








Figure 4: Virtual manure application with the “bad” spreader based on distribution characteristics
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For each application map we have considered ten application rate classes centered on
the average value representing 100% of the recommended rate. Any elementary surface
will contribute to the corresponding class according to its applied quantity. By this way,
the whole field can be considered as the assembly of ten plots receiving a homogenous
application rate. The virtual area of each plot is calculated by the number of elementary
surfaces included in the plot. Figure 5 represents the area of each virtual plot corresponding
to each application rate class for each category of spreader.

Figure 5: Area distribution of virtual homogenous plots for each spreader category
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We will suppose that each plot is independent and we will examine the fate of the available
nitrogen supplied by the manure application in each case.

Evaluation of the agronomic and environmental impact

Utilization of animal manure for fertilization purposes is difficult to set up. The basic
principle is to apﬁly the exact quantity which is needed by the crop. This quantity is usually
determined on the basis of regional trials but, because of the different forms of nitrogen
found in the manure, the available nitrogen is not precisely known. It depends on various
factors as weather, soil, crop and time of application. To solve this problem, farmers use
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software programs in order to calculate the right amount of fertilizers to be spread. These
programs can also automatically edit administrative forms which have to be sent each
year to local authorities.

We have used one of these programs, Planfum, for our own specific requirements.
Estimated needs are calculated in a first step and a postharvest statement is proposed in
a second step:

= The calculation of the recommended rate depends on the crop requirement, the soil
type and the secondary effects of previous manure applications. Usually, the manure
rate is based on the authorized maximum rate (170 kg N/ha) and the program indicates
the corresponding additional rate of inorganic fertilizers which may be applied.
= The global balance of the nitrogen use is calculated after the crop harvesting, when
the crop yield is known. The Planfum software also indicates a potential amount of
nitrate concentration in the leachates. It indicates whether it is necessary or not to sow
intermediate crops (nitrate traps).
Planfum was used to establish the fertilization balance on each subplot of the field and
assess the global lixiviated nitrate quantities. The glrobal impact is calculated for the whole
field (1 ha). Various scenarios have been studied. Two examples (table 2 and table 3) are
presented here corresponding to a sandy soil and wheat crop.
Table 2: Lixiviated nitrate quantities for cattle manure application

Cattle manure (35 t/ha). The available N is 21 kg/ha. The additional inorganic N is 89 kg N/ha

“Bad” spreader

“‘Medium” spreader

“Optimum spreader”

N excess 3 kg N/ha 2 kg N/ha 1kg N/ha
mg NOs/L 6 mg/l 4 mgl/l 2mgll
Yield loss 0.08 t/ha 0.07 t/ha 0.03 t/ha

Table 3: Lixiviated nitrate quantities for broiler manure application

Broiler manure (10 t/ha). The available N is 120 kg/ha. No additional inorganic N is required

“Bad” spreader

“‘Medium” spreader

“Optimum spreader”

N excess 30 kg N/ha 25 kg N/ha 16 kg N/ha
mg NOs/L 66 mg/l 55 mg/| 35 mg/l
Yield loss 0.39 t/ha 0.32 t/ha 0.13 t’ha

With cattle manure, most of the nitrogen applied to the crop is related to the inorganic
supply. So the differences between the three spreaders categories are very low.

Various experimentations have shown that the nitrate concentrations in the in the drains
flow were higher than calculated in the simulation work. The software programs are based
on global balances while daily conditions may successively induce excesses and lacks
of nitrogen. So these programs do not include punctual concentration peaks. Therefore it
should be hazardous to conclude, according to table 2, that the spreading heterogeneity
has no impact on nitrate leaching for cattle manure.

With broiler manure, all the fertilization needs are sur‘)plied by the manure. An even
application at the recommended rate will lead to a small excess of nitrogen. This excess
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will be ma%nified by the spreadin hetero%eneity. If the nitro?en supply had been
oversized, the heterogeneity would have slig tly influence the nifrate lixiviation, as this
excess would affect nearly all the plots (including plots with insufficient collected amount).
For a balanced supply, the excess will only affect the plots corresponding to more than
100% of the recommended rate. So an even application will produce less lixiviation than
a heterogeneous one.

Conclusion

The simulation of the virtual spreading on the reference field has shown wide differences
on spreading hetero?eneity or the three spreader categories. These wide differences
are not directly confributing to the nitrate lixiviation. The influence of the Sﬂreading
heterogeneit gIobaII¥ decreases when the application rate is oversized. On the other
hand, the influence of the spreading heterogeneity increases when the manure shows a
high concentration in available nitrogen.

Finally present requirements of EN 13080 can be stated as “reasonable” for cattle manure,
but are insufficient when using highlly concentrated organic products like some composts,
broiler manures or sewage sludge. Fore these products which may be used as a substitute
to inorganic fertilization, the spreading requirement for spreaders distribution should be
similar to those established for mineral fertilizers.

The study of environmental impacts linked with technologies is a well appropriate method
for eco- esié;n needs based on multi-criteria analyses (LCA, Life cycle analysis). The
research and development objectives in farm machinery have usually been based on work
productivity and spreading evenness. The gaps of improvement may be more valuable
in other fields like nutriment sensing, soil compaction or polyvalence and our research
shows that environmental benefit of spreading evenness has often be overestimated.
Taking into account all the potential impacts is absolutely necessary to avoid pollution
transfers while designing new technologies. An increase of energy demand may for
example deserve an improvement in the matter of eutrophisation. LCA will not allow
prioritizing one impact category or another but it will enable to appreciate the potential
improvement in every category and so will contribute in decision making for research and
development in technologies.
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