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In agroecosystems, crop yield is reduced by epidemics. At the field scale, epidemiology succeeded knowledge percolation across
theory, empirical studies, and recommendations to actors. Achieving similar success at the landscape level requires understanding
of ecosystems. The aim of this manuscript is to formalize cyclic epidemics, in which development depends on interaction in space
and in time between host plants, pathogens, environment, and human actions. In agroecosystems, human actions exacerbate
homogeneities alternating with sharp discontinuities on scales of time and space. The dynamics of cyclic epidemics takes dis-
continuities into account. This allows decomposing control at the field and at the landscape scales into goals to reach, corres-
ponding to the components of the pluriannual dynamics of epidemics. Articulating disciplinary concepts open the prospect of
optimization by identification of one’s potential contributions. Finally, we propose that cyclic epidemics could be controlled by
looking for a local solution, in a decentralized manner.

1. Introduction: The Need to Formalize
Epidemics in order to Control Them

An ecosystem is defined as “a dynamic complex of plant,
animal, and microorganism communities and their non-
living environment interacting as a functional unit” [1]. Thus
in the broadest sense, an “agroecosystem” includes all man-
aged and unmanaged environments, domesticated and wild
communities, including human communities [2]. In agroe-
cosystems, plant populations are organised as crops, man-
aged towards the goal of production. Epidemics reduce crop
yield, and current disease control is questioned [3, 4]. This
implies reconsidering disease control by making explicit the
ecology of agroecosystems. Under the light of epidemiolog-
ical knowledge, articulating the contributions of scientific
disciplines is needed because the development of epidemics
depends on the interaction in space and in time between host
plants, pathogens, environment, and human actions [5].

At the field scale, epidemiology succeeded knowledge
percolation across theory, empirical studies, and recommen-
dations to actors. This success in rooted on a clear theoretical
formalization, disease foci, and their growth in time and in
space [6], that allowed modelling [7] prompted empirical
studies [8, 9] and allowed links to other disciplines. The
results of epidemiological studies on the modulation of
quantitative growth of foci depending on the climate [10] on
the differentiation of pathogens into pathotypes [11] and on
quantitative resistance [12] have been translated into guide-
lines for action in decision support models [13], into surveys
of pathogen populations [14], into recommendations for
varietal mixtures [15], and into breeding strategies [16–18].

At the landscape scale, Zadoks [19] referring to diversity
within and between crops wrote “diversity may be amenable
to management,” and empirical studies support this affirma-
tion, for example, by spatial diversification of varieties [15].
However, strategies derived from epidemiology at the field
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Figure 1: Schematic representation of the four types of disease dynamics given the initial presence of the disease and the suitability of
the climate. When the climate is suitable continuously, initial absence or presence of the disease contrasts: (a) epidemic and (b) endemic,
respectively. When the increase of the disease is discontinuous on short-term time scale, dynamics over long-term time scale contrasts: (c)
polyetic epidemic and (d) cyclic epidemic, respectively.

scale still outnumber actions at the landscape scale [4, 20,
21]. Actual constraints render urgent to follow the recom-
mendations to consider scales wider than one field during
one growing season [22] to develop spatial epidemiology
[23], landscape epidemiology [24], and to change cropping
practices at the landscape scale [25]. This requires coming
back to the definition of different types of disease dynamics,
to clarify what has been achieved and what remains to be
done.

The initial presence of the disease and the continuity of
climate’s suitability contrast four types of disease dynamics,
and we will recall their definitions (Figure 1).

(i) When the disease is initially absent and is initiated by
allo-inoculum (i.e., inoculum issued from outside the
considered field or area), then its intensity and spatial
extension increase over time; we talk of an epidemic
(Figure 1(a)) “The noun epidemic refers to an in-
crease of intensity as well as extensity of the disease”
[26]. As already mentioned, for this type of epi-
demics, realisations are numerous and allowed ded-
ucing tactics to control epidemics at the scale of the
field and the cropping season.

(ii) When the disease is already present at initial time,
its intensity and spatial extension remain stable over
time; we talk of an endemic (Figure 1(b)).

(iii) When the increase of the disease is discontinuous
on short-term time scale, for example, if climate is
not always suitable, seasonality inducing alternation
between epidemic phases and survival phases, and
the dynamics over long-term time scale is epidemic,
we talk of a polyetic epidemic (Figure 1(c)) “The
newer term polyetic epidemics [· · · ] is limited to epi-
demics whose increase in intensity takes many years”
[26]. Application of the polyetic epidemic concept at
the landscape scale sustained research and allowed
numerous and fruitful realisations ranging from
theoretical works to recommendations of strategies,
for example, for soil borne diseases [22, 27] and em-
ergence of new diseases [28–33].

