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> Agricultural systems in crisis: Produce more with less?

Increasing pressures

* Looming climate change,

* Loss of arable land,

* Considering pollution, social and health impacts,
e Reducing chemical inputs,

* Maintaining production levels,

* Changing disease/epidemics dynamics.
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> Agricultural systems in crisis: Produce more with less?

Increasing pressures

* Looming climate change,

* Loss of arable land,

* Considering pollution, social and health impacts,
e Reducing chemical inputs,

* Maintaining production levels,

* Changing disease/epidemics dynamics.

» Explore new solutions:
» Agroecology and crop diversification
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> What Is Intercropping?

Diverse Crops, One Field
. ]Icntﬁjrcropping: two species or more growing simultaneously in the same
ie

* Historical context: Common practice for centuries; especially in tropical
agriculture

* Renewed interest: Climate change + disease pressure + pesticide
restrictions
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> What Is Intercropping?

Diverse Crops, One Field
. ]Icntﬁjrcropping: two species or more growing simultaneously in the same
ie

* Historical context: Common practice for centuries; especially in tropical
agriculture

* Renewed interest: Climate change + disease pressure + pesticide
restrictions

» Farming rediscovering its “roots: resilience via ecosystem services
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> The Problem: Why Design Matters

Not All Intercropping is Equal
* Intercropping is generally good for disease control
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> The Problem: Why Design Matters m @

concentration of hosts

Physical filter
by non-hosts

Not All Intercropping is Equal
* Intercropping is generally good for disease control

 |dentified mechanisms:
* dilution effect with a smaller concentration of host
plant and availability of susceptible organs,
* barrier effect with an alteration in spore interception
thanks to a physical obstacle to spore deposition,
e change in canopy microclimate with an impact mainly
on other disease processes such as infection, latency and sporulation.

Microclimate

Modified depending
on canopy structure

From Pelzer
and Jeuffroy
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Distance between and
concentration of hosts

> The Problem: Why Design Matters g oo N Q

Physical filter
by non-hosts

Not All Intercropping is Equal

* Intercropping is generally good for disease control

 |dentified mechanisms:
* dilution effect with a smaller concentration of host
plant and availability of susceptible organs,
* barrier effect with an alteration in spore interception
thanks to a physical obstacle to spore deposition,
e change in canopy microclimate with an impact mainly
on other disease processes such as infection, latency and sporulation.

e Results vary wildly
e Spore dynamics hard to measure in field
» Scale of effects highly dependant on experimental set up,
* Large range of disease reduction (30 to over 80%), large choice of field designs

. Idnteractic))ns between variables, e.g. microclimate on infection (temperature x surface wetness
uration

Microclimate

Modified depending
on canopy structure

From Pelzer
and Jeuffroy
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> The Problem: Why Design Matters m‘ Ba”‘e’),

Physical filter
by non-hosts

Not All Intercropping is Equal

* Intercropping is generally good for disease control

 |dentified mechanisms:
 dilution effect with a smaller concentration of host
plant and availability of susceptible organs,
* barrier effect with an alteration in spore interception
thanks to a physical obstacle to spore deposition,
e change in canopy microclimate with an impact mainly
on other disease processes such as infection, latency and sporulation.

e Results vary wildly
e Spore dynamics hard to measure in field
* Scale of effects highly dependant on experimernt
* Large range of disease reduction (30 to over 80%)lat Many questions!

* Interactions between variables, e.g. microclimate<&; atness
duration)

Microclimate

Modified depending
on canopy structure

From Pelzer
and Jeuffroy

» Many interactions, many scenarios, many variables
INRAQ



> The Problem: Why Design Matters

The known unknows

* Ranking mechanisms?
* Provide a barrier to spores?
* Reduce pathogen habitat?
* Provide adverse microclimatic conditions for the pathogen?

e Conceptualise field designs?
 How much of each species?
* How far apart should plants be?
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> The Problem: Why Design Matters

The known unknows

* Ranking mechanisms?
* Provide a barrier to spores?
* Reduce pathogen habitat?
* Provide adverse microclimatic conditions for the pathogen?

e Conceptualise field designs?
 How much of each species?
* How far apart should plants be?

