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Simultaneous infection of multiple diseases

* Classically one pathogen and one host

Competitive Exclusion in Paramecia

In separate containers
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Simultaneous infection of multiple diseases

* Classically one pathogen and one host
* Multiple interacting pathogens in a given host

Competitive Exclusion in Paramecia

In separate containers In one container
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Simultaneous infection of multiple diseases

* Classically one pathogen and one host

* Multiple interacting pathogens in a given host
* resource-mediated
* host-mediated
* interference

Competitive Exclusion in Paramecia

In separate containers In one container
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Simultaneous infection of multiple diseases

competition
* Classically one pathogen and one host

* Multiple interacting pathogens in a given host S \ /\
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Simultaneous infection of multiple diseases

competition
* Classically one pathogen and one host

 Multiple interacting pathogens in a given host - \ /\
* resource-mediated g3 boE A
* host-mediated -3 { A \
* interference 8 R \;\

Competitive Exclusion in Paramecia Time A Locali ty B

In separate containers In one container facilitation
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Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
-58% infected
-20% affected by other agents



Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
-58% infected
-20% affected by other agents

Moniliasis
O Frosty pod rot disease
Moniliophtora roreri



Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
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Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
-58% infected
-20% affected by other agents
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Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
-58% infected
-20% affected by other agents
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Cocoa pests and diseases in South America

-Multiple pest simultaneously

-Only 22% of cocoa pods are healthy when harvesting
-58% infected
-20% affected by other agents

Mazorca negra | Mazorquerd
Black pod dls_ease 5 American Cocoa pod borer
Phytophthora palmivora Carmenta foraseminis

Otros (roedores, aves)

Moniliasis
0 Frosty pod rot disease
Moniliophtora roreri

Infection

Mazorquero +
Mazorca negra

separate together



18 months of monitoring in the
Peruvian Amazon
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Multipest spatio-temporal dynamics

1. Is there a prevalent disease?

2. Do disease infections follow a geographical pattern?

3. Are there differences in infection through time? If so, are these differences
related to resource availability? To climate oscilations?

4. Are coinfection events promoted by season and/or by spatial differences?



1. Is there a prevalent disease?
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* Monilia affects the highest number of fruits in general



Number of fruits

s there a prevalent disease?
s it the same per plot?
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* Monilia affects the highest number of fruits in 5/8 localities
* Incidence of diseases differs between localities



2. Can we detect a geographical pattern on
disease infection?



2. Can we detect a geographical pattern on
disease infection?

Cluster plot

cluster

DIm2 (16.7%)

Dim1 (48.1%)

Based on total fruits healthy and affected by the different diseases per tree
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2. Can we detect a geographical pattern on

disease infection?

Representation of each locality in the two clusters
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* Very little geographic structure at large scale

* Perhaps structure at intra-plot scale?
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2. Can we detect a geographical pattern on
disease infection?

Representation of each locality in the two clusters Marisol
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* Very little geographic structure at large scale

* Perhaps structure at intra-plot scale?



3. Is there a temporal pattern on the infection
by different diseases?



3. Is there a temporal pattern on the infection
by different diseases?

* Number of healthy and sick fruits per tree per date of monitoring.

* General temperature and preciptiation in the study area during the monitoring
period

Screenshot: CRU TS Version 4.05 Google Earth Interface
https://crudata.uea.ac.uk/cru/data/hrg/



Total infected fruits through time

Total fruit production
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« All diseases are correlated to total amount of fruits produced=> availability of ressource.
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Total infected fruits through time

Total fruit production ‘ Mazorca negra
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« All diseases are correlated to total amount of fruits produced=> availability of ressource.
* Correlation between them too, probably through ressource availability
* Weak correlation between infection and general weather = Microclimate effect?



Percentage of infected fruits through time
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Percentage of infected fruits through time

Total fruit production Sop ‘ Mazorca negra
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4. Are there temporal or spatial conditions that
can favour disease coinfection at the tree level?

* 1000 times simulation
of real infection values
per tree per disease per
date



4. Are there temporal or spatial conditions that
can favour disease coinfection at the tree level?

e 1000 times simulation + : \C
of real infection values ‘ T g 2 £
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* Observed data is under
the median of
simulated data in
several cases

Number of coinfected trees by
mazorquero + mazorca negra




Multipest spatio-temporal dynamics

1. Is there a prevalent disease? Yes!
2. Do diseases infections follow a geographical pattern? No

3. Are there differences in infection through time? If so, are these differences
related to resource availability? To climate oscilations? Yes!