(iv) When the increase of the disease is discontinuous on
short-term time scale and the dynamics over long-
term time scale is endemic, we talk of a cyclic epi-
demic (Figure 1(d)) “If an epidemic flares up and dies
down periodically, annually for instance, it is termed
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a cyclic epidemic” [26]. This is the case of many dis-
eases that increase in spatial extension and in inten-
sity in one field during one growing season, but
neither spatial extension nor intensity increase over
years at the landscape scale. These dynamics, on the
long term, should neither be considered through
the formalism of epidemics, nor be considered in-
dependent between successive years. To date, cyclic
epidemics have been considered for humans and
animals [34] and for pest outbreaks [35] but have not
deserved publications for plant pathogens, and have
not been submitted to a detailed formalisation.

The aim of this manuscript is to propose a conceptuali-
sation of “cyclic epidemics” at the landscape scale, with the
prospect of deducing, in agroecosystems at the scale of the
landscape, options for the management of combinations of
control tactics. The specificities of agroecosystems and the
dynamics of cyclic epidemics are formalized in agroecosys-
tems. The dynamics of epidemics are linked to tactics allow-
ing for their control. Implications for optimising the efficacy
of the control of epidemics are derived. Finally, these bases
are exploited in terms of perspectives to achieve a solution
despite the high level of complexity.

2. What Makes Landscapes in Agroecosystems
Different from Those of Natural Ecosystems?

In natural ecosystems, it has been stressed that plant popu-
lations display complex spatial arrangements. Furthermore,
they are genetically diversified and consist of plants of differ-
ent ages and developmental stages [36]. Some discontinuities
exist in space (host “patches”) in time (seasonality) and in
genetics (compatibility or not depending on the host-patho-
gen interaction). But as these discontinuities are not synchro-
nised, they do not induce sharp ruptures on scales of time
and space.

On the contrary, agroecosystems are characterised by the
synchronised occurrence of these three discontinuities. The
presence of humans—hereafter “the actors”—from which
actions interact with the control of epidemics exacerbate on
the one hand homogeneities and on the other hand hetero-
geneities, that can be summarised on scales of time and space
(Figure 2 (central column)). While the continuity hypothesis
is valid at the field scale, there are sharp ruptures in space
when shifting from one field during one season towards one
landscape during one season and in time when switching
from one landscape in one season towards the same land-
scape in the next season. We will detail these continuities and
ruptures.

One field during one growing season can be considered
as a continuous and homogeneous space. Cropping towards
production and harvest implies “crop management”—a set
of actions interdependent at the scale of the field—following
four aims. A productive cover is established, by the modi-
fication of soil structure, the sowing at controlled density,
the pruning, and the weeding. The cover is maintained and
supplied with elements required for growth and if necessary
for flowering, by the irrigation and the fertilisation including

intercrop nitrogen-trap plants. The products and coproducts
are harvested, consisting of roots, leaves, stems, fruits, or
seeds. The decomposition of plant-parts not exported from
the field is ensured. The whole of these interdependent prac-
tices lead to homogenise the plant cover, with respect to
genetics and agronomy. It includes the choice of monospe-
cific, most often monovarietal crop, the synchronisation of
plant phenology, and the synchronisation of planting and
harvesting operations.

The landscape is heterogeneous in space during the crop-
ping season, appearing as a spatial mosaic of host and non-
host “patches” (Figure 2(a)). Each patch, hereafter “field,”
corresponds to a cultivated field, or to natural populations
of the host [37]. The rupture between fields is sharp in space.
Given the limited number of cropped species, the rupture is
sharp with respect to genetic compatibility; for one pathogen
individual, either the whole field is host, or nonhost.

The landscape is heterogeneous in time, with the alter-
nation of seasons and ruptures (Figure 2(abcd)). At the scale
of one farm, the “cropping systems”—attribution and rota-
tion of species and crop management practices on a set of
fields—are devised to optimise the succession of different
productions on different fields. One cropping season, here-
after “season,” is defined as the time span during which there
are no discontinuities, neither in the host plant population,
nor in the cropping system, therefore allowing for a numer-
ical increase in the pathogen population without external
input of inoculum. Cropping practices exacerbate homo-
geneities during the season (homogeneity at the field scale,
synchronisation of cultural operations on all the fields of
one species), alternating with heterogeneities (between two
seasons, the cropped species can completely change on the
field) in the dynamics of host and pathogen populations in
time and in space.

