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2.1 The crop protection toolbox

2.1.1  The basics of crop protection
Agriculture is the selective control and manipulation of plant and animal reproduction 
and growth for the benefit of human use. It usually represents a significant disturbance 
of natural ecosystems displacing many of their elements to use the existing natural 
resources (e.g. soil, water, light) in order to grow a few agronomic species, selected 
for their high value for humans, and creates artificial concentrations of a relatively few 
species. Unintentionally this also both provokes reactions from, and provides favour-
able food and breeding conditions for, a wide range of unwanted plants, animals, 
insects, nematodes and microbes. These variously termed pests, diseases, pathogens 
and weeds, are seen as competition and threats to the productivity of agriculture. There 
is a very wide range of pests which attack or compete with agricultural crops.

Agricultural developments in the last century have resulted in a reduction in the number 
of crop species on individual farms, reduced soil fertility and landscape homogenisa-
tion. Together, these elements have reduced the resilience of our agricultural system to 
mitigate the development and impact of pest attacks and made crop protection man-
agement an even more fundamental part of our agricultural system.

Pests can impact on the physiology of the crop plant or physically damage it, and the 
impact can range from localised to crop wipe-out, from slight to fatal, slow or rapid-
ly developing and spreading. The impact can be transient, for part, or the whole of 
one season, or can be persistent affecting future seasons too. The economic effects are 
a mix of increased uncertainty, reduced physical yield of the crop, impaired product 
quality and raised production costs. These reduce returns, raise costs and decrease net 
margins1. It has been estimated that, globally, crop losses to pests could amount to an 
average of 50% for the major crops, and up to 75%, if crop protection tools (all types 
included) were not used, compared to 30% when they are used (Oerke, 2006). There is 
wide regional variation around these figures. Particularly significant are the losses due to 
weeds, considered the main contributors to yield losses (Keulemans et al., 2019). How-
ever, the potential loss is not fully known, natural enemies and resistant traits in plants 
could be providing up to 90% of current crop protection (Pimentel and Burgess, 2014).

Reducing crop losses has been a priority for farmers and land managers since the start 
of agriculture. There are many mechanisms through which crops can be protected from 
pests including agronomic practices and direct elimination of pests through manual 
(physical), biological or chemical control techniques. The first known pesticide was 
an elemental sulphur dusting used about 4500 years ago in Mesopotamia (Pandya, 
2018). Sulphur has been used throughout the history of agriculture and it is still an im-
portant fungicide and acaricide used in both conventional and organic farming (Pauls-
en, 2005). The first documented example of biological control dates back to 304 A.D., 
when weaver ants were introduced against citrus pests in the Kwantung province of 
China (Deguine et al., 2017). From the late 19th century, research developments in the 
field of microbiology (bacteriology) provided interesting insights for agronomic science. 
Louis Pasteur first expressed the idea that the best way of combating insect pests could 
be the use of microbes. Using Pasteur’s techniques, Felix d’Hérelle published his work  
 
 

1 This is the conventional wisdom, that the additional returns from using more variable inputs (fertilisers and 
PPPs) more than offsets their additional costs. However, as will be noted later in this report there is some evi-
dence to show that the savings to organic farmers from having zero fertiliser and much lower PPP costs more 
than offsets their lower yields. There are complicating factors in such comparisons (crop mix, organic premia, 
different support payments) and in any case these studies are based on small samples. 
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on the use of microbes in biological control in 1914. Manual, physical, techniques 
have always been part of the toolkit to protect crops against pests. Examples are: winter 
pruning, manual removal of insects and manual and mechanical weeding.

2.1.2  The crop protection toolbox
The crop protection toolbox available to EU farmers can be defined as those elements 
that constitute Integrated Pest Management (IPM) as promoted in the Sustainable Use 
of Pesticides Directive (SUD) (2009/128/EC). IPM consists of a set of tools, often hier-
archically organised, which define a path for crop protection management consisting 
in prevention, monitoring and action.

An imaginative and helpful way of depicting the principles of IPM which give priori-
ty to avoiding pest damage, then minimising its impacts first by encouraging natural 
resistance using cultural approaches, and then by biological means before resorting 
to synthetic PPPs is the triangle shown in Figure 1 devised by the Pesticides Action 
Network (PAN) and the International Biocontrol Manufacturers Association (IBMA). An-
nex III of the SUD describes the eight principles that guide IPM. The first principle is to 
give priority to prevention and/or suppression of harmful organisms by following the 
range of options shown in the base layer of the IPM triangle. The second principle is to 
apply adequate tools to monitor and forecast and provide early warning of harmful 
organisms. Based on this information, Principle 3 guides the professional user to decide 
when and where to apply plant protection measures. Region-specific threshold values 
for harmful organisms should be considered in this decision-making process. Principle 
4 advocates that sustainable, biological, physical and other non-chemical methods2 
must be preferred to chemical methods if they provide satisfactory pest control. PPP se-
lection appears as the 5th principle and should be as specific as possible for the target 
and have the least side effects on human health, non-target organisms and the environ-
ment. Principle 6 asks farmers to keep the use of PPPs and other forms of intervention to 
minimum levels that are necessary by reduced doses or reduced application frequency. 
Principles 7 focuses on the application of available anti-resistance strategies. These 
strategies should be applied where the risk of resistance against a plant protection 
measure is known and where the level of harmful organisms requires repeated appli-
cation frequency. Finally, principle 8 encourages the evaluation of the success of the 
applied plant protection measures, based on records on the use of pesticides and on 
the monitoring of harmful organisms.

