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Production
Dommages

Combinations de techniques partiellement efficaces avec interactions

Diversification des cultures
Weisberger et al (2019) PLOS ONE

Adeux et al (2019) Agron Sustain Dev

Liebman & Gallandt (1997) Many Little Hammers: Ecological Management of Crop-Weed Interactions. 

Contexte

Voir Intro Colloque
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Liebman & Gallandt (1997) Many Little Hammers: Ecological Management of Crop-Weed Interactions. 

Combinations de techniques partiellement efficaces avec interactions

Production

3

Dommages

Pisum sativum L.

Triticum aestivum L.

Cultures associées

& Nouvelles variétés

Weisberger et al (2019) PLOS ONE

Adeux et al (2019) Agron Sustain Dev

Moins d'espace & ressources

pour les adventices

Bénéfique pour

légumineuses peu

compétitrices comme le pois

Contexte

Diversification des cultures
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Diversification des cultures
Weisberger et al (2019) PLOS ONE

Adeux et al (2019) Agron Sustain Dev

4

Production
Dommages

Combinations de techniques partiellement efficaces avec interactions
Liebman & Gallandt (1997) Many Little Hammers: Ecological Management of Crop-Weed Interactions. 

Objectif = Identifer

▪ Effet des associations vs cultures pures

▪ Ideotypes (variétés idéales) pois x blé

= f(objectif de production, gestion de l'association)

N

Beaucoup de facteurs

& interactions

+ Effets long-terme

Pisum sativum L.

Triticum aestivum L.

Objectif

Voir Intro Colloque
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Sorties détaillées pour les 

cultures, adventices et sol

Indicateurs d'impact 

des adventices

N

Indicator 1 Indicator 2 Indicator 3 …

0 0 9

6 4 9

10 5 0

9 5 10

3 7 4

7 0 1

8 5 7

7 6 9

2 3 4

3 3 5

3 4 1

8 5 8

Nuisibilité des 

adventices

Biodiversité

Production des

cultures

1
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Années

Pour chaque variable d'état

Pour chaque plante & jour

Hauteur

Largeur

Biomasse

Surface foliaire

Longueur

racines

BiomasseProfondeur

Largeur

Position

Management 

operations

Year 1

…

Year N

Entrées choisies 

par l'utilisateur

Cycle de vie 

des espèces

Colbach et al (2006, 2010, 2014) Eur J Agron, Colbach et al (2007) Ecol Mod; Colbach et al. (2014) Soil Till Res; Weed Res; Colbach et al (2017) Ecol Indic; 

Colbach et al (2020) Field Crops Res; Gardarin et al. (2012) Ecol Mod; Munier-Jolain et al (2013) Ecol Mod, (2014) Field Crops Res; Mézière et al 2015 Ecol

Indic; Moreau et al (2020) Eur J Agon

ModèleVoir Intro Colloque
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N

Management 

operations

Year 1

…

Year N

Entrées choisies 

par l'utilisateur

Cycle de vie 

des espèces

Colbach et al (2006, 2010, 2014) Eur J Agron, Colbach et al (2007) Ecol Mod; Colbach et al. (2014) Soil Till Res; Weed Res; Colbach et al (2017) Ecol Indic; 

Colbach et al (2020) Field Crops Res; Gardarin et al. (2012) Ecol Mod; Munier-Jolain et al (2013) Ecol Mod, (2014) Field Crops Res; Mézière et al 2015 Ecol

Indic; Moreau et al (2020) Eur J Agon

(systèmes de grande culture tempérée)

…la lumière après la levée des plantes

…l'eau pendant la germination/levée

Compétition pour …

Modèle
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Varieté Seasonalité 
Morphologie 

foliaire 

886/1 Hiver-Hr Afila 

China Hiver -Hr Feuillu 

DCG0449 Hiver -Hr Feuillu 

Enduro Hiver -hr Afila 

Isard Hiver -hr Afila 

Cameor Printemps Feuillu 

Kayanne Printemps Afila 

 

Cézanne

Caphorn

Orvantis

N

Colbach et 

al (2022) 

