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• Climate change  Quantify competition of weed and crop species for water

– Which morphological traits are affected by water stress?

– Does the effect depend on plant species?
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A high throughput

phenotyping platform

Souche-Suchovsky (2021) M2 thesis, Moreau et al (in revision) Weed Res
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• Sampling dates
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Souche-Suchovsky (2021) M2 thesis, Moreau et al (in revision) Weed Res
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Key morphological traits

from FLORSYS model
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7 water regimes
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water
loss

More soil
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= introduce
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• Climate change  Quantify competition of weed and crop species for water

– Which morphological traits are affected by water stress?

– Does the effect depend on plant species?
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• Crop "topping"  limit weed seed return to soil seed bank ("protect" future crops)
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= repeat experiments (more years, more crops, more weeds)
= introduce into FLORSYS model
 Establish generic management rules



Knowledge, tools and solution for agroecological weed management – N. Colbach et al – June 2022

• Use FLORSYS to run virtual experiments and answer contrasting questions
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Dates and tools for false seed bed operationsCrop sowing dates

Weed indicators of crop yield loss due to weeds

Identify species traits that drive competitveness

Hundreds of farmers' systems from many regions
to identify sustainable how-herbicide systems

Simulate thousands of recorded & 
virtual systems to feed DSS

Systems with herbicide-
tolerant varieties

Assess systems designed by advisors
and participatory workshops

Cropping-system trials
extrapolate

Optimize techniques for weed management decision rules

Colbach et al 2005 Weed Res Labreuche et al 2020 Innov Agron, Boquet et al in prep

Identify indicators for field measurements

Colbach & Cordeau 2018 Eur J Agron

Crop ideotypes for weed management
Identify pea ideotypes

Colbach et al 2019 Field Crops Res Colbach et al 2022 Frontiers Plant Sci

Identify wheat ideotypes
Lebreton et al in prep

Multi-criteria evaluation of weed impacts in cropping systems

Support cropping-system design

Combine FLORSYS with
optimization algorithms

Colbach & Cordeau 2018 Eur J Agron, 2022 Frontiers AgronBürger et al 2013 Agric Syst Colbach et al 2021 Field Crops Res

Cavan et al 2020 Innov Agron, Queyrel et al submitted

Agric Syst
Perthame et al in revision

Zheng 2022 M2 thesis

Colas 2018 PhD thesis, Boquet et al in prep
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• Pea ideotype for weed control in herbicide-free spring pea
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max

min

Range of
variation for all 
pea varieties

Range 
for

ideotype

Post-emergence

66

4

cm/g

27

15

Threshold
for max

photosyn-
thesis

°C

Characteristics if early pea sowing & frequent tillage in rotation

Less damage
due to

mechanical
weeding

0.12

-0.33

0.59

0.27

g/g

Reproduction

More light 
interception and
weed shading

until full maturity

Vegetative

4.6

1.9

0.61

-0.30

cm/g

More 
shade

avoidance

More light 
interception

More biomass
accumulation
in early plant 

life

Colbach et al 2022 Frontiers Plant Sci

N

17 pea varieties
in 3600 cropping
systems
x 10 weather
repetitions
x 30 years

Why
weeds?

Project
steps

Greenhouse
experiments

Field 
experiments

Participatory
workshops ConclusionModel Simulations



Knowledge, tools and solution for agroecological weed management – N. Colbach et al – June 2022

Cavan et al 2020 Innov Agron, Queyrel et al submitted

Agric Syst

• Use FLORSYS to run virtual experiments and answer contrasting questions

17

Dates and tools for false seed bed operationsCrop sowing dates

Weed indicators of crop yield loss due to weeds

Identify species traits that drive competitveness

Hundreds of farmers' systems from many regions
to identify sustainable how-herbicide systems

Systems with herbicide-
tolerant varieties

Assess systems designed by advisors
and participatory workshops

Cropping-system trials
extrapolate

Optimize techniques for weed management decision rules

Colbach et al 2005 Weed Res Labreuche et al 2020 Innov Agron, Boquet et al in prep

Identify indicators for field measurements

Colbach & Cordeau 2018 Eur J Agron

Crop ideotypes for weed management
Identify pea ideotypes

Colbach et al 2019 Field Crops Res Colbach et al 2022 Frontiers Plant Sci

Identify wheat ideotypes
Lebreton et al in prep

Multi-criteria evaluation of weed impacts in cropping systems

Support cropping-system design

Combine FLORSYS with
optimization algorithms

Colbach & Cordeau 2018 Eur J Agron, 2022 Frontiers AgronBürger et al 2013 Agric Syst Colbach et al 2021 Field Crops Res

Perthame et al in revision

Zhen 2022 M2 thesis

N

Simulate thousands of recorded & 
virtual systems to feed DSS
Colas 2018 PhD thesis, Boquet et al in prep

Indicator 1 Indicator 2 Indicator 3 …

4 7 0

1 9 3

9 10 3

2 2 5

2 0 4

1 4 0

3 6 10

7 6 2

9 0 9

2 0 0

3 3 1

5 2 1

Objective 1 Objective i Objective n

> 20% spring 

crops in rotation

>Plough 1 yr / 5

< 3 winter till/yr

< 20% 

spring crops

< plough 1yr/5

> 3 winter till/yr

http://www.odera-systemes.org/

available soon

Why
weeds?

