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Efficient; 
Large negative externality 
costs:

Biodiversity decline
Emissions:

Nutrients
Green house gases
Pesticides;

Resilience to external 
shocks?

Current food systems
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What properties do we want our agricultural 
systems to have?

Transition is required to live within planetary boundaries 

Delivery of ecosystem services within the cropping area

Low negative externality costs of production (emissions of nutrients, pesticides)

Resilient to environmental changes

Sufficient healthy food, match a healthy diet

Give more options for land use change for bioproduction and nature restoration
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Redesign of systems

Efficiency Substitution Redesign

(*MacRae et al., 1990)​ 

3 phases in the transition to 
durability*

• Efficiency​ (green revolution)

• Substitution ​ (Sustainable Use
Regulation/ Farm to Fork)

• Redesign (not yet realised)

So far focus has been:​

• Increasing the efficiency (e.g. 
simplification, mechanisation, 
economies of scale, crop
protection products)​

• Substitution of chemical
measures by mechanical, 
physical or biological control 
measures has been the
principal drive

Truly integrated pest, disease
and weed control requires a 

redesign of the system
A complex step towards

durability:

• A paradigm change towards
Integrated Crop Managment

• From single (season) 
targeted control measures
towards an integrated, multi-
season, farm or regional level 
integrated approach.
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There is no single future scenario

Adapted from Jan-Eelco Jansma & Ellen Bulten
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A framework for redesigning crop protection

1. Crop diversity
2. Robust cultivars
3. Soil management
4. Direct, smart and precise, control techniques
5. Proper monitoring & evaluation (and adaptation)

IWMPRAISE EU grant agreement Nº 727321

Adapted from: www.iwmpraise.eu, Riemens et al (Eur. Journ of Agronomy, 2022)

Soil
managementTargeted

control

Cultivar
choice &
cropping
strategy

Monitoring 
& 

evaluation

Crop 
diversity in 

time & space

ICM

ICM- Integrated Crop Management

http://www.iwmpraise.eu/
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Start of development: IWM

Integrated Weed Management 
focuses on the management of 
weed populations at a time 
scale extending the current 
growth season by impacting 
weeds during several parts of 
the weed life cycle, either 
through:

Reduction of seed rain;
Prevent establishment of 
weed seedlings;
Prevent seedlings to mature.

IWMPRAISE
EU grant agreement Nº 727321

Mature 
plants

2

SeedsSeedlings 1

3

Crop rotation
Cover crops
Intercropping
Clean seed
Seedbed preparation
Flaming

Type and depth of 
cultivation
Pre-emergence herbicides
Allelopathic compounds
Mulching (dead and 
living)
Field margin management

Prevent the establishment of weeds

Cultivar choice
Seed vigour
Transplanting
Sowing date
Seed rate
Sowing depth
Sowing pattern
Nutrient placement

Liming
Water management
Post-emergence herbicides
Mechanical weeding
Thermal weeding
Patch/band spraying
Biological control

Reduce the impact of weeds on the crop

Cleaning of machinery
Stubble management
Weed seed collection

& destruction
Pre-harvest herbicides

Hand weeding
Mowing
Grazing

Reduce seed return
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Planting / 
sowing date

Seed
rate

Sowing
depth
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choice: 

tolerance / 
suppression

Planting 
instead of 

sowing

Soil
management

Targeted
control

Cultivar 
choice & 
cropping
strategy

Monitoring & 
evaluation

Crop
diversity in 

time & space

Integrated
Weed 

Management

Alternative
substrate

Seed
priming

Mixed 
cropping

Rotation
Cover 
crops

Living 
mulch

Field
margin

management 

Stubble
cultivation

Water  
management

Nutrient
management

Seedbed
preparation

Tillage
type

Cultivation
depth

Hygiene
measures

Dead 
mulching & 

covering

Biocontrol

Anaerobic 
soil 

desinfestation

Herbicides
- post em. 