Frontiers 

Plant Sci

Colbach et al (2020) Eur J Agron

Variétés existantes

Winter

Winter

Winter

Modèle
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Varieté Seasonalité 
Morphologie 

foliaire 

886/1 Hiver-Hr Afila 

China Hiver -Hr Feuillu 

DCG0449 Hiver -Hr Feuillu 

Enduro Hiver -hr Afila 

Isard Hiver -hr Afila 

Cameor Printemps Feuillu 

Kayanne Printemps Afila 

 

Cézanne

Caphorn

Orvantis

N

Colbach et 

al (2022) 

Frontiers 

Plant Sci

Colbach et al (2020) Eur J Agron

Variétés existantes

Winter

Winter

Winter

 Diversité de variétés dans la simulation

• Tirer des valeurs au hasard dans [min, 

max] pour chaque paramètre avec un

plan LHS

• Respecter les corrélations entre 

paramètres établies sur les variétés

existantes

5 variétés de pois d'hiver

5 variétés de pois de printemps

10 variétés de blé

Colbach et al (2022) Frontiers Plant Sci

Colbach et al (in revision) Field Crops Res

Varietés virtuelles

Modèle
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2. Associations pois–blé2. Associations pois–blé

5. Sans adventices4. Avec adventices

3. Pois pur et blé pur

Rotations avec

1. Créer systèmes de culture contrastés

9

Plan expérimental (simulation)

• Choix randomisé des variétés de pois et de blé parmi réelles & virtuelles

• Dispositifs: 1/3 substitutif +     1/3 additif + 1/3 incomplet

3. Pois pur et blé pur

1. Créer systèmes de culture contrastés

Colbach et al (2022) Frontiers Plant Sci

Colbach et al (in revision) Field Crops Res

• 3600 systèmes de culture tirés avec plan LHS

( rotations, bio vs conventionnel, sans vs avec travail du sol, flore riche vs pauvre …)

Colbach et al (in revision) Field Crops Res

Rotations avec

N

4. Avec adventices

• 12 années

• 5 scénarios climatiques

5. Sans adventices

Simulations
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5. Sans adventices

• Choix randomisé des variétés de pois et de blé parmi réelles & virtuelles

• Dispositifs: 1/3 substitutif +     1/3 additif + 1/3 incomplet

10

Plan expérimental (simulation)

1. Créer systèmes de culture contrastés

Colbach et al (in revision) Field Crops Res

• 3600 systèmes de culture tirés avec plan LHS

( rotations, bio vs conventionnel, sans vs avec travail du sol, flore riche vs pauvre …)

Colbach et al (in revision) Field Crops Res

N

4. Avec adventices

• 12 années

• 5 scénarios climatiques

2. Associations pois–blé 3. Pois pur et blé pur

Colbach et al (2022) Frontiers Plant Sci

Rotations avec

Effet des associations

Performance des 
associations

Simulations
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N

• Choix randomisé des variétés de pois et de blé parmi réelles & virtuelles

• Dispositifs: 1/3 substitutif +     1/3 additif + 1/3 incomplet

2. Associations pois–blé 3. Pois pur et blé pur

Colbach et al (2022) Frontiers Plant Sci

Rotations avec

11

Plan expérimental (simulation)

1. Créer systèmes de culture contrastés

Colbach et al (in revision) Field Crops Res

• 3600 systèmes de culture tirés avec plan LHS

( rotations, bio vs conventionnel, sans vs avec travail du sol, flore riche vs pauvre …)

Colbach et al (in revision) Field Crops Res

• 12 années

• 5 scénarios climatiques

4. Avec adventices 5. Sans adventicesEffet des adventices

Rendement 
potentiel

Simulations

Rendement 
réel
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N

4. Avec adventices 5. Sans adventices

• Choix randomisé des variétés de pois et de blé parmi réelles & virtuelles

• Dispositifs: 1/3 substitutif +     1/3 additif + 1/3 incomplet

2. Associations pois–blé 3. Pois pur et blé pur

Colbach et al (2022) Frontiers Plant Sci

Rotations avec

12

Plan expérimental (simulation)

1. Créer systèmes de culture contrastés

• 3600 systèmes de culture tirés avec plan LHS

( rotations, bio vs conventionnel, sans vs avec travail du sol, flore riche vs pauvre …)

