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> Why to promote a biodiversity-based agriculture ?

Mixing species: Low
biodiversity Agroecosystem type
\ VIncreases biological and | e el norae
A& - Creating soil structure & soil porosity
functional dive rsity Ta | m - Limiting water & nutrient stresses
8 - Treating pest é disease (plants &
agroecosystems % animals)
D
s . 3 = REGULATION of ECOLOGICAL PROCESSES
\ "Provides ecosystem - & for:
. < - creating soil structure & soil porosity
services g' - Increasing water & nutrients availability
n - Increasing pest & disease control
| - Improving pollination
K%‘Reduces the eXternaI - Regulating microclimate
inpUtS by promoting High Duru et al. 2015

biodiversity

biological regulation z



> Lock in to biodiversity-based agriculture ?

%% Arable Crop diversification is
accompanied by an increase in
the complexity of cropping

Woedly systems and interactions in the
i agroecosystem

Species A Species B Species A Species C
(Host) (Non-Host) (Host) (Non-Host)

Induced
Systemic
Resistance

Allelopathic ~ Physical Reduced = Bio- Resourcc;, ’@ Many combinations between
nteraa'ons barrler ‘, ‘host density fumlgatlon exp|0Itatlon SpeCIeS are pOSSIb|e (Verret et
' al., 2020), the best
9omb|nat|on is difficult to
identify for local conditions

' - Root exudate

# - Pest/Pathogen

Ehrmann and Ritz, 2014

¥ And little is known about how
to mix species (or varieties) to
provide ecosystem services



> Two important issues to encourage the development of crop mixtures

\ " Identify species assembly rules in crop { " Co-design a tool to assist in the design of
mixtures to provide ecosystem services mixtures
(here for weed regulation) EcosysteMIX, exploratory and didactic tool

to help identify mixtures of species capable
of providing one (or more) expected
ecosystem service(s) under given agro-
environmental conditions




©.% « Scientific Knowledge

Knowledge gathering
and hybridation

* Empirical knowledge

Crops are described — _
by their functional ‘. < c/N > i
traits, these traits — unction 1
i i Weed
are involved in < e s >  — N
’ | Function 2
T | Trait 3
that are providing < ik > 7”7 I -
ecosystem services _ sensitiveness / —

Crop mixture traits Agro-environmental conditions

Médiene et al., 2016

Evaluation of services provided by species




> Functional representation of crop mixtures for weed regulation obtained after workshop
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* Leaf angle
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* Root depth

Root growth rate
Nitrophilous (N requirement

~
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« Growth habit IF\’ler ';g./ 'VF';T’()
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Fertilization
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yeary-1

Favouring the competitiveness
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interception

Increase water and
nutrient absorption
capacity of the crop

mixture

\/

Increase the competition of the
mixtures towards the weeds

/

Difference between
the length of crop
cycles (coexistence

period)
|

\

)

{

Initial soil

Weed types\ J

nitrogen

-

Ability to produce
allelopathic
compounds

\

-

* Growth rate

* SLA or LAI

* Biomass production
potential

* Growth habit

/AN

N N

)

Tillage

frequency

Temporal soil
occupation

Level of
infestation
year y-1

Allelopathy

Residues
management

Spatial soil
occupation

[ Avoid weed germination and }

establishment

Agricultural practices

WEED REGULATION IN CROP MIXTURE

Environnemental conditions
Functions

=0000

Meta-functions’®



> Functional representation of crop mixtures for weed regulation obtained after workshop
ﬂ Height \ ﬁ Root density \

* Leaf angle Root depth
o @ranidh EIE * Root growth rate
« SLA or LAl * Nitrophilous (N requirement
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> Ongoing work: an example of hierarchical weighting

20% 15%
[ In.itial soil ] Sowing date ]
nitrogen Fertilization
30% 25% V "Validate and quantify the
Favouring the functional relationships
competitiveness of crop Heich . . .
mixtures for light interception eight Tra|ts/Funct|ons/SerVIce
10%
4 Increase the ) 50% -
competition of the \ "Hierarchy each branch of
mixtures towards the 50% the functional tree
\_ weeds ) Water and nutrient Root structure ]
absorption capacity of
the crop mixture Root depth ]
Root density ]

Initial soil Fertilization |

nitr n

Sowing date ]




> Ongoing work: an example of hierarchical weighting

-

N

N

Increase the
competition of the
mixtures towards the

weeds D

20% 15%

[ Initial soil ]
nitrogen

Sowing date |
Fertilization |

"Validate and quantify the
functional relationships
Traits/Functions/Service

Favouring the
competitiveness of crop
mixtures for light interception

50% -
i "Hierarchy each branch of

50% the functional tree

Water and nutrient Root structure
absorption capacity of

the crop mixture

Root depth

Root density

Initial soil

Fertilization ]
nitr n

Sowing date ] 9




> Ongoing work: defining the assembly rules of traits in crop mixtures

Height of species 1 J

Favouring the
competitiveness of Height
crop mixtures for light
interception

Divergence Convergence
e.g. diversity of coexisting functional strategies e.g. one preferrential functional strategy

R
Trait Trait
Bernard-Verdier et al. 2012

- .
-« >

Height of species 2 J

Frequency
Frequency

For example, to promote the competitiveness of the mixture against weeds, it is
necessary that the two species have a high height, i.e. convergent or high for one
and low for the second i.e. divergence

10



> Finalized goal: A tool to assist in designing of species mixtures

209

oy !nitial soil nitrogen

Sowing date
S

eeeeeeeeee

0 eg. or functional strategy e.
g
H
£

30%

50%

Favouring the competitiveness
of crop mixtures for light

interception

the mixtures towards the

[ Increase the competition of

weeds

Water and nutrient
absorption capacity of

the crop mixture

LA or LAI
eight

* Root structure

50%

Qualitative
hierarchical multi-
attribute model (ex.
Dexi) for each service
to made decision rules

ﬁ{ * Root depth

ECOSYSTEMIX

* Root density

Sowing date

Classification of
species mixtures
according to their

capacity to provide

the expected services
in the local production

- context

% 11




> Meta-functions involved in 4 ecosystem services

/-

c
5 -2
U T
Qo —
=3

ap
i
S

Increase the

competition of the
mixtures towards
the weeds

Avoid weed
germination and
establishment

/

-

Nitrogen
recycling

Favour and \

diversify the
sources of nitrogen
in the crop mixture

Reduce nitrogen
losses in the
crop mixture

/" Improve )
nitrogen use
efficiency in

the crop

\_ Mmixture

/

-

regulation

~

Promote natural
enemies

|

Reduction of
pest pressure

|

Crop
resistance

|

Preventing the
establishment
of pests

/

regulation

Decrease the \

development of the
disease

Reduced pathogen
inoculation

Promote crop
resistance

~
Management of

reservoirs and
hibernation areas

.
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