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Production
(amount, quality)

- How much do they reduce yield?

- Which weed variable is a good 

indicator of future yield loss?

1. Effect of weeds on production 

in cropping systems?



Cropping system

Herbicides
(molecules, rates, 

dates, spray pattern...)

Other 

techniques
(rotation, tillage, 

sowing date...)

Context and objectives

4

Weed flora
(abundance, 

biomass, richness)

2. Effect of herbicides on weeds and production 

in cropping systems?

Introduction – Material & methods – Weed effects – Herbicide effects – Cropping systems – Conclusion

Production
(amount, quality)

- Do they reduce weeds?

- When are they applied?

1. Effect of weeds on production 

in cropping systems?
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3. Which cropping systems to limit weed-related yield loss?

2. Effect of herbicides on weeds and production 

in cropping systems?
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Context and objectives
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272 cropping systems

7 regions

Surveys, Biovigilance, advisors, design…

Identify farmers' practices

Material and methods: virtual experiments

7
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272 cropping systems

7 regions

Surveys, Biovigilance, advisors, design…

Identify farmers' practices

3. Virtual experiments

Virtual experiments
Sow Harvest

Crop Weed

3D canopy

Daily time-

step

Yield

Weeds

8
Introduction – Material & methods – Weed effects – Herbicide effects – Cropping systems – Conclusion

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

Mézière et al 2015 Ecol Indi



272 cropping systems

7 regions

Surveys, Biovigilance, advisors, design…

Identify farmers' practices

Virtual experiments

3. Virtual experiments
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Simulation plan (30 years x 10 weather repetitions)

(Colbach & Cordeau 2018 EJA)

Sow Harvest

Crop Weed

Daily 

time-

step

Yield

Weeds

Scenario Herbicide Weeds

Reference Farmers' practices Regional flora

Weed-free Farmers' practices None

Herbicide-free None Regional flora

Effect of 

weeds

Effect of 

herbicides
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 Yields loss >> 0

Weeds reduce crop production

10

Yield loss (%) =

100 (Yield without weeds – yield with weeds)

Yield without weeds

36%

(Colbach & Cordeau 2018 EJA)
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Annual scale



Yield loss is linked to weed biomass

11

(Colbach & Cordeau 2018 EJA)
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R²=0.80

Biomass weeds/crops at flowering(g/g)

Annual scale

 Linked to weed 

biomass (density)

Yield loss > 0

if weed biomass > 

0.003 crop biomass

0.003 1.01



Yield loss is linked to weed biomass
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R²=0.80

Biomass weeds/crops at flowering(g/g)

Annual scale

 Linked to weed 

biomass (density)

Yield loss > 0

if weed biomass > 

0.003 crop biomass

R² = 0.92, p<0.0001

Rotation scale

 + visible at rotation vs 

annual scale

0.003 1.01



 No link with herbicide use intensity

Weeds do not depend on farmers' herbicide use intensity
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p=0.36

TFI herbicide

(Colbach & Cordeau 2018 EJA)
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TFI = treatment frequency index
= number of herbicides at full 

dosage sprayed over whole 

field per year



 No link with herbicide use intensity

Weeds do not depend on farmers' herbicide use intensity
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p=0.36

TFI herbicide

 No link with herbicide use intensity

 Even though herbicides are efficient

Comprehensive 

herbicide efficiency

Weeds at flowering – simulations 

with vs. without herbicides with 

same weed flora before the 

herbicide treatment

Farmers compensate reduced herbicide use with other measures

(Colbach & Cordeau 2018 EJA)
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Herbicide use intensity depends on other practices 
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Low HighHerbicide use intensity

Origin of cropping systems

Tillage Oct-March
> 1 year/3 < 1 year/3

TFI=1.3 TFI=2.1

Data origin TFI

Farm survey 1.89 A

Farm field network 1.86 A

Cropping system trials 1.82 A

Crop advisors 1.56 B

Designed with decision trees 1.38 C

Mechanical

weeding> 0.7/year
< 0.7/year

TFI=1.4

TFI=0.24

(Colbach & Cordeau 2018 EJA)
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When herbicides are deleted ...
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 Loss increases if herbicides taken out without compensation

 + visible at rotation vs annual scale

36%

58%

+12%

+5%

(Colbach & Cordeau 2018 EJA)
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How to reduce crop yield loss?
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<21% winter crops, ≥88 spring crops
1st tillage ≥ 129 days since harvest

≥ 21% winter crops and < 88% spring crops
1st tillage < 129 days since harvest

No spring crop monoculture
≥ 1.3 summer tillage/year
≥ 1.5 superficial tillage/year
Tillage dates vary from year to year
Spring crops harvested after 5 oct 
(maize)

Spring crop monoculture
<1.2 summer tillage/year
<1.5 superficial tillage/year
Constant tillage dates
Spring crops harvested before 5 oct