Effets long-terme
Robustesse vs météo

Colbach et al (in revision) Field Crops ResColbach et al (in revision) Field Crops Res

• 12 années

• 5 scénarios climatiques

Simulations



26 & 27/11/2024 – Institut Agro Dijon

Carrefour de l’Innovation Agronomique COPRAA Nathalie Colbach

Contexte Simulations Impact des 
associations

Idéotypes ConclusionModèleObjectif Conseil

13

China

DCG 0449

Enduro 886-1Isard

Virtual3

Virtual4

Virtual6

Virtual8
Virtual9

y = 0.268x + 1.60
R² = 0.42

2.0

2.1

2.2

2.3

2.4

2.5

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

Infestation du champ par les adventices
Suppression 

adventice

par le blé

Colbach et al (in 

revision) Field 

Crops Res

Anova: biomasse

adventice = f(variété, 

système de culture, 

scenario climatique, 

etc) 

−14% infestation

−32% perte de 

rendement

Impact des 
associations
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n
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China

DCG 0449

Enduro 886-1Isard

Virtual3

Virtual4

Virtual6

Virtual8
Virtual9

y = 0.268x + 1.60
R² = 0.42

2.0

2.1

2.2

2.3

2.4

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

En pois pur (t/ha)

Infestation du champ par les adventices
E
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 (
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h
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)

Colbach et al (in 

revision) Field 

Crops Res

Anova: biomasse

adventice = f(variété, 

système de culture, 

scenario climatique, 

etc) 

Pas d'effet de l'association pour les 

variétés de pois les + suppressives

Impact des 
associations
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China

DCG 0449

Enduro 886-1Isard

Virtual3

Virtual4

Virtual6

Virtual8
Virtual9

y = 0.268x + 1.60
R² = 0.42

2.0
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En pois pur (t/ha)

Infestation du champ par les adventices
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 (
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)

Colbach et al (in 

revision) Field 

Crops Res

Anova: biomasse

adventice = f(variété, 

système de culture, 

scenario climatique, 

etc) 

Virtual4 Variété la + suppressive 

= virtuelle

Impact des 
associations
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Idéotype pois a1

Racines proches 

de la surface

Meilleure croissance 

en sol compacté
16

Meilleure combinaison pois–blé en dispositif additif ≠ clé bénéfiques avec variétés réelles

+ rapide
+ rapide

+ homogène



%biomasse 

pour feuilles

Précéder 

les 

adventices

Intercepter + de 

lumière au-

dessus des 

adventices & blé

Laisser moins 

d'eau aux 

adventices

Largeur&hauteur

+ homogènes

Feuilles 

en haut

+ large par 

unité biomasse

Reproduction

À l'ombre

Colbach et al (in revision) 

Field Crops Res

Classification and

Regression Trees

Idéotypes
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Idéotype pois a1

Racines proches 

de la surface

Meilleure croissance 

en sol compacté
17

Meilleure combinaison pois–blé en dispositif additif ≠ clé bénéfiques avec variétés réelles

+ rapide
+ rapide

+ homogène



%biomasse 

pour feuilles

Largeur&hauteur

+ homogènes

Feuilles 

en haut

+ large par 

unité biomasse

Reproduction

À l'ombre

Colbach et al (in revision) 

Field Crops Res

Classification and

Regression Trees

+ rapide

Wider

Feuilles 

en bas

+ petite 

par unité 

biomasse



%biomasse

pour racines

Moins 

gélif

Laisse + 

de 

lumière 

pour le 

pois

Idéotype blé a1*

+ de 

compétition 

pour 

adventices

Moins de 

biomasse 

aérienne 

gênant le 

pois

Limter levée 

adventices

Précéder 

adventices

Idéotypes
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Idéotype pois a1

Racines proches 

de la surface

Meilleure croissance 

en sol compacté
18

Meilleure combinaison pois–blé en dispositif additif ≠ clé bénéfiques avec variétés réelles

+ rapide
+ rapide

+ homogène



%biomasse 

pour feuilles

Largeur&hauteur

+ homogènes

Feuilles 

en haut

+ large par 

unité biomasse

Reproduction

À l'ombre

Colbach et al (in revision) 