2 ‘Non-chemical methods’ means alternative methods to chemical pesticides for plant protection and pest man-
agement, based on agronomic techniques such as those referred to in principle 1 of the IPM triangle, or 
physical, mechanical or biological pest control methods.
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Below each of the elements of crop protection are classified into five main groups: 
agronomic practices, physical, chemical control and precision agriculture and breed-
ing. They are explained in detail below. There is some overlap of tools among groups 
for example monitoring and forecasting of pests and disease can play a role in each 
group. Data is currently lacking on the extent to which each of these measures is taken 
up among EU farmers.

A  Agronomic practices and landscape management tools

The objective of these tools is to prevent pests by increasing the resilience of agricul-
tural systems to these undesirable organisms. This is achieved by regenerating and 
enhancing the natural capacity of soils and landscape elements to combat pests and 
diseases. The main practices are listed in Table 1. Their aims are to: increase the pest 
control function of the soil (soil preparation, crop rotations, use of mulches), increase 
the population of natural enemies or antagonists (under-sowing, intercropping, field 
margins), reduce the opportunity for pests to develop and spread/reduce pest pressure 
(crop rotations, intercropping, crop diversification, hedgerows), and increase the re-
sistance of crops to pests (choice of seeds and seed diversification). Careful planning 
and execution of cultivations, sowing time and densities can also contribute to reduce 
the competition between crop and weeds, favouring the development of the crop. Pest 
outbreaks and spread can also be limited through good management of inputs such as 
fertilisers and water.

1  Prevention and/ 
or suppression

2  Monitoring

3  Decision-making

4  Non-chemical methods

8  Evaluation 
7  Anti-restistance strategies
6  Reduced pesticide use
5  Pesticide selectionChemical  

control

Biological  
control

Mechanical, 
physical, 

natural 
control

Monitoring, forecasting, warning systems

Agronomic 
practices 
such as  

crop rotation, 
resistant  
varieties, 

undersowing, 
intercropping, 

protection and 
enhancement of 

beneficials

Biological controlPhysical controlMonitoringAgronomic practices

IPM triangle from Pan-Europe
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Figure 1 Simplified diagram of the 8 principles of IPM according to Annex III of Directive 2009/128/EC 
(Source: Triangle from PAN-Europe, IBMA and IOBC, titles from Barzman et al. 2015)



AGRONOMIC PRACTICES LANDSCAPE MANAGEMENT

Crop rotations Crop diversification

Under-sowing Seed diversification

Intercropping Field margins

Time of planting (early sowing) and densities Hedgerows

Soil preparation and management

Use of mulches

Resistant seed varieties

Strip cultivation/mixed cropping

Table 1 Main agronomic and landscape practices for pest control (input from EC. 2017a)  

Some of the practices listed in Table 1 relate to the nature of the seed that is planted. 
Resistant seed varieties can be obtained by traditional methods of crop improvement or 
using technological processes of gene editing3 (this is further discussed in section 4.6 
of the main report).

B  Physical crop protection tools

Physical crop protection tools deal primarily with weeds. There are two main groups of 
measures, those preventing weed development and those eliminating weeds. The first 
group includes mulching and plastic covers, often used in organic agriculture, and the 
second one includes practices such as direct weed removal and cultivations. These es-
pecially require good knowledge, experience and attention to detail of crop and weed 
growth to achieve best timeliness of cultivating and sowing for optimal control. It means 
careful attention to rotations and judicious use of spring cultivation and sowing. One 
key principle for annual weed control is to strive to prevent them from seeding – i.e. 
cultivating them before they set seed. One such technique is weed strike or false seed 
bed. That is, preparing the field for sowing some time before actually drilling the crop, 
allowing the weed seeds to germinate before cultivating to destroy the seedlings imme-
diately before sowing the crop. Perennial weeds are dealt with through rotations and 
cultivations in summer to allow the sun to desiccate the rhizomes of, for example, couch 
grass. Physical barriers can also work against insect pests, such as carrot fly (Boiteau 
and Vernon, 2001). In lettuce, aphids can be prevented by covering the crop with a 
certain cloth/netting. The mass trapping of insects in water traps and UV light can also 
be effective to deal with moths.