Agroecosystems are thus characterised by continuities
(each field during the season) alternating with conjunctions
of sharp ruptures on scales of time and space. These ruptures
lead to three kinds of discontinuities at the scale of the land-
scape over successive seasons. The host population size is
discontinuous, with an “agronomic” cause, because, at har-
vest of annual plants, host availability is suppressed for
pathogens, until the emergence of next season’s plantlets.
A spatial rupture is superimposed on the temporal rupture
when the next year’s crop of the same species is sown in a dif-
ferent field. The pathogen life cycle is discontinuous, with an
“epidemiological” cause, because most of pathogens cannot
develop year round, constrained by temperature or wetness
duration. The composition of the pathogen population is
discontinuous, with a “genetic” cause because the drastic
reduction of population’s numerical size due to less suitable
environment, migration, sexual recombination, and change
in selection pressures induce modifications in the genetic
composition of the pathogen population. For endemics
already occurring in the landscape, it is this alternation of
continuities (suitable for the numerical and spatial increase
of populations) and discontinuities (unfavourable to both
increases) that produce the dynamics of cyclic epidemics.
The efficiency of the control of epidemics depends on the
interactions between the actors, the host population, and
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Figure 2: Determinants of disease control efficacy on one field and in the landscape based on a schematic representation of pluriannual
dynamics of cyclic epidemics of plant diseases in an agroecosystem. The agroecosystem is defined on scales of space and time by the
alternation of homogeneities and heterogeneities induced by agricultural practices. The “pluriannual epidemics”—represented for seasons
(n) and (n + 1)—is defined as the succession of (a) within field epidemics, (b) production of inoculum on the field, (c) transmission
of inoculum from source to target fields, and (d) within field epidemics in the following season. The processes defined by life cycle and
genetics affect pathogen population size or structure (above and below encapsulated panels, resp.). Different letters (n, n′, n′′) indicate
that the successive realisation of processes can be independent. For each component of the pluriannual epidemics, a limited number of
attributed aims (listed on the right) determine the efficacy of disease control tactics. The diversity of individuals within pathogen populations
is represented by the different shading of the symbols, illustrated with respect to plant resistance. The efficacy of disease reduction on
susceptible (S) and resistant varieties (R1, R2) depends on the host and pathogen populations properties (listed on the right) in the landscape
that it is possible to manage.

the pathogen population [26]. Thus, if the disease control
is at stake in the context of agroecosystems, epidemiological
concepts need adjustment to take into account simultane-
ously both actors’ actions and discontinuities.

3. How to Formalize the Dynamics of
Cyclic Epidemics in Agroecosystems?

Formalisation is well established in the continuous space
consisting of the scale of one season in one field. Population
numerical dynamics is described by initial inoculum and
multiplication rate [5]. Population spatial dynamics is des-
cribed by the theory of disease foci [6]. In the context of
agroecosystems, the existence of sharp ruptures hampers
the extension of these concepts over wider scales of time
and space. Releasing the hypothesis of continuity has been

achieved for time, by taking into account seasonality [38]; for
space, by taking into account heterogeneous landscape [39–
42]; for the continuity of epidemics, by taking into account
human actions [43–45], but these aspects have not yet been
formalised simultaneously.

The alternation of continuities and ruptures on scales of
time and space allows describing the pluriannual dynamics
by three phases (Figure 2 (central column)): the epidemics
on one field, the inoculum production on the field, and the
inoculum transmission between fields. Within each phase,
the processes affecting population size or structure at lower
scales of space (the field, the plant, and the vegetal organ) and
time (the season and the duration of one pathogen genera-
tion) scales can be aligned (Figure 2 (left column)).

The within field epidemic dynamic, that is, the quantita-
tive fluctuations of size and the qualitative changes in genetic
structure of the pathogen population, can be described by
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three time-chained or overlapping components within the
season (Figure 2(a)). The local onset of the epidemic in the
field requires mobilisation of propagules from a more or less
distant inoculum pool connected to the field by migration
[46]; The pathogen population increases in size during the
epidemic by secondary multiplication cycles [47]; The patho-
gen population causes damages to plants, defined as the qual-
itative or quantitative yield loss caused by the disease, with
subsequent economical consequences for farmers [48].