Field Crops Res

Classification and

Regression Trees

Wider

Feuilles 

en bas

+ petite 

par unité 

biomasse



%biomasse

pour racines

Moins 

gélif

Laisse + 

de 

lumière 

pour le 

pois

+ de 

compétition 

pour 

adventices

Moins de 

biomasse 

aérienne 

gênant le 

pois

Limter levée 

adventices

+ rapide

Idéotype blé a1*

Précéder 

adventices

Idéotypes
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+ rapide

Précéder 

adventices

Idéotype pois a1

Racines proches 

de la surface

Meilleure croissance 

en sol compacté
19

Meilleure combinaison pois–blé en dispositif additif ≠ clé bénéfiques avec variétés réelles

+ rapide
+ rapide

+ homogène



%biomasse 

pour feuilles

Largeur&hauteur

+ homogènes

Feuilles 

en haut

+ large par 

unité biomasse

Reproduction

À l'ombre

Colbach et al (in revision) 

Field Crops Res

Classification and

Regression Trees


%biomasse

pour racines

Moins 

gélif

+ de 

compétition 

pour 

adventices

Moins de 

biomasse 

aérienne 

gênant le 

pois

Limter levée 

adventices

Idéotype blé a1*

Wider

Laisse + 

de 

lumière 

pour le 

pois

Feuilles 

en bas

+ petite 

par unité 

biomasse

Idéotypes
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Combinaisons de traits de pois x blé = f(dispositif assiociation, objectif de production)

  Additive designs Substitutive designs Incomplete designs 
A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  

[21]  Leaf area per leaf biomass reproduction Smaller  Smaller Larger   

[22]  Leaf area distribution along 

plant height 

vegetative Higher Lower  Lower Higher  

[23]  reproduction Lower Lower Lower Higher Higher  

[24]  Root-system width (maximum) Similar   Wider   

[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  

 

a1 a2 s1 s2 i1 i2

T
ra

it
s

d
e

 p
o

is

Substitutive Incomplete

  Additive designs Substitutive designs Incomplete designs 

B. Combinations of beneficial WHEAT characteristics a1*  a2* s1* s2* i1*  i2* 

[1]  Emergence of shallow seeds Faster  Faster Faster Faster   Faster 

[2]  Maximum pre-emergent shoot length     Smaller    

[3]  Seedling mortality in broadcast seeds Less       Less 

[4]  Post-emergent growth   Slower      

[5]  Leaf area at emergence     Larger    

[6]  Maximum plant width Wider  Wider  Wider    

[7]  Plant height per biomass reproduction Smaller   Taller    Taller 

[8]  Leaf area distribution along plant height reproduction Lower  Higher      

[9]  Biomass allocation to roots More       More 

[10]  Root-system growth   Faster     Similar 

[11]  Root biomass distribution Similar  Similar      

[12]  Light conversion efficiency   Worse     Worse 

[13]  Photosynthesis efficiency in cool conditions   Worse  Similar   Worse 

[14]  Frost sensitivity emergence Better  Better     Better 

[15]  Frost sensitivity reproduction     Worse   Worse 

[16]  Wheat varieties answering to the rules       

[17]  Actual varieties      Caphorn   

[18]  Virtual varieties 5 6  4 3 5 7 5 1 2 3 5 7  5 

 

a1* a2 * s1 * s2 * i1 * i2 *

T
ra

it
s
 d

e
 b

lé

Colbach et al (in revision) 

Field Crops Res

Classification and

Regression Trees

Dispositif d'association = Additif

Conseil
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Combinaisons de traits de pois x blé = f(dispositif assiociation, objectif de production)

  Additive designs Substitutive designs Incomplete designs 
A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  

[21]  Leaf area per leaf biomass reproduction Smaller  Smaller Larger   

[22]  Leaf area distribution along 

plant height 

vegetative Higher Lower  Lower Higher  

[23]  reproduction Lower Lower Lower Higher Higher  

[24]  Root-system width (maximum) Similar   Wider   

[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  

 

a1 a2 s1 s2 i1 i2

T
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it
s

d
e

 p
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Additif Substitutive Incomplete