C  Biological pest control4

Biological pest control is first and foremost an ecosystem function. In a well-functioning 
agricultural system, naturally occurring beneficial organisms (natural predators) can 
reduce pests without human intervention in what is known as natural biological control. 
There is no agreed definition of this concept although the focus is placed on the use of 
beneficial organisms to control other living organisms (“pests”). Therefore, the use of 
biological pest control tools in agricultural systems aims to restore, support or introduce 
elements that can enhance the naturally occurring ecosystem service.

3 There is much controversy at the moment in the EU in relation to the role that these new gene editing techniques 
need to play in the future of EU agriculture. This is addressed in Chapter 4 of this document.

4 This section focuses on pest control by natural predators (macrobials and microbials). Other forms of pest and 
weed control using natural substances and semio-chemicals are included in the following section on chemical 
control.
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Biological pest control is a key component of sustainable crop production (Bale et al., 
2008), and farmers benefit from it, often without realizing it. Farmers can increase its 
effectiveness through classical biological control consisting in the release of the natural 
enemies from the region of origin of the pest to control a newly infested pest or disease. 
This is estimated to save large amounts of money to farmers and society. More recent-
ly, there has been emphasis on the protection and stimulation of the performance of 
the natural enemy which is already present by focusing also on the role of the natural 
microbiome in what is called conservation biological control. This type of biological 
control uses a range of agronomic and landscape tools to manipulate the habitat in 
order to enhance the reproduction, survival and efficacy of natural predators to control 
pests (Kenis et al., 2019; van Lenteren et al., 2018).

Augmentative biological control goes a step further and cultivates natural enemies, 
not necessarily present in the region, in bulk and releases them until a temporary bal-
ance is reached (van Lenteren et al., 2018). This form of biological control is mainly 
used when natural enemies lack effectiveness to control the pest. This approach works 
well in contained production systems such as greenhouses and polytunnels, but also on 
crops such as sugar cane or corn. The success of augmentative biological control has 
been shown to be higher in complex landscapes, rather than simplified ones, and de-
pends also on the potential interactions with naturally occurring enemies (Perez-Alvarez 
et al., 2019).

The natural enemies used in biological control are called biological control agents 
and they are generally divided in two main subgroups: macrobials, or invertebrate bi-
ological control agents, and microbials. These two groups basically differ in the size of 
the organisms. Macrobials are natural enemies, such as insects, mites and nematodes 
that provide control of pest populations through predation and parasitism. They are 
regulated by Member State (MS) legislation. Microbials are based on microorganisms, 
such as bacteria, fungi, viruses and protozoa and are regulated under Regulation (EC) 
1107/20095.

D  Chemical control (through active substances)

Chemical crop protection dates back several centuries. Since the 17th century, nicotine 
sulphate from tobacco leaves has been used as an insecticide. Other examples are 
the use of pyrethrum and rotenone as insecticides in the 19th century. Copper ace-
to-arsenite was used as early as 1865 against the Colorado potato beetle in the US. 
In 1885, Bordeaux mixture was developed as the first true fungicide based on copper 
sulphate and slaked lime against downy mildew in vines. In the early years of the 20th 
Century there were rapid developments of industrial chemistry particularly following 
the breakthrough of the Haber Bosch process for manufacturing ammonia – the basis of 
both explosives and nitrate fertiliser. The development of chemical weapons followed 
and led to applications for human health and crop protection. In 1939, the insecticidal 
properties of organochlorides were discovered leading to the use of dichlorodiphenyl-
trichloroethane (DDT) in agriculture. After World War II substances such as DDT, DD6, 
2,4-D and carbendazim showed promising application as PPPs (Zadoks and Waibel, 
2000). Although several of these substances have now been banned due to unaccept-
able side effects, the use of chemical control is mainstream in agriculture and farmers 
are keen to use these products to protect their crops because the return obtained for 
their use is considered to be high (Popp et al., 2013).

Chemical control is based on active substances (AS). These are defined in the EU as 
“any chemical, plant extract, pheromone or micro-organism (including viruses), that has 
action against ‘pests’ or on plants, parts of plants or plant products”(EC, 2016a). There 

5  See section 2.3 for a full account of regulations.
6  Dichloropropane-dichloropropene mixture.
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are currently 4767 active substances approved in the EU which are used to produce 
plant protection products (PPPs). PPPs are the commercialised products containing at 
least one EU-approved active substance and additional components such as safeners, 
adjuvants and other co-formulants. PPPs must fulfil at least one of the following four func-
tions: “protect plants or plant products against pests/diseases (before or after harvest); 
influence the life processes of plants; preserve plant products; destroy or prevent growth 
of undesired plants or parts of plants” (EC, 2016a). The products themselves are au-
thorised by EU Member States based on active substances which have been approved 
at the EU level (see section 2.3 for further details).