- pre-harvest

Pre em. 
herbicides

Mowing
Hand 

weeding
Mechanical

weeding

Band / 
spot spraying

Thermal
weeding

Weed seed
collection & 
destruction

Farm 
management 

systems

Sampling & 
scouting

Yield
quantity & 

quality

Sensor 
technology

DSS 
Nemadecide

monitoring

Supportive
tactics

Pillar
Reduce
impact

Reduce
propagation

Prevent
establishment

IWMT Schemaviewer (iwmtool.eu)

https://framework.iwmtool.eu/
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Biostimulants

Scouting & 
sampling

Alternate
host 

control

Seed
coating

Crop residue
management

Water 
management

Nutrient
management

Tillage
type

Volunteer
control

Remote 
sensing

technology
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pleksgewijs
(variabel) 
toedienen
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Damage & 
action 
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Biocontrol
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date

Storage 
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treatment
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Physical
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choice: 
resistance

Integrated
Disease

Management
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management

Targeted
control
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choice & 
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Monitoring & 
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Rotation
Cover 
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mulch

Planting / 
sowing
date

Seed
rate

Cultivar 
choice: 

tolerance

Planting 
instead of 

sowing

Seed
priming
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management 

systems

Sampling & 
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Yield
quantity & 

quality

Alternative
substrate

Hygiene
measures

Dead 
mulching & 

covering

Healthy
cropping

tool
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soil 

desinfestation

Band / 
spot spraying

Best4Soil
support tool

Supportive
tactics

Pillar
Reduce
impact

Reduce
propagation

Prevent
establishment
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Stem 
nematode 

cultivar 
diagnostics

Rotation
Cover 
crops

Cropping 
frequency

Best4Soil
support tool

DSS 
Nemadecide

planning

DSS 
Nemadecide

planning

Soil quality 
plan 

nematodes

Organic 
matter

Catch 
crops

Nemato-
statica

Nematicides

Biocontrol

Integrated
Nematode 

Management

Soil
management

Targeted
control

Cultivar 
choice & 
cropping
strategy

Monitoring & 
evaluation

Crop
diversity in 

time & space
Harvest 

date

CATT
Hot water 
treatment

Cultivar 
choice: 

resistance

Planting / 
sowing
date

Seed
rate

Cultivar 
choice: 

tolerance

Planting 
instead of 

sowing

Seed
priming

Biostimulants

Crop residue
management

Water 
management

Nutrient
management

Tillage
type

Alternative
substrate
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measures

Alternate
host 

control

Remote 
sensing

technology
Inundation

Anaerobic 
soil 

desinfestation

Band / 
spot spraying

Farm 
management 

systems
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scouting

Yield
quantity & 

quality

Healthy
cropping

tool

Sensor 
technology

DSS 
Nemadecide

monitoring

Supportive
tactics

Pillar
Reduce
impact

Reduce
propagation

Prevent
establishment

Adapted from: Sikora et al., 2022 
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Redesign crop systems for pest, disease, and weed 
management

14

Objective: to reduce pesticide dependency, no use of Candidates for Substitution (CFS)

Sand, 2020-2027 Clay, 2018-2025 Farm of the Future, 2020-2024
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Redesign crop systems based on ICM

PPS Akkerbouw op Zand BO Groene Gewasbescherming  
Vredepeel Lelystad

Cultivar
choice &
cropping
strategy

Crops frequency

Potato 1:4

Sugarbeet 1:4

Winterwheat 1:8

Maize 1:8

Carrot 1:8

Seeding onion 1:8

Crops frequency

Potato 1:4

Sugarbeet 1:8

Winter wheat 1:8

Cabbage 1:8

Carrot 1:8

Seeding onion 1:8

Grass clover 1:8

Since 
2020

Since 
2018

Goal: increased independency of pesticides without CfS
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Preliminary results 

In ICM:
• CFS reduced by 100%
• Pesticide reductions from 20-90% depending on year and crop, 

average ~50%
• The economic yield loss in ICM is 5-10% compared to the 

reference system
• Environmental impact strong reduction

But note- this system changes the supply/demand equation 
and so what will this mean for uptake? 
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A framework for redesigning crop protection

1. Crop diversity
2. Robust cultivars
3. Soil management
4. Direct, smart and precise, control techniques
5. Proper monitoring & evaluation (and adaptation)

IWMPRAISE EU grant agreement Nº 727321

Adapted from: www.iwmpraise.eu, Riemens et al (Eur. Journ of Agronomy, 2022)
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ICM- Integrated Crop Management

http://www.iwmpraise.eu/
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EU CAP Network workshop 
‘Innovative arable crop protection - using pesticides 

sustainably’
19-21 April 2023

Amsterdam, The Netherlands

All information on the workshop is available on the event webpage: 
https://eu-cap-network.ec.europa.eu/events/eu-cap-network-workshop-innovative-arable-crop-protection-using-pesticides-sustainably_en

https://eu-cap-network.ec.europa.eu/events/eu-cap-network-workshop-innovative-arable-crop-protection-using-pesticides-sustainably_en
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