  Additive designs Substitutive designs Incomplete designs 

B. Combinations of beneficial WHEAT characteristics a1*  a2* s1* s2* i1*  i2* 

[1]  Emergence of shallow seeds Faster  Faster Faster Faster   Faster 

[2]  Maximum pre-emergent shoot length     Smaller    

[3]  Seedling mortality in broadcast seeds Less       Less 

[4]  Post-emergent growth   Slower      

[5]  Leaf area at emergence     Larger    

[6]  Maximum plant width Wider  Wider  Wider    

[7]  Plant height per biomass reproduction Smaller   Taller    Taller 

[8]  Leaf area distribution along plant height reproduction Lower  Higher      

[9]  Biomass allocation to roots More       More 

[10]  Root-system growth   Faster     Similar 

[11]  Root biomass distribution Similar  Similar      

[12]  Light conversion efficiency   Worse     Worse 

[13]  Photosynthesis efficiency in cool conditions   Worse  Similar   Worse 

[14]  Frost sensitivity emergence Better  Better     Better 

[15]  Frost sensitivity reproduction     Worse   Worse 

[16]  Wheat varieties answering to the rules       

[17]  Actual varieties      Caphorn   

[18]  Virtual varieties 5 6  4 3 5 7 5 1 2 3 5 7  5 
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Combinaisons de traits de pois x blé = f(dispositif assiociation, objectif de production)

  Additive designs Substitutive designs Incomplete designs 
A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  
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[22]  Leaf area distribution along 

plant height 
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[23]  reproduction Lower Lower Lower Higher Higher  
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[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  
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  Additive designs Substitutive designs Incomplete designs 
A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  

[21]  Leaf area per leaf biomass reproduction Smaller  Smaller Larger   

[22]  Leaf area distribution along 

plant height 

vegetative Higher Lower  Lower Higher  

[23]  reproduction Lower Lower Lower Higher Higher  

[24]  Root-system width (maximum) Similar   Wider   

[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  
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[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 
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[17]  

Shading 

response 
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[19]  
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[22]  Leaf area distribution along 

plant height 
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[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   
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B. Combinations of beneficial WHEAT characteristics a1*  a2* s1* s2* i1*  i2* 

[1]  Emergence of shallow seeds Faster  Faster Faster Faster   Faster 

[2]  Maximum pre-emergent shoot length     Smaller    

[3]  Seedling mortality in broadcast seeds Less       Less 

[4]  Post-emergent growth   Slower      

[5]  Leaf area at emergence     Larger    

[6]  Maximum plant width Wider  Wider  Wider    

[7]  Plant height per biomass reproduction Smaller   Taller    Taller 

[8]  Leaf area distribution along plant height reproduction Lower  Higher      

[9]  Biomass allocation to roots More       More 

[10]  Root-system growth   Faster     Similar 

[11]  Root biomass distribution Similar  Similar      

[12]  Light conversion efficiency   Worse     Worse 

[13]  Photosynthesis efficiency in cool conditions   Worse  Similar   Worse 

[14]  Frost sensitivity emergence Better  Better     Better 

[15]  Frost sensitivity reproduction     Worse   Worse 

[16]  Wheat varieties answering to the rules       

[17]  Actual varieties      Caphorn   

[18]  Virtual varieties 5 6  4 3 5 7 5 1 2 3 5 7  5 
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A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  

[21]  Leaf area per leaf biomass reproduction Smaller  Smaller Larger   

[22]  Leaf area distribution along 

plant height 

vegetative Higher Lower  Lower Higher  

[23]  reproduction Lower Lower Lower Higher Higher  

[24]  Root-system width (maximum) Similar   Wider   

[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  
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B. Combinations of beneficial WHEAT characteristics a1*  a2* s1* s2* i1*  i2* 