The production of inoculum during discontinuities in each
field (Figure 2(b)) occurs either on the same plants [49], or
requires the infection of volunteer plants [19, 49], or neces-
sitate migration to alternate hosts [49]. This production of
inoculum depends on the within field epidemics [50]. Off-
spring release and contribution to the propagule pool in sub-
sequent seasons depend on the pathogen’s survival abilities
[43].

The inoculum transmission between fields (Figure 2(c))
coincides with intercrop discontinuities and depends on
characteristics of both “source” and “target” fields, and on
landscape spatial and temporal structures [49]. Field char-
acteristics for the source are the quantity and characteristics
of the inoculum released; and for the targets, the host crop
status and variety. Structure of the landscape includes for its
spatial aspect, the location of new fields and the selection
pressure they impose; for its temporal aspect, the time at
which fields are sown and are susceptible to infection. The
inoculum transmission phase results in strong quantitative
(size) and qualitative (genetic structure) variations in patho-
gen populations.

In agroecosystems, the prospect is offered to maximise
the efficiency of disease control by using human actions to
interfere with the cyclic epidemic, both during the epidemic
phases and during the survival phases.

4. How to Link the Control of Epidemics to
Their Pluriannual Dynamics?

In crop production systems, the pathogen populations con-
strain the maximum harvestable productivity of plants [48].
To control epidemics, several agronomic disciplines apply
different control “tactics”. By “tactic” we refer to the means,
issued from human choices, to interfere with the epidemics.
Tactics can aim at reducing size, and/or at modifying the
genetic composition of the pathogen population on the field.
To identify and coordinate each’ one’s contributions, sorting
out the complexity can be achieved by taking into account
the ruptures in epidemiological processes (Figure 2 (right
column)). To include these discontinuities, we will distin-
guish field level disease control, that is, benefits obtained on
one field resulting from actions on that field, and landscape
level disease control, that is, benefits obtained on one field
resulting from actions on the landscape in which this field is
located. Furthermore, disease management can be dissected
into processes, hereafter “attributed aims”, each correspond-
ing to one component of the pluriannual epidemic described
above (Figure 2 (right column)).

Field Level Disease Control. (Figure 2(ab)) acts on:

(i) the compatibility of the interaction between patho-
gen and plant individuals, that determines infection.
Compatibility encompasses both infectivity and vir-
ulence (respectively virulence/aggressiveness in plant
pathology; [51]) because qualitative all or nothing
abilities represent the two edges of the continuum;

(ii) the interception by the plant, given passive or active
deposition of propagules from the local pool. Inter-
ception depends on plant architecture, including
topology, phenology, leaf structure, and on attrac-
tiveness for vectors [5];

(iii) the receptivity of the host tissue allowing for infec-
tion. Receptivity depends on biocide or repellent ap-
plication, leaf structure and ontogenic resistance;

(iv) the suitability of the phylloclimate [52] allowing for
infection. Suitability depends on temperature-related
or humidity-related propagule viability and infec-
tiousness;

(v) the multiplication depending on the interaction be-
tween the host growth, the pathogen lifecycle and the
climate. Multiplication can be figured out as the ratio
of daughter propagules per mother lesion during the
epidemics on the field. Multiplication depends on
the duration of one generation and on multiplication
rates [7];

(vi) the tolerance, which is the capacity of the host plant to
incur less damage at a given infection severity [53];

(vii) the offspring production, which is the ratio of daughter
propagules that can serve as inoculum for the next
season, per mother lesion. Offspring production
depends on the final disease severity at the end of the
epidemics on the field [50].

Landscape Level Disease Control. (Figure 2(bcd)), assuming
integration—in the mathematical sense of the word—over
“source” and “target” fields, acts on:

(i) the offspring contribution to the spore pool, allow-
ing for inoculum build-up. Offspring contribution
depends on the size of the population established
on the acreage of host species and on the inoculum
emission [54];

(ii) the connectivity in space, allowing for transmission.
Connectivity in space depends on the pathogen’s
dispersal ability, on distances and on barriers to flow
[22, 55];

(iii) the connectivity in time, allowing for transmission.
Connectivity in time depends on the pathogen’s
survival ability and on the synchronisation of source
emission and target receptivity [49];

(iv) the average compatibility of the pathogen population
on the host plant population. Average compatibility
depends on compatibilities between source-target
pairs and on the connectivity in space and in time
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[15, 54]. Any landscape scale tactic reducing these
processes will help increase field scale disease man-
agement [15, 55–57].

