed a method to estimate it from the fresh matter weight of aerial part (FMW) which is easier to
measure in the field. Nevertheless, only few farmers weigh their rapeseed plants. A model has been developed to estimate the
FMW from satellite data at the field scale. For this purpose, a radiative transfer model is used to derive from the reflectance the
Leaf Area Index (LAI). This information is later transformed in FMW by a specific relationship depending on the architecture of
the plants, the spacing between seedling rows and the mass per area unit of the leaf limbs. All the Farmstar-Rapeseed products are
based on this relationship. For each campaign, a network of fields managed by Cetiom is used to weigh the FMW in order to
monitor the quality of the relationship. Farmstar-Rapeseed has been marketed during the last 4 years. In 2006, Farmstar-Rapeseed
made it possible to advise producers on 80 000 ha of rapeseed crop in France and to improve the way they manage the N
fertilization at the field scale. This represents a much higher penetration level than any other decision support system for rapeseed
N fertilization developed in the past. Another interest of this method is that being based on satellite data, thus in coordinates system,
it allows to modulate the N fertilizer amount inside the field, depending on the crop heterogeneity.
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Introduction

In France, the decision support system used to manage the winter rapeseed mineral nitrogen (N) fertilization in spring at
the field scale is based on the simplified previsional N balance method (Comifer, 1996 ; Reau and al., 1995). Its principle is
to equilibrate the foreseeable N requirement of the crop and the quantity of nitrogen available for the crop in the soil. It
amounts to solve the following equation:

F=(bxY)+Rf-Nh-Rh-M, where:

- F is the rate of nitrogen coming from the mineral fertilizer amount (kg N/ha) ;

- b is the N requirement of the crop : total N content of the crop (aerial + root parts) in kg/ha per t of harvested seeds ;

- Y is the yield goal (in t/ha for seeds at 9 % of moisture and 2 % of impurity);

- Rfis the N mineral content of the soil (kgN/ha) at harvest;

- Rh is the N mineral content of the soil (kg N/ha) at the time of the growth recovery at the end of winter;

- Nh is the total N content of the crop (aerial + root parts) (kg N/ha) at the end of winter;

- M is the net N mineralization (kgN/ha) in the soil between the end of the winter and the harvest (coming from the
humus, previous crop residues and possible amounts of organic products ...).

The total N content of the plants is often neglected in other crops, but it cannot be the case for the rapeseed because it
varies frequently from 50 to 100 kg N/ha, but can spread from 20 to more than 150 kg N/ha, depending on the seedling date,
the climate during the autumn and winter period, the water and N availability... Consequently, the total N content of the crop
is variable over the years and between fields and even inside each field.

One of the characteristics of the rapeseed crop is that it may lose a more or less big part of its leaves during winter after
frost periods. The greater the total N content in the plant, the more the leaves fall. This loss of leaves can represent more than
50 kg N/ha. The N contained in these fallen leaves is rapidly mineralized in the soil. It is considered that about 50% of the N
content of these fallen leaves are absorbed again by the rapeseed crop during the following of its growth. In these situations of
strong leaf losses this N amount is taken into account in the calculation of the N fertilizer rate, by considering as income data
of the equation for Nh, the mean of the total N contents at the beginning (before the first frost period) and at the end of the
winter.

The total N content of the crop at the beginning and at the end of winter are the more variable parameters of the equation.
This is why it is recommended to measure them in the fields. However, in practice, the farmers cannot carry out this
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measurement which requires to dry the plants and to determine the N content (% of dry matter) in a laboratory. Cetiom studies
show that the fresh matter weight of rapeseed aerial part (FMW) is well correlated with the total N content (aerial + root parts).
The total N content (Nh) can be estimated with the following equation: Nh (kg N/ha) = FMW (kg/m?) x C, C varying from 65
to 75 depending on the region. This estimation method (FMW weighing on some m?) of the total N content is recommended
to farmers. Nevertheless, it often remains too constraining. The spatial variability at the field scale raises also a problem: to
take it well into account would require to make a lot of FMW measurement in the different areas of the field and to calculate
the N fertilizer rate specific to each area. Most often, the farmers measure the FMW in the homogeneous area of the field
which represent its greater part, then only one N fertilizer rate is calculated and applied to the whole field.

In order to release the farmers from making these measurements in their fields, and to be able to modulate the N fertilizer
rate inside the field, depending on the total N content heterogeneity, Infoterra France and Cetiom have developed a model in
order to estimate the rapeseed FMW at the field scale, using remote sensing data from satellites.

Material and methods

The first step assumed by Infoterra France is the retrieval of the Green Leaf Area Index (GLALI) of the crop canopy from
satellite reflectance data using a Crop Canopy Reflectance Model (CCRM). After the initial pre-processing that provides
geo-corrected and radiometrically corrected data (radiance data), the core part of the processing is the “biophysical processing”,
i.e. the generation of biophysical information (GLAI) from the remote sensed data. It is based on a reflectance modeling
approach, and implements the coupling of a crop canopy reflectance model with an atmospheric model. The crop canopy
reflectance model is a SAIL + PROSPECT model. PROSPECT is a generic model of the leaf transmittance /reflectance
(Jacquemoud & Baret, 1990), and SAIL computes the overall crop canopy reflectance using the leaf properties and global
parameters to describe the canopy structure (Verhoef, 1984). The model applied for atmospheric correction is MODTRAN.
Using this overall vegetation/atmosphere model, fast inversion and map generation techniques are applied so to be compatible
with the constraints of operational production (Jacquemoud et al., 1999; Fourty & Baret, 1997).