Project
steps

Greenhouse
experiments

Field 
experiments

Participatory
workshops ConclusionModel Simulations



Knowledge, tools and solution for agroecological weed management – N. Colbach et al – June 2022 18

Design

Analysis

Evaluation

AIMS

Reference

Cropping system 
Trophic resources for Damage to crop production Herbicide 

use 
intensity Carabids Bees 

Yield 
loss 

Harvest 
pollution 

Field 
infestation 

Reference (OSRape/Wheat/Wheat/Barley) 4.65 1.59 45.8 2.82 1.51 1.71 
Prototype A  4.6 1.59 31.8 2.37 1.02 0.57 
Prototype B  5.11 1.66 25.5 2.09 0.87 0.56 
B1 = B + mechanical weeding 4.82 1.6 23.7 2.03 0.84 0.56 
B2 = B + mech weeding instead of herbicides 5.01 1.67 24.2 2.11 0.99 0 
B3 = B2 + lentil instead of lucerne 5.07 1.74 40.6 2.68 1.28 0 

 

Queyrel et al submitted Agric Syst

Decision trees
Objective 1 Objective i Objective n

> 20% spring 

crops in rotation

>Plough 1 yr / 5

< 3 winter till/yr

< 20% 

spring crops

< plough 1yr/5

> 3 winter till/yr

Why
weeds?

Project
steps

Greenhouse
experiments

Field 
experiments Simulations ConclusionModel Participatory

workshops



Knowledge, tools and solution for agroecological weed management – N. Colbach et al – June 2022

Indicator 1 Indicator 2 Indicator 3 …

0 0 1

3 5 4

0 3 1

10 9 10

7 8 4

2 2 5

4 10 9

7 5 1

2 2 1

10 0 1

7 2 2

8 8 3

Calculator

19

Design

Analysis

Evaluation

AIMS

Reference

Cropping system 
Trophic resources for Damage to crop production Herbicide 

use 
intensity Carabids Bees 

Yield 
loss 

Harvest 
pollution 

Field 
infestation 

Reference (OSRape/Wheat/Wheat/Barley) 4.65 1.59 45.8 2.82 1.51 1.71 
Prototype A  4.6 1.59 31.8 2.37 1.02 0.57 
Prototype B  5.11 1.66 25.5 2.09 0.87 0.56 
B1 = B + mechanical weeding 4.82 1.6 23.7 2.03 0.84 0.56 
B2 = B + mech weeding instead of herbicides 5.01 1.67 24.2 2.11 0.99 0 
B3 = B2 + lentil instead of lucerne 5.07 1.74 40.6 2.68 1.28 0 

 

Queyrel et al submitted Agric Syst

Decision trees
Objective 1 Objective i Objective n

> 20% spring 

crops in rotation

>Plough 1 yr / 5

< 3 winter till/yr

< 20% 

spring crops

< plough 1yr/5

> 3 winter till/yr

Why
weeds?

Project
steps

Greenhouse
experiments

Field 
experiments Simulations ConclusionModel Participatory

workshops



Knowledge, tools and solution for agroecological weed management – N. Colbach et al – June 2022

Decision trees
Objective 1 Objective i Objective n

> 20% spring 

crops in rotation

>Plough 1 yr / 5

< 3 winter till/yr

< 20% 

spring crops

< plough 1yr/5

> 3 winter till/yr
Indicator 1 Indicator 2 Indicator 3 …

0 0 1

3 5 4

0 3 1

10 9 10

7 8 4

2 2 5

4 10 9

7 5 1

2 2 1

10 0 1

7 2 2

8 8 3

Calculator

20

Design

Evaluation

AIMS

Reference

Queyrel et al submitted Agric Syst

Analysis

Cropping system 
Trophic resources for Damage to crop production Herbicide 

use 
intensity Carabids Bees 

Yield 
loss 

Harvest 
pollution 

Field 
infestation 

Reference (OSRape/Wheat/Wheat/Barley) 4.65 1.59 45.8 2.82 1.51 1.71 
Prototype A  4.6 1.59 31.8 2.37 1.02 0.57 
Prototype B  5.11 1.66 25.5 2.09 0.87 0.56 
B1 = B + mechanical weeding 4.82 1.6 23.7 2.03 0.84 0.56 
B2 = B + mech weeding instead of herbicides 5.01 1.67 24.2 2.11 0.99 0 
B3 = B2 + lentil instead of lucerne 5.07 1.74 40.6 2.68 1.28 0 

 

Why
weeds?

Project
steps

Greenhouse
experiments

Field 
experiments Simulations ConclusionModel Participatory

workshops



June 02 and 03, 2022 European Scientific Conference - Towards Pesticide Free Agriculture

p. 21

Essential to juggle with the many techniques, objectives, conditions 
 determine flexible rules adapted to local conditions

All models are false but some are useful
 continuously check model outputs and conclusions vs field observations

Conclusion

A generic model to synthesize and transfer knowledge to stakeholders

Ensure that research results are applicable in fields

Implicate stakeholders in research
 participatory science

Go beyond multicriteria weed evaluation
 multicriteria cropping-system evaluation of all aspects of sustainability
 need and connect several evaluation tools

Train future farmers, advisors (and not only scientists)

N
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