[1]  Emergence of shallow seeds Faster  Faster Faster Faster   Faster 

[2]  Maximum pre-emergent shoot length     Smaller    

[3]  Seedling mortality in broadcast seeds Less       Less 

[4]  Post-emergent growth   Slower      

[5]  Leaf area at emergence     Larger    

[6]  Maximum plant width Wider  Wider  Wider    

[7]  Plant height per biomass reproduction Smaller   Taller    Taller 

[8]  Leaf area distribution along plant height reproduction Lower  Higher      

[9]  Biomass allocation to roots More       More 

[10]  Root-system growth   Faster     Similar 

[11]  Root biomass distribution Similar  Similar      

[12]  Light conversion efficiency   Worse     Worse 

[13]  Photosynthesis efficiency in cool conditions   Worse  Similar   Worse 

[14]  Frost sensitivity emergence Better  Better     Better 

[15]  Frost sensitivity reproduction     Worse   Worse 

[16]  Wheat varieties answering to the rules       

[17]  Actual varieties      Caphorn   

[18]  Virtual varieties 5 6  4 3 5 7 5 1 2 3 5 7  5 
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A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   

[6]  Post-emergent growth Faster Slower  Faster   

[7]  Inter-plant heterogeneity in post-emergent leaf area Smaller Smaller Smaller Larger   

[8]  Maximum plant height  Smaller Taller  Similar Smaller  

[9]  Plant height homogeneity reproduction Better   Worse   

[10]  Plant width homogeneity vegetative Better  Better Worse   

[11]  
Plant width per biomass 

vegetative Narrower   Large   

[12]  reproduction Wider Wider Wider Narrower Similar  

[13]  
%biomass allocated to leaves 

emergence Less Less Less More Similar  

[14]  reproduction More More More Similar Similar  

[15]  
Leaf area distribution along plant height 

emergence Lower Higher Higher Higher Lower  

[16]  vegetative Higher Higher Higher Lower Lower  

[17]  

Shading 

response 

Plant height per biomass emergence Smaller Taller Smaller Taller Smaller  

[18]  Plant width per biomass reproduction Wider Narrower Narrower Narrower Wider Narrower 

[19]  
% biomass allocated to leaves 

vegetative More  More Less   

[20]  reproduction More Less Less Less More  
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[22]  Leaf area distribution along 

plant height 

vegetative Higher Lower  Lower Higher  
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[25]  Root biomass distribution Shallow Deeper  Deeper Shallow  

[26]  Root growth in compacted soil Better Worse  Worse Better  

[27]  Frost sensitivity reproduction    Lower   

[28]  Photosynthesis in warm conditions Worse Better Better Similar Worse  
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B. Combinations of beneficial WHEAT characteristics a1*  a2* s1* s2* i1*  i2* 

[1]  Emergence of shallow seeds Faster  Faster Faster Faster   Faster 

[2]  Maximum pre-emergent shoot length     Smaller    

[3]  Seedling mortality in broadcast seeds Less       Less 

[4]  Post-emergent growth   Slower      
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[10]  Root-system growth   Faster     Similar 
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[12]  Light conversion efficiency   Worse     Worse 
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A. Combinations of beneficial PEA characteristics a1§ a2§ s1 s2 i1 i2 

[1]  Seed dormancy Similar   More   

[2]  Germination onset Similar   Earlier   

[3]  Pre-emergent root growth speed (lower drought risk) Faster Faster Faster Slower Slower  

[4]  Pre-emergent seedling loss due to seed depth Similar   Less   

[5]  Pre-emergent seedling loss due to soil compaction Similar   More   
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emergence Lower Higher Higher Higher Lower  
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• Implications pour la gestion des adventices

– Suppression adventices: Variétés pois virtuelles > réelles → Focus sélection sur rendement

– Idéotypes de pois = f(dispositif association, variété blé associée, objectif production)

– Gestion de l'association = f(objectif production)

• Base pour des outils d'aide à la décision

– Identification de "traits de pois  traits de blé" les + influents pour

potentiel de rendement, tolérance & suppression des adventicees ➔ Sélectionneurs

– Arbres de décision pour choisir les variétés pois  blé & gestion

= f(objectif, type de système de culture)                                       ➔ Agriculteurs

• Perspectives

– Simuler situations avec stress N & H2O ou changement climatique

– Lier les paramètres compliqués FLORSYS

à des variables mesurables en routine dans les essais variétaux

24
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