PPPs can be classified in various ways, according to their functionality, mode of entry, 
chemical class and the way they are regulated. A common way to classify PPPs is based 
on their function and the target pest. Table 2 gives an overview of pesticides based 
on their functionality, following the classification used in the EU pesticide database 
(EC, 2020). The PPPs which account for most of the use are fungicides, herbicides and 
insecticides. A harmonised classification of PPPs according to their chemical classes is 
set out in Annex III of Commission Regulation (EU) No 656/20118, implementing Reg-
ulation (EC) No 1185/2009 concerning statistics on pesticides, as regards definitions 
and list of active substances. This classification is used by Member States for reporting 
of pesticide sales and pesticide use (see Section 2.2).

FUNCTIONAL GROUP TARGET/FUNCTION EXAMPLES

Acaricide Mites Bifenazate, Tebufenpyrad

Attractant Used to lure pests Dodecyl acetate

Bactericide Bacteria Aluminium sulphate

Elicitor Activates the chemical defence in plants Fructose, Laminarin

Fungicide Fungi Chlorothalonil9, Geraniol

Herbicide Unwanted weeds Glyphosate, Pethoxamid

Insecticide Insects Spinosad

Molluscicide Molluscs (snails, slugs…) Ferric phosphate

Nematicide Nematodes (microscopic worms) Fosthiazate

Plant activator Activates the plant’s defence mechanism Cerevisane

Plant growth regulator Used for controlling plant growth processes Ethephon, Ethylene

Repellant Repels pests by its smell or taste Calcium carbide

Rodenticide Rodents (mice, rats…) Calcium phosphide

Table 2  Classification of PPPs according to their functionality. Based on the classification used in the  
EU pesticide database 

PPPs are used both in conventional and organic agriculture. Organic farmers are al-
lowed to use PPPs listed in Regulation (EC) 889/2008 in addition to biological control 
agents, which are regulated at the MS level. These PPPs permitted in organic farming 
are sometimes called ‘biopesticides’, they include natural substances, semiochemicals 
and certain microbials. The list of organic PPPs also includes traditional products based 

7  This was the number on 10/02/2020 on the EU Pesticides Database.
8 Commission Regulation (EU) No 656/2011 of 7 July 2011 Implementing Regulation (EC) No 1185/2009 

of the European Parliament and of the Council Concerning Statistics on Pesticides, as Regards Definitions and 
List of Active Substances, OJ L 180, 8.7.2011, p. 3–38.

9 Non-renewal of approval voted in March 2019. 
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on as copper10 and sulphur. Although there is no official definition, natural substances 
are considered as consisting of one or more components that originate from nature. 
They include, but are not limited to, algae, animals, minerals, fungi and bacteria11. 
They can be sourced from nature or are considered ‘nature identical’ if synthesised. 
Semiochemicals are substances or mixtures of substances (i.e. pheromones) emitted 
by plants, animals, and other organisms that evoke a behavioural or physiological 
response in individuals of the same or other species (OECD, 2017a). Microbials are 
the third group of PPPs allowed in organic farming. The approval process of these 
three groups falls under Regulation (EC) 1107/2009, the same as for the rest of PPPs. 
Natural substances, semiochemicals and microbials, together with macrobials (biolog-
ical control agents, see previous subsection) are often grouped together as elements of 
‘biocontrol’ or ‘bioprotection12’, while the remaining set of PPPs are often referred to 
as ‘conventional PPPs’ or ‘synthetic PPPs’13.

There are two subsets of active substances and PPPs defined in Regulation (EC) 
1107/2009 which deserve particular attention. These are low risk active substanc-
es and products and basic substances. Low risk substances are expected to ‘pose 
only a low risk to human and animal health and the environment’ (Article 22 (EC) 
1107/2009) and to be approved as such, these substances and products must comply 
with a set of criteria (see section 2.3 for further details). ‘Conventional’ or ‘synthetic’ 
substances and products as well as those that fall under the labels of ‘biocontrol’ or 
‘bioprotection’, sometimes also called ‘natural’ (Keulemans et al., 2019), can be ap-
proved as low risk as long as they satisfy the requirements set by the Regulation. Basic 
substances are ‘active substances, not predominantly used as plant protection products 
but which may be of value for plant protection and for which the economic interest of 
applying for approval may be limited. Therefore, specific provisions should ensure that 
such substances, as far as their risks are acceptable, may also be approved for plant 
protection use’ (according to the Regulation). They must comply with a set of criteria as 
defined in Article 23 of (EC) 1107/2009.

