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Overview



Plant protection products (PPPs)

• Products that protect plants or plant products from harmful organisms

during production and storage

• Insecticides, herbicides, fungicides

• Synthetic PPPs and biopesticides (allowed in organic agriculture)
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Evolution of PPPs

Less active substances on the

market

Development costs of PPPs

are increasing



Evolution of PPPs
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Can we feed 11 billion

people in 2100 without 

PPPs?
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Drivers of increase of the yield:

• More land for crop production

• Green revolution

• Fertilizers

• PPPs

• Adapted new varieties
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The food availability has increased more than

the population growth
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More land use is a threat to:

• Greenhouse gass emissions

• Biodiversity

• Planetary ecosystem

Close the yield gap

(green revolution bis)

Land use change has a serious impact on sustainable 

planetary boundaries: we need to increase yield efficiency
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Potential losses (40-80%) can be reduced by plant protection measures:

• Cultivation techniques (crop rotation, resistent varieties, weed 

management,…)

• PPPs

To close the yield gap plant protection is a 

crucial factor
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The decrease of crop loss by PPPs depends on 

the type of the crop and the region

Crop % losses with 

PPPs*

% losses 

without PPPs 

**

(own 

estimation)

% potential 

losses ***

Yield gain by 

PPPs

Wheat 21% (10.1-28.1) 40% 50% 19%

Rice 30% (24.6-40.9) 62% 77% 32%

Maize 22% (19.5-41.1) 55% 69% 33%

Potato 18% (8.1-21) 60% 75% 42%

Soybean 21% (11-32.4) 48% 60% 27%



Can a reduction of the use

of PPPs improve

biodiversity without yield

reduction?
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• Most extensive research: France
• In 59% farms reduction is possible without crop losses

• Reduction confirmed by other studies

• Reduction most applicable in cases of high use op PPPs

• Financial risk for the farmer (e.g. apple growing)

• Reduction with lower risks: IPM

• Effect on biodiversity still unclear
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Further reduction of PPP use is possible
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Most important drivers of biodiversity loss in agriculture

20%26%

organic conventional

1. Land use changes

• Organic: 15-30% more biodiversity at 

field level

• Yield reduction in organic farming: 20-

25%

• Land use change organic: 74% loss per 

extra ha
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2. Fertilizers

3. Acidification

4. PPPs (not all biodiversity is positive for crop production)

Most important drivers of biodiversity loss in agriculture



Are PPPs by definition bad 

for human health or for the 

environment?
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Yes, they are…

…as they mostly kill living organisms

Insecticides  effect on the water flea,

Daphnia magna

Herbicides  effect on algae
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But … no ‘by definition’ difference in toxicity

between natural/chemical PPPs
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Insecticide IPM? Organic? Toxicity

Human*

Toxicity

Environment**

Pyrethrum yes yes 1030 1.2

Deltamethrin no no 135 3.5

Parathion no no 2 2.5

Pymetrozin yes no >3000 87

Abamectin depending on 

crop

yes 10 0.34

Flufenoxuron yes No > 3000 0.04

Lower = more toxic as based on 
*Acute oral LD50 (ppm)

** Daphnia magna EC50 (ppb)



Why is risk evaluation of 

PPPs so badly perceived by 

the general public?
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Consumer perception versus scientific opinion

Public Ranking Food scientist ranking

Food additives Microbial contamination

PPP residues Nutritional imbalance

Naturally occuring

toxicants

Environmental 

contaminants

Environmental 

contaminants

Naturally occuring toxicants

Nutritional imbalance PPP residues

Microbial contamination Food additives

Ban on PPPs  increase food prices

 lower income classes would consume less F&V

 nutritional imbalance would become worse
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Legal MRL in food

GLP trials

(2  years)

Use parameters

Residue analysis

Analyzed residue

Ex. : 0,5 mg/kg fresh

produce

Good Agricultural

Practice (GAP)
Toxicology

Feeding studies with

animals (2 yr)

NOEC or NOAEC

Safety factor

100 to 1000

Extrapolation

to human

(diet)

Acceptable Daily Intake

ADI

Ex. : 11,3 mg/kg body

weightl/day
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1 mg/kg

Risk assessment by life-long (chronic)

exposure of consumers

to PPPs



But … (i) other safety factors in our daily life are 

much smaller than in PPP risk assessments 

Current advice to keep a distance between cars @ 120 km/h

As a safety factor of 100 would be applied

21

60 m

6 km



But … (ii) EU applies the ALARA principle !

ALARA = As Low As Reasonably Achievable
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Toxicology GAP

Scientific data     20 mg/kg              0,1 mg/kg

But … US MRL = 20 mg/kg 

EU MRL = 0,1 mg/kg
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Zero risk doesn’t exist. 

Neither does it exist in food production or PPP use. 

Risk is part of life. The question is: which risk level do we accept? 



Does IPM always lead to 

less PPP use?
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Step 1: 
knowledge

Step 2: 
prevention

Step 3: 
warning

Step 4: 
intervention

Step 5: 
evaluation
& planning

Crop rotation

Fertilization

Hygiene

Biodiversity

Cultivar choice

Warning service

Traps

Observation

Diagnostics

Mechanical/physical

Biological

Chemical

Diseases and pestsLife cycle

Irrigation
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Sometimes, it does….
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But… (i) invase species may trigger PPP use
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 tomato leafminer (Tuta absoluta)

tomato russet mite (Aculops lycopersici) 



But… (ii) PPPs become more specific

(= less broad spectrum)
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50s-80s 

90s-now

Aphids

Weevils

Caterpillars

Capsids

Scales

… saving predatory

mites, coccinellids, 

parasitic wasps, 

earwigs, ….



But… (iii) PPPs become shorter-lived
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Shorter-lived = less residual effect             

Agronomic efficiency

Environmental fate

☹

☺

Multiple

treatments



What are the most 

promising trends to further 

reduce PPP use?
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Step 1: 
knowledge

Step 2: 
prevention

Step 3: 
warning

Step 4: 
intervention

Step 5: 
evaluation
& planning

Crop rotation

Fertilization

Hygiene

Biodiversity

Cultivar choice

Warning service

Traps

Observation

Diagnostics

Mechanical/physical

Biological

Chemical

Diseases and pestsLife cycle

Irrigation
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Biological intervention
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Micro-organisms

Products

derived from

micro-organisms
Pheromones

Products

derived from

plants/animals

Natural 

ennemies
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Resistant cultivars
Conventional Mutagenesis

Time consuming

Narrow genetic diversity

GMO

Expensive screens

Regulatory complexity

Precise

Transgenesis    Cisgenesis Genome editing
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Smart farming

• Decision support systems

• Remote sensing with lightweight and powerful hyperspectral 

cameras combined with unmanned aerial vehicles (UAVs)



• PPPs are amongst the best studied compounds in the world. 

• Agriculture without any PPPs will compromise food security. However, 
further reduction of the use of PPPs is possible.

• On the other hand, modern crop protection can lead to more or more 
frequent use of PPPs. The concern is on the potential risk of a PPP rather 
than on the use.

• The use of PPPs leads to affordable food prices, in particular important to 
offer lower income classes access to healthy fruits and vegetables.

• At the global scale conventional agriculture (IPM) has less negative impacts 
on environment and biodiversity than other production systems.

• To reduce PPPs we need to adopt and further develop novel technologies
including resistant varieties, highly effective biopesticides and smart farming.
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Conclusions
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