4. Are coinfection events promoted by season and/or by spatial differences?
No, but fewer coinfection!



Muchas gracias

iLos agricultores!
Marcos Ramos, Jhoner Alvarado, Clémentine Alline, Gerben Martijn Ten Hoopen,
Leila Bagny-Beilhe
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Supplementary slides



3. Management
practices useful

against pest and and spatial dynamics
diseases

1. Multipest temporal

2. Shade effect on infection



Monilia vs fruit availability through time after covid

R=0.83, p=47e-06
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mazorcanegria
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Mazorcanegra vs fruit availability through time after covid

R=06, p=00058
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Mazorquero vs fruit availability through time after covid
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otro vs fruit availability through time after covid

Positive correlation between availability of fruits as a whole and by phenological

state

No effect of temperature but negative effect with precipitation
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Mazorguero+mazorcanegra vs fruit availability through time after covid

Positive correlation between availability of fruits as a whole and by phenological

state
No effect of temperature but marginal effect of precipitation in co-infection
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Temporal interaction of diseases throughout time?

Positive correlation between all diseases pairs | :
throughout time= ressource is far from being | * 5
limitant and produce competition. ;
Graphically | cannot see facilitation or "
synergisitc effect but check how to test them e
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Per date
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Per locality
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ALIANZA

c::?; 7dias y puede (\é,\/ pgﬁl.? _ GAEAU

poner hasta 80 huevos. PERd

Ciclo de vida del Mazorquero

El tiempo de vida del Mazorquero, en condiciones de
campo, es de 71 dias.

PUPA

Vive durante 21 dias, durante
los cuales se prepara para salir
como insecto.

(2
Las esporas llegan al fruto
ydemoranentre 8a 12

horas en infectarlo.

LARVA
Se alimenta de la
mazorca durante
36 dias.

que han sido infectados por la plaga también

El mal manejo de los frutos del cacao
puede generar su reproduccién. Estos son:

© Deficiente © Transporte de mazorcas
eliminacién de afectadas
frutos conlaplaga @ Plantaciones infectadas



Ciclo de vida de la““mazorca negra”

El tiempo de vida de la "mazorca negra”, en condiciones de
campo, es de Tl dias y sus esporas pueden desarrollarse en
frutos en solo 48 horas.

ESPORULACION

Después de J dias, el micelio
cubre todo el fruto, las
esporas estan listas para
esparcirse.

EXPANSION
Dos dias mas tarde
empieza la formacion
de micelio cremoso. La
mancha café cubre
buena parte del fruto.

[e la mazorca contaminada se
liberan esporas que pueden
transportarse por accion de:

Llwvia
mazorca
enferma

Viento

% Insectos

GERMINACION
Las esporas llegan
alfrutoyalos2
dias empiezan a
infectarlo,

PRIMEROS SINTOMAS

Los primeras puntos oscuros se
convierten en una mancha
uniforme color café,



DISPERSION

Ciclo de vida de la Monilia De la mazorca contaminada se
El tiempo de vida de la Monilia, en condiciones de campo, tiene 't'rwa“ e P‘;’"":j"
una duracion de 68 a 85 dias. PRI L

Lluvia

e MISELO ESPORULACION e
Alos 70 dias aparecen
1as manchas blancas.
e GERMINACION

Las esporas llegan al
fruto y demoran
entre 8312 horas en
infectarlo.

0 MANCHA MARRON
Aproximadamente 60
dias después de fa
germinacion, aparece
una mancha marrén
uniforme.

Mazorca con

PRIMEROS SINTOMAS

Alos 30 - 40 dias se . ALIANZA
muestran gibas y puntos ‘=" USAID [: A["l A[]
aceitosos. \a./ Off FRIKO 08 L8 ESTADOH

PERIL



Ciclo de vida de la

£l tempo de vica de kb “Tscoba de brua”
en condiciones 6¢ Campo. bene und
duracion de 10 dlas.

Gﬂlﬂlm

Las esporas legan
3l Ingte y demeran
entre § 2 12 horas
on infectario

PRIMEROS SINTOMAS

Arededor de 35 das desputs.
w presenian n
deformaciones en @ planta

& USAID CACAD
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