The crop canopy reflectance model incorporates a number of parameters. Some of these parameters are not accessible by
remote sensing: they must be set according to crop characteristics. We focused on a major biophysical variable that provides
key information for a number of end-products: the GLAI that quantifies the green foliage development as the area of green
leaves per unit area (m”> m*). The GLALI is a notion classically used in remote sensing and an input variable to the SAIL model.
The calculated GLALI is then converted into fresh matter weight of aerial part (FMW). At the end of the winter, the GLAI
estimated at the beginning of the winter is also taken into account in the calculation. Cetiom is very much involved in building
relationship between GLAI and FMW of the crop at the beginning and end of the winter.

A large part of the initial work should have consisted in validating the GLAI information that could be retrieved from
remote sensing with the same quantities measured on the ground through direct or indirect measurements. Considering the
difficulty to measure the Nh in a lot of fields, it has been chosen to use the transformed variable FMW in order to validate the
model. Each year since 2003, Cetiom has carried out measurements of FMW in fields chosen in order to represent diversified
crop situations (soil, climate, cropping system) in several regions in France. These measurements took place at the beginning
and end of winter, at variable dates depending on the region (for example in the Centre region, between 15" November and 5™
December at the beginning of winter and between 20®  January and 10" February at the end of winter). At each period and in
each field, these measurements were carried out on 4 small zones of 1 m? each. These 4 zones were located within a sampling
area of about 150 m?, in a great homogeneous part of the field. The sampling area was located with a GPS receiver, in order to
compare the ground measurement data and the remote sensing data. One of the difficulties of this work was that for each field,
the ground measurement data and the remote sensing data were never acquired the same day. It was then necessary to build a
model in order to transform the GLAI estimated by remote sensing method the day the image was acquired from satellite into
the GLAI estimated the day of ground measurement, by taking into account leaf losses due to the frost periods.

Results and discussion

There is a relation between the FMW estimated from ground measurement and from remote sensing measurement, either
at the beginning and at the end of winter, as shown in figure 1 (2005). Despite the error terms cumulated in its calibration, this
relation is sufficient to build a decision support system for rapeseed N fertilization at spring, using satellite imagery:
Farmstar-Rapeseed. The error terms are : i) the FMW estimation with remote sensing method, ii) the ground estimation of
FMW on 4 m? of soil, iii) the difference between the spatial scales of ground measurement (4 m?) and satellite measurement
(pixels of about 400 m?).

In practice, the agricultural cooperatives conclude an agreement with Infoterra France and propose the
Farmstar-Rapeseed service to farmers. Farmers provide to Infoterra France the location of the fields they want to follow with
Farmstar-Rapeseed, their goal yields, and simple information in order to characterize the soil types and the crop management
systems.

Each field must have a minimal surface of 4 ha, to contain a sufficient number of pixels and allow a reliable estimation of
the FMW. Each field must be homogeneous in term of cultural practices. The cost of subscription depends on the surface.

For each field, farmers receive by mail maps of the FMW at the beginning and at the end of winter and a map
representing the total N fertilization rate to apply in spring (figure 2). Statistic data are associated to these maps. They describe
the variability of the FMW and of the N fertilization rate in each field. The median N rate advised for the whole field is
indicated in the document for the farmers who cannot or do not want to modulate the N fertilization rate in the field. This rate
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allows to satisfy the median requirement of the field.
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Figure 1: Relation between FMW of aerial part at the beginning of the winter estimated from ground and satellite measurement.

On the other hand, if they want to, farmers can modulate the N fertilization rate, either manually from the paper map, or
automatically if they have a GPS receiver and a fertilizer spreader with variable rate technology, by buying the numeric file.
This latest method allows them to modulate the N fertilization rate pixel by pixel.

At the beginning, there were also discussions on whether the spatial resolution of SPOT data (20 m to 10 m depending on
SPOT generation) would be appropriate for the agriculture application. The actual finding after the first campaigns was that
this resolution is fully sufficient for this usage, users have even more information than they can actually handle, however they
are sensitive to a correct image location and a perfect delineation of the field boundaries.
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Figure 2 : Example of document sent to farmers : N fertilization rate advice

The areas concerned by the decision support system Farmstar-Rapeseed are in constant progression since its marketing. It
represented about 80,000 ha in 2006, including about 2,000 ha with an automatically modulation of the N rate inside the field.

The better adjustment of the N fertilization rate to the requirement of the crop thanks to Farmstar-Rapeseed allows the
farmers to reduce their fertilizer expenses, to make use of cultural practices which are more respectful for the environment,
while optimizing the oil content of the harvested seeds (the oil content decreases if the N fertilization excess increases). These
effects are all the stronger that they use the modulation of the N rate in the field.

Each year since the beginning of Farmstar-Rapeseed, a validation of the FMW estimations was carried out in a plot
network in which ground measurements have also been realized. The goal is to be able to avoid such a validation soon. The
results obtained in the crop year 2006 allowed us to identify some ways of progress in order to achieve that. It concerns
particularly the improvement of the prevision model of GLAI evolution in winter, and the better taking into account of the
row spacing effect in the radiative transfer model (in France, row spacings vary between 12 to 80 cm).

Conclusion
Farmstar-Rapeseed is a decision support system which is well-adapted to farmers’ requirement : it is precise enough, it
allows to avoid field measurements, and it accounts for the variability in the field. It will be further developed over the next
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years to improve the models which make it up and simplify relationships with farmers (next year, it will be possible to deliver
results by internet).

Cetiom and Infoterra are now studying the possibilities to extend the use of the remote sensing from satellite to others
applications on rapeseed crop, particularly the yield prevision.
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