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Abstract 

Héliotest is a decision support system, based on a visual crop indicator to estimate, in 
each field, the optimal economical amount of nitrogen (N) fertilizer. The phenological 
stage of appearance of a visual difference between a strip fertilized at sowing time and 
the rest of the field without N is used as an N nutritional status indicator of the crop at the 
12 leaf stage, itself used as an early indicator of the N soil supply for the crop from 
sowing to harvesting, without fertilization. Then the rate of fertilization is calculated, 
using a simplified pre-visual N balance method, from this N soil supply and the yield 
goal. Héliotest has been tested in many trials since 2000. Using Héliotest, the yield goal 
has been reached in 80 to 90% of the situations. 

Introduction 

Sunflower nitrogen (N) fertilization at field scale is scarcely taken up. Nitrogen rates for 
sunflower are rather low (from 0 to 100 kg N/ha) and they are not actually adjusted to soil or 
crop N status. Nevertheless, the stakes of a balanced N fertilization are large. Beyond 
monitoring of input costs and reduction of pollution risks due to N excess (Bouthier, 1995; 
Dalla Costa and Giovanardi, 1996), it is also necessary to increase net income avoiding yield 
losses due to N excess (Debaeke and Estragnat, 2003; Debaeke and Peres, 2003) and N 
deficiency, as well as improving the oil content of the seeds. 

In France, adjusted N recommendations for sunflower are limited to some software which 
is not really used on the farms. On one hand, the recommendations are based on soil N 
mineral measurements which are not put into practice, on the other hand, the model 
parameters are not reliable for the sunflower crop. 

In order to improve N fertilization practices, we designed and tested a simple decision 
support system to manage sunflower N fertilization at the field scale. It is based on the visual 
comparison between a strip of the field fertilized at sowing time and the rest of the field 
without N fertilization at sowing time (Champolivier et al., 2001). 
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Materials and Methods 

Experimental data came from a multilocal network of 56 trials carried out during 2000-
2001 on different soils and climates representative of the main sunflower growing areas in 
France (Centre, Midi-Pyrénées, Aquitaine, Poitou-Charentes regions). Each experimental 
design was generally based on 3 treatments: N fertilization at sowing time (Ts), no N 
fertilization at sowing time (T0) and N fertilization at the 12 leaf stage (CETIOM scale: 12 
leaves with a lamina length over 4 cm) (Tv). From one trial to another, the N fertilization rate 
varies from 50 to 80 kg N/ha at sowing time (Ts) and from 20 to 60 kg N/ha at the 12 leaf 
stage. The Ts strip was used as a reference to assess the T0 strip: visiting the field once or 
twice a week from the 4 leaf stage (4 leaves with a length over 4 cm) to the “E2” stage (head 
diameter between 0.5 and 2.0 cm), the observer looked at the appearance of a visual 
difference between these two strips. The day it became visible, the sunflower stage was 
recorded by counting the leaves, beginning at the bottom of the stem, just over the cotyledons, 
up to the last leaf with a 4 cm long lamina. 

In order to describe the N nutrition status, the nitrogen nutritional index (NNI) was 
calculated from the critical curve established by Lemaire and Salette (1984) for C3 crops. 
This curve connects shoot critical N concentration (Nref, %N) to shoot dry matter (DM, t/ha) : 
Nref=5.31.DM-0,477. The NNI was calculated according to the following ratio between 
measured shoot dry N concentration (Nmes) and Nref: NNI = Nmes / Nref. 

N supply from the soil (N0) was estimated from the amount of N absorbed by the 
sunflower measured at the beginning of flowering and/or at the fall of the pseudo-petals; 
when the two values have been evaluated, only the higher is taken into account. 
Measurements were taken on shoots from four lots of 15 adjoining plants from each 
treatment. N concentration was analysed with the Dumas method. In order to estimate total N 
content from shoot measurements, it was considered that total root content was equal to 10 % 
of the N shoot content. 