E  Precision agriculture and breeding14 

Precision agriculture and the use of varieties that are more resistant to pests and envi-
ronmental conditions (both traditional and the use of new techniques) are two currently 
rapidly evolving fields of crop protection. These techniques are expected to increase 
the performance of physical, biological and chemical control and reduce the damage 
associated to some of these pest control tools.

Precision Agriculture has been defined as “the application of modern information tech-
nologies to provide, process and analyse multisource data of high spatial and temporal 
resolution for decision making and operations in the management of crop production” 
(National Research Council, 1997). Increasing the precision of agricultural practices 
per se is not a new thing. Early innovations made agricultural practices such as fertiliser 
and PPP application more precise and less wasteful by avoiding overlaps and gaps 
through the combination initially of tramlines, and later with soil mapping and GPS 
information and tracking. Current developments in precision agriculture aim to combine 
the potential of these existing tools with big data processing, sensors, robotics and Artifi-
cial Intelligence AI. The developers of these technologies expect them constitute a major 
step forward which can significantly reduce the risks associated with the application of 
synthetic PPPs by improving the targeting and timing of sprays thereby greatly reducing 
the volume of such products when they are used.

10 Copper is currently also listed as a candidate for substitution.
11 Based on a definition from the International Biocontrol Manufacturers Association (IBMA).
12 The term used to describe the range of biological tools available for crop protection varies among different 

countries.
13 EC Regulation 1107/2009 does not differentiate between these two categories. 
14 More detailed information on these two tools can be found in Sections 4.4 and 4.5 of the main report.
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Currently, precision agriculture is mostly being developed in the context of conventional 
farming systems, highly dependent on PPPs and mineral fertilizers. It focuses on im-
proving the efficiency and reducing impacts of such products. Other advantages often 
mentioned for PA are reducing water use, reducing errors in the reading of pesticide la-
bels15, offering reduction in GHG emissions by lower machinery use, and contribution 
to adapting agricultural management to changing climatic conditions.

Since humans started cultivating land more than 10,000 years ago, farmers have se-
lected plants and animals with the most suitable characteristics for agricultural use. 
For plants, these suitable characteristics or traits, included crop varieties with highest 
yields, shortened growing seasons, increased resistance to diseases and pests, larger 
seeds and fruits, better nutritional content, better post-harvest conservation (referred 
to as ‘shelf-life’) and better adaptation to diverse ecological conditions under which 
crops were grown (Wieczorek and Wright, 2012). In conventional or traditional plant 
breeding, new varieties are developed either by selecting plants with desirable char-
acteristics or by combining qualities from two closely related plants through selective 
cross-breeding (Wieczorek and Wright, 2012).

Since the 1940s, plant breeders have also been able to increase the range of variation 
available by exposing seeds to chemicals or radiation to introduce new variants (Bor-
der and Walker 2017). This type of breeding is called induced mutagenesis or random 
mutagenesis. With the invention of recombinant DNA technology in the second half of 
the twentieth century, it became possible to cut and splice individual DNA molecules 
together to make entirely new ones (EC, 2017b). Following the development of tradi-
tional plant breeding and then genetic modification technology, even newer methods 
are now under development, collectively known as New Breeding Techniques (NBTs), 
New Genomic Techniques (NGT) or some prefer Plant Breeding Innovations (PBIs). 
One of the features of gene editing is that the plants are not distinguishable from plants 
developed from conventional plant breeding techniques, while for GM crops, tests can 
clearly distinguish them from non-GM varieties. This lack of distinction raises questions 
about ensuring compliance with regulations16.

2.2  Plant Protection Product sales  
 and use
Data on PPP sales and use available in the EU only dates back to 2011. The information 
secured to date leaves uncertainty about the trends in the use of total PPPs by weight 
and by hectare. The evidence for this short period suggests that there has been no sub-
stantial change in total use of PPPs but some other sources conclude that there has been 
a substantial decline in both the total and rate of use per hectare.

Data on sales of PPP and use of PPP data can differ to the extent that farmers (or their 
cooperatives and suppliers) stockpile materials from one period to the next. Each is 
considered in turn.

2.2.1  PPP sales
Since the adoption of Regulation (EC) No 1185/2009 concerning statistics on pes-
ticides (which includes PPPs and biocides), in 2009, EU member states and Europe-
an Economic Area (EEA) countries (apart from Switzerland) are obliged to provide  

15 Electronic systems can read bar-code-label, prepare mixtures and reduce risk of human errors on misinterpre-
tation.

16 The European Council has asked the European Commission for a report.
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statistics on the placing on the market and on agricultural use17 of PPPs, in accordance 
with the classification of substances given in Annex III of the regulation. PPP sales are 
transmitted annually to Eurostat and are made publicly available. However, this system 
has only been in operation long enough to provide time series information since 2011. 
Meanwhile more detailed pesticide use data are collected in five-year periods by many 
Member States although these data are not collected in the same years or presented in 
the same way across all the EU.