»In short, which agronomic levers are worth considering and why?
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> Modelling to the rescue!

Contribute response elements to field-level questions

* Wheat/pea/brown rust case study
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> Modelling to the rescue!

Contribute response elements to field-level questions

* Wheat/pea/brown rust case study

e Testing 150 different field designs with 3 factors:
* Species proportion p
* Plant density
* Distance between rows

SpeC|es
roportlon

Plant

Interrow density

Spatial
arrangement
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> Modelling to the rescue!

Contribute response elements to field-level questions

* Wheat/pea/brown rust case study
e Testing 150 different field designs with 3 factors:
* Species proportion
* Plant density
* Distance between rows

e 30 years of weather data = average trends

| SpeC|es \
r&

“ proportlon

Temperatures | Precipitations

1991 - 2020

(C°) (mm)

i it Plant
g INterrow .
*] l l density

- g _li_n III e
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: p h = E-m

Weather — 30 reference arrangement
years




> Modelling to the rescue!

Contribute response elements to field-level questions

Wheat/pea/brown rust case study

Testing 150 different field designs with 3 factors:
* Species proportion y
* Plant density
* Distance between rows

30 years of weather data = average trends
Coupled crop and disease models
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> A word on MILA-STICS

Process-based, mechanistic models, daily time step

49

SHG -
Intercrop
system

DICE

Sensitive

==

Weather data:

temperature, relative humidity and rainfall

plant only

Canopy microclimate:

temperature, relative humidity and surface wetness duration

|

Available
> spores _l
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surface

|

Intercepted Latent
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Infection
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surface
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Production of
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surface

Crop
phenology

Leaf variables: | o
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Severity

Spore & lesion
lifespan

(Caubel et al., 2012;

Caubel et al., 2017)



> A word on MILA-STICS

Process-based, mechanistic models, daily time step

41®
SIS -
Intercrop
system

S -

Sensitive

==

Weather data:

temperature, relative humidity and rainfall

plant only

Canopy microclimate:

temperature, relative humidity and surface wetness duration

|

|

l |

. . Newl|
Available Intercepted Latent Sporulating y
> spores spores spores lesions produced
_l P _l _l _l spores
Dispersion Interception Infection Latency Product:'on of
3 secondary inoculum
L Sensitive Latent Sporulating
surface surface surface
Crop
phenology Severity
Leaf variables: | o
LAI, fAPAR

Spore & lesion
lifespan

(Caubel et al., 2012;

Caubel et al., 2017)

Driven by
parameters,
including
disease
characteristics

and technical
management to
test agronomic
practices




> A word on MILA-STICS

Outputs

INRAZ

Disease intensity (AUDPC)

Sporulation rate

Disease
processes

Latency duration

Infection rate

Spore interception

Crop
variables

Microclimate
*  Wetness duration
* Temperature

Crop heights

Crop leaf surfaces

Canopy LAl and porosity
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Stem elongation

to flowering
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Late cycle:

LAl very low in SC

Microclimate still favourable to

infection in IC

IC worse in terms of number of

infection days

AUDPC still lower in most IC cases




Wheat 25 33 50 66 75 100
proportion (%) " " " " A A
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2345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)




Wheat 25 33 50 66 75 100
proportion (%

D ——

Row 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 N0 20 30 40 50 10 20 30 40 50 10 20 30 40 50
spacing

(cm)

Effect type

. Barrier
. Dilution

~
¥y

Wheat
proportion (%)

oy
-

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33 50 66 75 100
proportion (%) | 1 N A A

r h F ] i A F a F N
Rﬂ“{ 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
spacing

(cm)

