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Figure 2. Representation of the evolution of the SIN system when 1000 fields are infested in a region of 10000
fields, whose number of neutral fields equals 1000. =0.001 and =0.0001, successively equals to 0.00001,
0.0001 and 0.0005 from right to left.

When u < v, we rotate neutral fields into susceptible fields more often than we rotate infested fields to neutral
fields. Figure 3 represents a case where dN/dt = 0.1 so that the growth of N is really limited. That is why the
level of N looks approximately constant for the three subfigures. In the case of the first subfigure, compared to
the first subfigure in the first and the second figures, we note that the infested fields are seemingly essentially
turned into susceptible fields. On the other hand, for the two other subfigures, farmers following these strategies
will have important yield losses (big quantity of infested field at the steady state). In order to allow neutral fields
to increase in number, we want to increase the value of the derivative dN/dt. To achieve that, we define u in
function of v, #, and T} in the following way: u = v *#/ Tj. The behaviour of the model under these conditions
can be seen in Figure 4 and is close to the behaviour of the case ¢ = v, with the behaviour of some increase in the
proportion of susceptible fields over a certain time period.

Figure 3. Representation of the evolution of the SIN system when 1000 fields are infested in a region of 10000
fields, whose number of neutral fields equals 1000. x = 0.0001 and v=0.001, 4 successively equals to 0.00001,
0.00005 and 0.0005 from right to left.
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Figure 4. Representation of the evolution of the SIN system when 1000 fields are infested in a region of 10000
fields, whose number of neutral fields equals 1000. x =0.0009 and v=10.001, when u = v*#,/T}, 1 successively
equals to 0.00001, 0.0005 and 0.001 from right to left.

3 APPLICATION OF THE SIN MODEL

We adapt the SIN model to the case where the host crops are divided into two categories: (10) and (11). These
numbers can be interpreted as the genotypes of the two cultivars grown, with a system of two resistance genes,
the number 0 meaning the absence of the allele conferring resistance, while the value 1 indicates its presence.
Thus we can consider that the cultivar (11) has one more gene of resistance than the cultivar (10). We allow an
additional kind of rotation, which is that (10)-infested field may be rotated into (11)-susceptible field (w). For
each cultivar there is a pathogen strain virulence genes that can infect them, with 1,0 = 0.0005 and 4;; = 0.00025
representing the infective pressure of these strains. The fact that 4;; is lower than 4,9 can be interpreted like a
fitness penalty due to an extra gene of resistance for (11)-host crop. The equations governing behaviour in this
application are thus:

dSi/dt = v 1o [thio - (Si0 + 110)] - 210 110 S10

dSuy/dt = v [tar- Sy +1i)] -2l S+ ol [t - (S + 1))

dlivdt = Ao 10 Sio—plioN- Lo [ thr - (S1 + 111)]

dliydt= Al Su—uln N

dN/dt = u i+ 1) N=v@ig[thio - (Sio+ L)) —v Lt [ thir- (St + 111)]

We assume the limit number of fields sown with these cultivars is respectively #,;; and 459 with their values are
fixed at 4500. The total number of fields is still 10000, and the quantity of neutral fields is 1000. At the

beginning of the example outputs shown in Figures 5 and 6, 7,9 = 1;; = 100 fields. We can see for both of these
figures that the choice of u > v looks to be better than the other rotation strategies.
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Figure 5. Representation of the evolution of the SIN system applied to two different host crop, when w =0.
From left to right : x = v = 0.00005; ¢ = 0.00005 and v = 0.0005; & = 0.0005 and v=0.00005
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Figure 6. Representation of the evolution of the SIN system applied to two different host crop, when @ =0.01.
From left to right : 4 = v=0.00005; x = 0.00005 and v = 0.0005; x« = 0.0005 and v=0.00005

4 CONCLUSIONS

This paper proposed a new model of crop rotation based on the use of neutral crops, which are protected from
fungal disease that may develop within a susceptible crop. This model is based on rates of rotation, meaning the
frequencies at which a farmer will replace a given kind of crop by another one. We illustrated the behaviour of
this ordinary differential equation system, through different rate of rotation (x« and v), with increasing levels of
disease spread (reflected in increasing A). It results that the rotation strategy where u > v looks the best, with the
exception of the case where the disease dynamics is very low, in which case x < v looks to be the best. We found
similar results in a more complicated case, when the host crop was separated into two different genotypes, and
the disease is assumed to have two different corresponding strains. This kind of model (Van den Bosch and
Gilligan, 2003, Parnell et al. 2006) may be hard to understand by farmers, because of its time structure. Here the
time is continuous and the parameters are fixed (constant) with time. It could be tempting to increase v for the
scenarios where infected fields get low (toward zero), once this low value is reached. This model will be more
useful when migration and mutation parameters are taken into account.
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