The harmonised Eurostat data on pesticide sales in the European Union therefore only 
provides the picture of use over a short time period from 2011 to 2016. This is shown for 
total sales and for the main types of pesticides (PPPs and biocides) in Figure 2. The total 
sales in the EU are just below 400 million kilograms (kg) of active substances per year. 
The annual quantities vary a little no doubt reflecting weather, crop and pest population 
fluctuations. There is a small decline in sales from 2011 to 2013, followed by a rise in 
2014 which stabilises back to the 2011-level in 2016. The largest two categories of pes-
ticides applied in the EU are fungicides and bactericides (43%) followed by herbicides 
(34%). Insecticides (10%), plant regulators (4%) and other products account for the rest.

Figure 2 Pesticide sales in the European Union in tonnes of active substances between 2011 and 2018  
for different pesticide types (data source: Eurostat)

The sales pattern is quite different between EU Member States reflecting the mix of crops 
grown, natural conditions, crop pests and to some extent national policy towards PPPs. 
Figure 3 illustrates this for France and Denmark. French PPP sales show no fall over the 
period, rather an increase between 2017 and 2018. Danish sales have fallen signifi-
cantly. Also, the composition of French PPP sales between the main types closely mirrors 
that of the whole EU, whilst Denmark, proportionately, is more dependent on herbicides 
than fungicides. The large apparent drop in Danish reliance on pesticides since 2012 
is driven by the PPP tax which is part of that country’s action plan on reducing PPP use. 

17 Regulation 1185/2009, Art. 2 (h) defines ‘agricultural use’ as any type of application of a plant protection 
product associated directly or indirectly with the production of plant products in the context of the economic 
activity of an agricultural holding.
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Not visible in this Danish data is the fact that the higher tax rate on products considered 
less benign has encouraged some switch to more benign products, and also although 
treatment frequency has increased the PPP load has not. The fall in sales may not reflect 
the same change in the amount used because there may have been some stock piling 
in anticipation of the change in the tax.

Figure 3 Pesticide sales in France (top) and Denmark (bottom) in tonnes of active substances between  
2011 and 2017/2018 for different PPP types (data source: Eurostat)
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2.2.2   PPP use in the EU
It is useful to see how PPP use in the EU compares with other parts of the world. The 
Food and Agriculture Organisation Corporate Statistical Database (FAOSTAT) provides 
statistics on pesticide use18 and pesticide use per cropland area19,20 from 1990 until 
2017 for 245 countries. Although statistics on pesticide use21 are provided, caution 
should be taken with this definition and when comparing countries since differences ex-
ists in methods, definitions and coverage between countries22. In 2016, this FAO data 
shows that 4,088 million kg of pesticides were used worldwide. Asia accounted for 
the largest share in this pesticide use with 52%, followed by the Americas (33%) and 
Europe (12%). The six countries with the highest quantity of pesticide use in 2016 were 
China, the Unites States (US), Brazil, Argentina, Ukraine and Canada.

Figure 4 PPP use in 1000 tonnes of active substance for Brazil, Canada, China, India, the United States  
and the European Union between 1990 and 2017 (data source: FAOSTAT)

Trends in PPP use since 1990 are shown in Figure 4 for five agricultural countries and 
the EU. The picture of total use is dominated by the rapid growth in PPP use in China 
and Brazil. Chinese PPP use increased from 775 million kg in 1990 to 1774 million 
kg in 2017 (a 129% increase) while Brazil showed an even greater relative rise in PPP 
usage of more than 650% from 50 million kg in 1990 to 377 million kg in 2017. The 
general trend of PPP use in the USA and EU is a slow decline over the quarter century 
since 1990. There are such large differences in the changes and levels of PPPs across 
the world that this may merit a little more analysis looking at agricultural areas, climate 
and meteorological variations and even populations to be fed.

18 www.fao.org/faostat/en/#data/RP whether these data are actually measuring use of pesticides or sales is not 
clear. The figures for the EU are close to the pesticide sales 

19 www.fao.org/faostat/en/#data/EP
20 Cropland is the sum of arable land and land under permanent crops.
21 This data reports the quantities used (in tonnes of active substances) of pesticides (PPPs and biocides) used or 

sold to the agricultural sector for crops and seeds. Please note that country reporting practices can be different 
and may include the report of data by: use or imports of formulated product, sales, distribution or imports for 
use in the agricultural sector in active substances.

22 www.fao.org/faostat/en/#data/RP/metadata
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Figure 5 with a larger vertical scale shows the trend in EU PPP use in more detail. The 
downward trend is not strong. The data show year to year fluctuations and perhaps 
two sub periods of increasing use 1992-1998 and 2010-2017. Given the diversity of 
conditions and stages of agricultural development amongst the EU28 there are proba-
bly some wide divergences in the patterns and trends in PPP use between the Member 
States. This merits more analysis.