“Efficiency” of disease control relates to the reduction of
damage in one season in one field with disease management
compared to the same field in a landscape consisting of
only susceptible varieties without disease management. Opti-
mising the efficiency of disease control relies on a strategic
combination of tactics.

5. Optimising the Efficiency of the Control of
Epidemics: Interdisciplinary Collaborations
and Key Points for Research

The control of epidemics is focal point of several scientific
disciplines. The prospect of our work is allowing for a better
definition of roles towards easier interdisciplinary exchanges.
The networking between concepts by relating them to
the dynamics of pluriannual epidemics in agroecosystems
(Figure 2) yield the benefits to combine tactics issued from
different scientific disciplines for each of the “attributed
aims” [57], for example plant genetics devises breeding
strategies to reduce pathogens’ impacts on the plant. Agron-
omy devises on the one hand, cultivation practices related
to plant physiology; on the other hand, cropping systems
related to the organisation of farms and of production sys-
tems. Plant pathology deciphers the determinants of the
pathogen interaction with the host plant and describes the
life cycle of the pathogen. The articulation of the whole set
of concepts will promote information exchange by precision
of terms [58]. This new light on epidemiology in agroecosys-
tems could facilitate communication by enabling articulation
between theory, empirical studies, and actors’ knowledge.
Positioning disciplines and actors’ roles could optimise their
complementarities. Clarifying interactions between concepts
could optimise pluridisciplinary. Therefore, when an agroe-
cosystem faces a disease management problem, assembled
concepts (Figure 2) could be used to describe the local situa-
tion, to identify what is known and what is practiced, taking
into account all actors and all disciplines. In this agroe-
cosystem at that moment, the multidimensional set of con-
straints—including what is known and what is not—could
be used to discern ways to increase efficiency of the control
of epidemics, relatively to their costs.

The first key point for research is the acquisition of
empirical data on processes of the life cycles of the pathogens.
For polyetic epidemics, data have been collected during the
epidemic phases in successive years. The analysis of the
progression dynamics on long-term scales have allowed to
take into account survival and transmission without being
obliged to quantify these processes directly. In the case of
cyclic epidemics, because of the stability over long-term
scales of time, this approach will not be possible. It will be
necessary to acquire data during the discontinuity phases, to
understand the processes occurring between two successive
seasons (Figure 2). This especially concerns the phase of pro-
duction of inoculum [50, 59] of survival [43] as well as
transmission between fields of different seasons [41]. This

will, for example, allow revising intercrop agronomical prac-
tices [60] to understand their impact through the amount of
inoculum produced and transmitted.

The second key point for research concerns the theoret-
ical developments about cyclic epidemics on crops, in two
directions. On the one hand, the theoretical analysis of
polyetic epidemics allowed defining criteria for invasion and
persistence of pathogens [29]. Similarly, the theoretical study
of cyclic epidemics will allow determining criteria for the
limitation of interannual variability, or to maintain these epi-
demics under damage thresholds. On the other hand, theo-
retical studies can be connected with these of cyclic epi-
demics in human and in animals [34] and pests [35].

The third key point for research concerns the possible
junction between epidemiology and evolution, rendered pos-
sible by the explicit description of the pluriannual dynamics
of the epidemics (Figure 2). This opens the prospect of
stronger connections between epidemiology, population
genetics, and evolutionary biology [61, 62]. On the one hand,
the recurrent nature (in time) of cyclic epidemics allows for
the description of the phases during which variations are
produced, selected, and transmitted. We have illustrated this
by the alignment of processes affecting the size, with these
affecting the composition of pathogen populations, for each
of the components of the dynamics (Figure 2 (left column)).
On the other hand, making explicit the homogeneities and
heterogeneities allows junction with the analysis of evolu-
tionary processes. It will be possible to analyse under this
light the ambivalent nature of pathogen life cycles during
epidemic phases and discontinuities, respectively. [25]. On
longer term, evolutionary epidemiology formalised at the
level of the landscape can be connected to landscape ecology
[33, 55] with levers of action on epidemics by land planning.