Apparent N use efficiency (NUE) was calculated according to the following ratio 
between the difference of total N content (Nc in kg N/ha) between Ts and T0 treatments and 
the amount of N fertilizer at sowing time (Nfs in kg N/ha): NUE= (NcTs – NcT0) / Nfs. 

Results

The 2000 and 2001 climates allowed a growth without any important water deficiency up 
to the beginning of flowering. Yields went from 1.7 to 4.3 t/ha, with the lowest values mainly 
due to water deficiency during or after flowering. 

At the 12 leaf stage, the NNI ranges from 0.6 to 1.2 in 2000 and from 0.5 to 1.3 in 2001. 
The higher the NNI was at the 12 leaf stage, the higher the N soil supply was (N0 N content at 
the beginning of the flowering or at the fall of the pseudo-petals). In order to determine the 
equation of this relation, we only took into account the points localised on the upper part of 
the graph (except the two highest points which appeared doubtful). These points were 
considered to be the only situations for which N nutrition was the only limiting factor of the 
absorption. The correlation between these two variables is shown on Figure 1, N0 = 79.6 NNI 
+ 58.8.
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y = 79.6x + 58.8

0

50

100

150

200

250

300

0.4 0.6 0.8 1.0 1.2 1.4

NNI at the12 leaf stage

N
 s

oi
l s

up
pl

y 
(k

g 
N

.h
a-1

)
= 

N
0 

cr
op

 to
ta

l N
 c

on
te

nt

r² = 0.82

Figure 1.  Relation between NNI at the 12 leaf stage and final N soil supply  (without N fertilizer).

The visual difference sometimes occurred at the 6 leaf stage, but it mainly occurred at the 
11 leaf or the 12 leaf stage. In some trials, the difference did not appear before the 13 leaf 
stage or did not appear at all. The highest values of NNI at the 12 leaf stage were registered in 
the trials where no difference was observed before the 13 leaf stage.  Figure 2 shows the NNI 
values distribution between these three periods of visual difference appearance. The median 
values of NNI measured at the 12 leaf stage are 0.80 if sunflower has less than 11 leaves, 0.92 
when sunflower has 11 or 12 leaves,  and 1.05 when then difference did not occur before the 
13 leaf stage. We can conclude that the earlier the visual difference appears, the stronger the 
N deficiency is.  
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Figure 2.  NNI distributions in relation with sunflower stage at the visual difference appearance. 

 The NUE values range from 5 to 210 with a mean value of 80. This large range may be 
due to the fact that the ratio denominator (N fertilizer amount) is always relatively low (never 
more than 80 kg N/ha) compared with other crops like cereals or rapeseed, and that the 
sunflower N absorption ability from the soil is high. 
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Discussion

According to Figure 1, very N deficient sunflower at the 12 leaf stage (NNI<0.8) results 
in a low N content (100 to 150 kg N/ha). On the other hand, no N deficient sunflower 
(NNI>1) result in a high N supply (over 200 kg N/ha). According to the model established 
calculating the NNI at the 12 leaf stage allows us to estimate N supply from the soil without 
fertilizer.

The NNI median values for the three periods (Figure 2) indicate that the earlier the visual 
difference appears, the higher the N deficiency is at the 12 leaf stage of the T0 sunflower. The 
date of appearance of the visual difference seems to be an indicator of the N deficiency at the 
12 leaf stage. 
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Figure 3.   Apparent N use efficiency distribution. 

In accordance with the definition of the NNI by Lemaire and Salette (1984), in a deficient 
treatment, the N fertilization supply results in a higher shoot biomass, which is easily visible 
to the observer comparing the two strips. 

With these two correlations, it seems possible to estimate the NNI at the 12 leaf stage 
from the leaf number the day of the appearance of the visual difference, then to estimate from 
the NNI the N soil supply to the sunflower without N fertilizer. Integrating the two 
correlations, it is possible to assess the N soil supply from the leaf number the day of the 
visual difference appearance between the two strips (T0 and Ts). 