Figure 5 PPP use in tonnes of active substances in the European Union between 1990 and 2017  
(data source: FAOSTAT)

Turning to the intensity of PPP use per hectare, Figure 6 shows Chinese application 
rates which have apparently risen from double to five-times the rates shown for the EU 
and USA. This seems an extraordinary difference and raises suspicion that it results 
from differences in the definition and measurement of the treated area. Based on these 
data, PPP intensity in the EU is somewhat greater than the US and there appears to 
be no strong trend noticeable in the last 25 years. It is generally stated that the devel-
opments in the active substances, their formulation into plant protection products, and 
in spray application and precision farming in the last two decades have significantly 
reduced the quantities of PPP applied per hectare. Yet, this is not apparent in the FAO 
data. It is shown in the next section that in the UK there has been a significant fall both 
in total PPPs used and in PPPs used per hectare.
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Figure 6 PPP use per area of cropland in kilograms per hectare (kg/ha) for Brazil, Canada, China, India,  
the United States and the European Union between 1990 and 2017 (data source: FAOSTAT)

Given the significance and controversy which surrounds the issue of PPP use, the lack of 
reliable public information on the extent of their use is surprising. It is clear that greater 
effort should be devoted to find more reliable comparative data on sales, use and use 
per hectare of PPPs across the EU Member States. Eurostat (2019) recognises that the 
lack of homogeneity in the information that MS provide on pesticide use, in terms of 
crops, reference periods, or even inclusion of organic farms in the surveys, obliges 
them to aggregate data and keeps them from periodically reporting on pesticide use23. 
Given that the use of PPPs is discussed at the highest political levels it does not seem 
unreasonable to suggest that there should be reliable evidence of past and current 
use of these products. Even if it had been possible to track down sufficient data to 
draw robust conclusions about whether the total weight of PPPs for the EU and all its 
Member States has fallen, or the intensity of use as measured by kg per hectare has 
fallen, this does not tell us all we want to know about pesticide use. If smaller quantities 
of pesticides are being used because their potency has increased this will not provide 
the public with much reassurance. In addition to this, reporting results in kg can be a 
problem for active substances such as microorganisms, for which conversion factors at 
the EU level still need to be agreed upon24.

The need for a measure of PPP use which tries to embody the risk to health and environ-
ment was anticipated in the Sustainable Use of Pesticides Directive (SUD) (section 2.3). 
This Directive established the concept of Harmonised Risk Indicators (HRIs). The ob-
jective of these indicators is to measure the progress achieved in the reduction of risks 
and adverse impacts from pesticide use for human health and the environment. They 
are to be developed and used at national level, made publicly available and reported 
to the EC. The EC is then required to calculate indicators to evaluate trends in PPP use 
at the EU level. As with most matters relating to PPPs the details quickly become highly 
complex and it took many years to establish the methodology for calculating the HRIs 
and get all Member State authorities to assemble the data and perform the calculations. 

23 https://ec.europa.eu/eurostat/web/agriculture/agri-environmental-indicators/information
24 https://ec.europa.eu/eurostat/documents/749240/10267252/PEST_WS_2019_+report_final.pdf/

a2cd816d-e569-8fd6-0668-4cfa2e590f3d
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The first fruits of this were produced in May 2019 when HRIs were added as an annex 
to the SUD. Results for two EU-wide HRIs were published in November 2019 which are 
intended to be the first in a series of indicators that will be developed to facilitate moni-
toring specific aspects of the directive. The first index HRI1 is calculated ‘by multiplying 
the quantities of active substances sold in PPPs by a weighting factor’. The second in-
dex HRI2 is obtained by ‘multiplying the number of emergency authorisations granted 
by Member States under Article 53 of Regulation (EC) No 1107/2009 by the same 
weighting factors’25. For both HRIs, active substances are grouped into four risk-based 
categories and a weighting factor attributed to each26. Because the sales of individual 
PPPs can vary greatly from year to year the base for the index was the average of the 
first three years of the data available 2011-2013. The data is initially compiled for 
each Member States and then aggregated for the EU28. At first glance these seem quite 
simple indicators until the details and complexities of the underlying classifications of 
each Active Substance are understood and especially how these classifications change. 
The data is available only for short period and this limits our capacity to judge how 
overall use of PPPs has developed over the last few decades. The results for the two 
indicators are shown in Figure 7.