1st tillage < 17 days since harvest 
≥2.4 summer and ≥1.0 winter tillage/year
≥ 3.3 superficial tillage/year
1st roll <72 days since harvest
Burgundy, Picardie

1st tillage 17-129 days since harvest
<2.4 summer and <1.0 winter tillage/year
< 3.3 superficial tillage/year
1st roll ≥ 72 days since harvest
Aquitaine, Catalonia, Paris Bassin, Moselle, Poitou

2.4-3 summer tillage/year
≥1.0 winter tillage/year
Tillage < 10 cm
1st roll < 70 days since harvest
≥ 25% multi-mode herbicides
<25% pseudo-root herbicides

≥ 3 summer tillage/year
1.0 winter tillage/year
Tillage ≥ 10 cm
1st roll 70-72 days since harvest
< 25% multi-mode herbicides
≥ 25% pseudo-root herbicides

0.1-1 winter tillage/year
Tillage ≥ 7 cm and max tillage ≥ 12 cm
Tillage depth varies among years
Occasional plough

< 0.1 winter tillage/year
Tillage < 7 cm and max tillage < 12 cm
Tillage depth constant among years
No plough

Tillage depth = 10 cm
≥ 1 herbicides/year
and variable among years
1st herbicide < 136 days 
after sowing
Last herbicide ≥ 199 days 
before harvest

21-64% winter crops
33-88% spring crops
Crop cover < 67% year
Plough ≥ 112 days 
before sowing and ≥ 
116 days since harvest 
(or no plough)

≥ 64% winter crops
<33% spring crops
Crop cover ≥ 67% year
Plough < 112 days 
before sowing and < 
116 days since harvest 
(or no plough)

YL = 45

YL = 12 YL = 53

YL = 42

YL = 3.9 YL = 21

YL = 46

YL = 71 YL = 29 YL = 59 YL = 39 YL = 46 YL = 63YL = 15

YL = 32 YL = 56

YL = 40

YL = 62

YL = 75

YL = 59

≥ 28% winter crops
< 55% spring crops
Plough date < 88 days to sowing
≥ 0.13 plough/year
< 6 crops in rotation
Last till < 40 days to sowing

21-28% winter crops
55-88% spring crops
Plough date ≥ 88 days to sowing
< 0.13 plough/year
≥ 6 crops in rotation
Last till ≥ 40 days to sowing

YL = 61

<0.3 mech. Weeding/year and 
constant among years
1st mech weeding ≥ 160  days 
after sowing
Winter-crop harvest < 24 July
< 0.7 shredding/year
Last mech weeding ≥ 174 days 
before harvest

≥0.3 mech. Weeding/year and 
variable among years
1st mech weeding < 160  days 
after sowing
Winter-crop harvest > 24 July
≥ 0.7 shredding/year
Last mech weeding < 174 days 
before harvest

21-55% winter crops
Tillage depth < 8 cm and 
constant among years
Burgundy
Crop cover < 64%/year
Winter crops sown ≥ 13 Oct

≥ 55% winter crops
Tillage depth 8-10 cm and 
variable among years
Poitou
Crop cover ≥ 64%/year
Winter crops sown < 13 Oct

Tillage depth < 10 cm
< 1 herbicides/year and 
constant among years
1st herbicide ≥ 136 d after 
sowing
Last herbicide < 199 d 
before harvest

N=580 N=480 N=180 N=530 N=120 N=29 N=730 N=160 N=278 N=1440 N=520

Low                                                   Yield loss                                              High

(Colbach & Cordeau 2018 EJA)
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How to reduce crop yield loss?
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<21% winter crops, ≥88 spring crops

1st tillage ≥ 129 days since harvest

No spring crop monoculture

≥ 1.3 summer tillage/year

≥ 1.5 superficial tillage/year

Tillage dates vary from year to year

Spring crops harvested after 5 oct 

(maize)

N=520

YL = 75

Low                                                   Yield loss                                              High

YL = 3.9

≥ 21% winter crops 

and < 88% spring crops

1st tillage 17-129 days since harvest

< 2.4 superficial tillage/year

1st roll ≥ 72 days since harvest

No winter tillage

Tillage < 7 cm and max tillage < 12 cm

Tillage depth constant among years

No plough
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Methodology is important to detect weed & herbicide effects
- Scale: rotation >> annual

- Weed state variable: biomass >> density

- Farmers' mental models: a technique is reasoned = f(other techniques)

Implications for weed management
- Weeds  production (quantity and quality)

- Eliminating herbicides  weeds/yield loss if no compensation

- Weeds/Yield loss can be reduced with few or no herbicides

Limits
- Model limited to crop:weed competition for light (but see Moreau)

- Beneficial weed effects on crop auxiliaries were neglected

Perspectives
- Identify traits driving yield loss (see Colbach et al)

- Guidelines for farmers

Conclusion
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