This early prediction of the N soil supply opens new opportunities to manage sunflower 
N fertilization with an NNI indicator during the vegetative growth period, in order to supply 
N fertilizer if needed. Indeed, it is relatively easy to estimate the N rate fertilization from the 
soil supply by using the balance sheet currently used for main annual crops in France 
(Comifer, 1995; Meynard et al., 1997). 

From an extrapolation of these results, CETIOM has built a decision support system for 
sunflower nitrogen fertilization, called “Héliotest.” It has been offered to the farmers and 
advisers since 2002. This system consists of fertilizing at the sowing time only one strip of 
their field (60 to 80 kg N/ha) on one or two spreading widths according to the fertilizer 
spreader), and not fertilizing the rest of the field.  

Then, from the 6 leaf to the 14 leaf stages, farmers are invited to watch the field once or 
twice a week (according to the crop development rate) in order to determine if a visual 
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difference (colour, growth) appears between the strip and the rest of the field. If a difference 
does not appear or appears after the 14 leaf stage, it is considered that N fertilization is 
unprofitable for the yield. If a visual difference appears, farmers have to count the leaves on 
the day they observe it, and then calculate the N fertilization rate.  

The rate results of the difference between the estimated N soil supply (according to an 
extrapolation of the correlations mentioned above between the stage of visual difference 
appearance, the NNI at the 12 leaf stage and the N soil supply without fertilizer) and the 
estimated crop N requirement. The N requirement is estimated from the yield goal (estimated 
by the farmer according to the previous yields of the field) and the N requirement in total N 
content per tonne. Different values of the N requirement have been proposed by several 
authors (Dahnke, 1994; Zubillaga et al., 2002; Ruffo et al., 2003). From these values and from 
our own results, CETIOM’s decision support system takes into account a requirement of 45 
kg N/ t. 

If the estimated crop requirement is lower than the estimated N soil supply without 
fertilizer, then it is not recommended to fertilize the rest of the field. On the contrary, if the 
estimated crop requirement is higher than the estimated N soil supply, N fertilizing is 
recommended as soon as the visual difference has been observed (and never after the floral 
bud appearance in to order avoid “burning” it). The rate of the N fertilization (Nf) is 
calculated with on the one hand the difference between the N crop requirement (Nr) and the N 
soil supply (Ns), and on the other hand, the NUE estimated to 80%:  Nf = (Nr – Ns) / 
NUE*100. 

This decision support system has been tested since 2000 on a network of 102 trials with 
different soils and climatic conditions in France. In about 78% of the trials, the use of 
Héliotest has allowed us to reach or to surpass the yield goal (when it was possible to reach it, 
according to the other growth factors), without over-fertilizing. The best reliability was 
obtained in the trials where the visual difference appeared after the 14 leaf stage or did not 
appear. In about 12 % of the trials, the yield goal was also reached or surpassed, but with 
more N fertilizer than was necessary. In the other trials (only about 10 %) the use of Héliotest 
resulted in a lack of yield. Moreover, the mean seed oil content in the strips where the N 
fertilization was managed with Héliotest was higher than the one in the strips systematically 
fertilized at sowing time (about + 0.5 point). 

These very good results may seem surprising because of the uncertainty on the evaluation 
of some parameters (for example the relation between the stage of the visual difference 
appearance and the NNI at the 14 leaf stage, or the estimation of the NUE). They indicate that 
some compensation probably exist between the different steps of the decision support system, 
resulting in the good reliability of the system. 

Conclusions 

This decision support system based on the estimation of the soil N supply by registering 
the stage of a visual difference appearance between a strip fertilized at the sowing time and 
the rest of the field without fertilization at sowing time and then on a N balance approach 
seems to be reliable in most French locations. At the moment, this decision support system is 
at a developmental stage in France. 
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