10 20 30 40 50

Effect type

. Barrier
. Dilution

Row spacing
(cm)

~
¥y

oy
-

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33 50 66 75 100
proportion (%) " " " " A A

r h F a F n T a F I ]
Row 10 20 30 40 50 10 20 30 40 s0 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
spacing
(cm)

Effect type

. Barrier
. Dilution

~
¥y

oy
-

Total plant
density

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345123459 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33 50 66 75 100
proportion (%) " " " " A A

r h F a F n T a F I ]
Row 10 20 30 40 50 10 20 30 40 s0 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
spacing
(cm)

Effect type

. Barrier
. Dilution

~
¥y

oy
-

[
L1

Total effect:
* Increases with more pea and wider rows

* Decreases in IC with fewer plants

* Increases in SC with fewer plants

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33 50 66 75 100
proportion (%) " " " " A A

r h F a F n T a F I ]
Row 10 20 30 40 50 10 20 30 40 s0 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
spacing
(cm)

Effect type

. Barrier
. Dilution

~
¥y

Dilution:

* |ncreases with wider rows

* Increases with fewer plants

oy
-

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33 50

. Barrier:
proportion (%) " 1

- N 4 * Increases with more pea
Row 10 20 30 40 50 10 20 30 40 50 10 20 30 40
spacing * Decreases with fewer plants
(cm)

* Increases with wider rows but only at high wheat proportions
Barrier

. Dilution

~
¥y

oy
-

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



Wheat 25 33
proportion (%) " 1

r h F ]
Row 10 20 30 40 50 10 20 30 40 50
spacing

(cm) e Dilution more important with more wheat and fewer plants |[Sj{a type

Relative contribution:

* Barrier more important with more pea and/or wider rows 20 139 |80 B0

Barrier

. Dilution

~
¥y

oy
-

[
L1

0

12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345 12345

Plant density p.9

Reduction in spore interception nb per unit of LAl (%)



: Wheat : ’
: proportion (%) I I
. : i 1
Disease i - | i
. . I : I [
Intensity 2000 [} = I 1
1 = 1 1
1 ° 1 1
eidng 1 i
I Plant density ; : - !
! o G i 1
O ' 2 W Lk .
(a1 I . i 1
o) 1 . y LAY T
= adl + - 1A I
<€ i B v i: 1
! Row spacing 1° A 1
[ (cm) 1= g [
. : : : : 5y i TR i
AUDPC = measure of disease intensity ; & o ' 4& -
[ ® E K 1
Date on which severity (% surface occupied by : ® - ; :
0 ] ‘ & [ e
1 1 : 1
disease) reaches 5% = date where the epidemics I I I Ly - I
16 Mar 5 Apr 25 Apr 15 May 4 Jun 24 Jun
is intense enough to start Date severity >= 5%

. Shapes = total plant density levels
Disease

precocity Colours = proportion of wheat

Size = distance between rows

INRAZ



: Wheat : ’
: proportion (%) : :
BIN:ENE : B : :
. . I : I [
Intensity 2000 [} = - I 1
[ = 1 1
1 1 1
eidng 1 i
I Plant density I f
! o G i 1
O ' 2 W - .
o | It i
()] ! UUURURUOURIE S - ¢, % ] T
S 1000 : T I
< [ 8 e [
! Row spacing 1
1 (cm) 1
AUDPC = measure of disease intensity Y
[ o
Date on which severity (% surface occupied by : ® -
0 ] ‘ B EE RPN B .
1
disease) reaches 5% = date where the epidemics I I I I
16 Mar 5 Apr 25 Apr 15 May
is intense enough to start Date severity >= 5%

The earlier the epidemics starts, the more
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Depends on spatial arrangement
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Not all combinations are equally practical

100% wheat: epidemics starts before flowering +

resulting in higher AUDPC

Intercropping: worse than sole cropping when

using close rows

INRAZ
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INRA@ Read the paper
here!

% Questions?
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