6. How to Reach a Solution despite the
High Level of Complexity?

The high level of complexity following from the large num-
ber of interacting elements leads to an antagonism; theory
has to be inclusive of all aspects but studies have to be
parsimonious. Achieving the articulation of the whole set of
disciplinary concepts (Figure 2) allows to realize that sim-
ultaneous understanding of all factors is beyond reach,
therefore beyond prediction. There is no single, general, and
unique solution that can be studied and reached. On the
contrary, the optimal balance depends on the “local” situa-
tion in time and in space. By “local”, we refer to the cropped
species, the biology of pathogens, the production situations,
and the available tactics. The question that arises is: should
one simplify upstream and look for one unique strategy to be
recommended in a centralised manner, or simplify down-
stream and allow for the decentralised implementation of
local strategies?

At the field scale, scientists have produced one single
comprehensive theoretical framework. Within, all the con-
cepts necessary to understand the numerical and spatial
dynamics of epidemics were articulated [5, 6]. However, the
amount of complexity was already too high to include all
factors in one model or to look for one unique solution
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appropriate for all local situations. Nevertheless, fruitful
collaborations—interdisciplinary researches as well as inter-
actions between research and implementation by actors—
have been built upon simplifications. We refer to simplifi-
cation as a clever choice of a reduced number of factors,
focussing on these relevant for the local situation.

At the landscape scale, the control of epidemics within
the conceptual framework of polyetic epidemics has been
based on the optimal control strategy. It is based upon an
a priori modelling, from which a centralised control strategy
could be devised. When the concern is biological invasion—
the emergence of a pathogen previously absent from the
area—its eradication [63] may require the design of a uni-
form and centralised strategy. The assumption underlying
centralized disease management is that scientists are able to
identify and stakeholders able to choose the best strategy
ahead of applying it. The costs to collect the necessary infor-
mation with sufficient accuracy may be justified by the per-
spective of eradication which, on the one hand, requires early
intervention and on the other hand has to be performed
before empirical knowledge of actors could be accumulated,
because the disease was previously absent. Key point for
research is to connect optimal control theory of crop patho-
gens [28, 64] with that of humans and animals [34, 65–67].

However, at the landscape scale, the conceptual frame-
work of cyclic epidemics opens an alternative prospect for
the control of epidemics, based on upstream implication of
actors’ knowledge and local simplification. For those cyclic
epidemics of already established pathogens, eradication is
out of reach. The interaction between host plant and patho-
gens over large scales of space and time promotes the
differentiation of local contexts, for example, for the presence
of inoculum sources scarce or numerous [30]. On the one
hand, the cost of collecting the necessary information with
sufficient accuracy and the development of models for each
of the specific local contexts increases in proportion of the
diversity of local situations. On the other hand, repeated
confrontation with the locally established pathogens pro-
motes the development, improvement, and accumulation of
actors’ empirical knowledge. This opens the prospect of local
optimisation for a local and decentralised disease control.
The hypothesis underlying decentralised disease control is
that it is possible to locally combine actors’ knowledge and
guidelines based on scientific knowledge. This allows adjust-
ing over time the control strategy to the real local situation by
successive back and forth rounds. It is of note that for human
pathogens, disease control of cyclic epidemics relies on
education to hygiene. Learning of early detection of symp-
toms allows for increase in individuals’ ability to perform
informed decentralised choices, helped if necessary by
doctors. Transposing this approach to agriculture assumes to
rely on farmers, letting them develop their ability to collect
local information in real time. For crop pathogens and pests,
supporting ecologically informed decision making by farm-
ers has been achieved by education to address the challenge of
ecological heterogeneity and local specificity in disease man-
agement [68]. The role of scientists remains to understand
the principles of biological processes and propose guidelines
for a decentralised choice. Key points for research towards

local optimisation approaches include studies of joint opti-
misation of several criteria [69], or optimisation under con-
straints [70], the coexistence of several strategies in the same
agroecosystem [71].

To conclude, we advocate that a shared description of
processes pertinent to any kind of epidemics highlights the
need for specific researches. Cyclic epidemics are different
from polyetic epidemics and could therefore be managed in
a different way, even if it is not excluded that decentralised
strategies could also be appropriate for polyetic epidemics.
We expect our perspective on this network to trigger pluridis-
ciplinary research and fair interactions between scientists and
actors in tomorrow’s Agroecosystems.
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de durabilité des résistances ? Illustration chez le phoma du
colza,” Innovations Agronomiques, vol. 15, pp. 31–45, 2011.
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