Figure 7 Trends for Harmonised Risk Indicators 1 (HRI 1) and 2 (HRI 2) between 2011 and 2017. The average 
between 2011-2013 is considered the baseline (i.e. a value of 100) (data source: EC)

HRI1 shows a 20% decline over the period 2011 to 2017 for the EU28. Given that 
Figure 5 shows the physical quantity of use for the EU28 increased about 12% over 
this period, the HRI1 trend suggests that there must have been substitution of higher 
risk groups for lower risk groups. It could be interpreted as progress in the intended 
direction of the SUD. However, the second indicator HRI2 shows a 50% increase over 
the period 2011-2017. This increase in the resort to emergency authorisations is an un-
satisfactory state of affairs for all. The public are left uncertain that all PPPs in active use 

25 Both definitions come from: https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides/harmo-
nised-risk-indicators/trends-hri-eu_en

26 The four groups and their weightings are: (1) low risk active substances approved under Article 22 of Regu-
lation 1107/2009, weighting 1, (2) approved or deemed to be approved active substances not falling in the 
other groups, weighting 8, (3) active substances approved or deemed to be approved which are considered 
candidates for substitution, weighting 16, (4) active substances which are considered not to be approved (but 
may still be allowed for a period whilst stocks are run down), weighting 64. 
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have passed successfully through the (stringent) EU approval process. Farmers, and the 
PPP industry are not certain for how much longer the substance will be on the market. 
For the regulator it suggests that the process is inadequately resourced as it is unable to 
process approvals according to the timetables set. Whether it is a matter of resourcing 
or perhaps unrealistic choice of approval periods is not clear. The development of HRIs 
is a welcome development towards meaningful indicators of the risks of PPP use but 
more analysis of this first round of results is needed. It would be useful to see charts of 
the unweighted index of quantities used alongside the weighted index, and of course 
a much longer time series would be revealing. Whilst the public might be reassured 
by the decline in this risk-weighted use of PPPs it will be concerned by the rapid rise in 
emergency authorisations, and therefore still left in a state of anxiety about the use of 
pesticides. The European Commission acknowledges that establishing a more sophisti-
cated indicator for the risk associated to emergency authorisations would be desirable 
but is not currently possible due to lack of Member State data on the scale or quantities 
of PPPs used through these emergency authorisations27,28.

2.2.3   PPP use in Great Britain
Consistent statistics on how much and for what purposes PPPs are used in Member 
States is a difficult task due to a lack of public independent data before 2011. Data on 
PPP sales/use between 1990 and 2016 for the UK are offered to provide at least one 
more detailed analysis of PPP use.

The UK makes publicly available a large amount of survey data which has been col-
lected on a consistent basis for a long time. The detailed statistics on pesticide usage in 
the United Kingdom are compiled by Fera Science29. These are based on surveys com-
missioned by the independent Expert Committee on Pesticides funded by the Chemicals 
Regulation Directorate of the UK Department of Food, Environment and Rural Affairs, 
DEFRA. The data from the farm surveys are raised to the national level and are therefore 
estimates of total national usage. The data are available in great detail by year, region, 
crop, chemical group and active substance.

The next three figures show the total PPP use, including seed treatment, for Great Britain 
from 1990 to 2016. Figure 8 shows the total weight (kg) of active substance. Figure 9 
the total area (hectares, ha) to which the pesticides have been applied. Figure 10 
shows the rate of use in kg per hectare. The area statistics refer to the product of the 
number of treatments times the physical area, and is therefore larger than the crop area 
grown.

27 https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides/harmonised-risk-indicators_en
28 https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides/harmonised-risk-indicators/trends-

hri-eu_en
29 Fera Science is a joint venture company 25% owned by the UK Department for Environment, Food and Rural 

Affairs, the remainder by Capita, formed in 2009. Its aims are to support and develop a sustainable food 
chain, a health natural environment and to protect the global community from biological and chemical risks. 
The data extending back to 1990 refer to Great Britain (England, Scotland and Wales) the United Kingdom 
figures including Northern Ireland are only available since 2010. The FERA pesticide use statistics can be 
accessed at https://secure.fera.defra.gov.uk/pusstats/index.cfm 
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Figure 8 Total weight (Tn) of PPPs (including seed treatment) to all crops in Great Britain, 1990-2016  
(data source: FERA, Pusstats)

Figure 8 shows a substantial (51%) drop in total weight of PPPs applied over the period 
1996 to 2010 from over 34.4k tonnes to 16.9k tonnes. The area treated with PPPs, 
Figure 9, has risen steadily from 45 m ha to 73.2m ha, not because the crop area of 
GB has increased30, but because the frequency of applications has increased. Calculat-
ing intensity as the rate of PPP applied per treated hectare, this has systematically fallen 
(70%) from 0.76 kg/ha in 1990 to just over 0.23 kg/ha in 2016, Figure 10. The rate 
of application per hectare of crop grown has also fallen, but by less, about 45% over 
the period. This is still a substantial change in reduced intensity of PPP use which is not 
generally acknowledged. It can be seen from the charts that most of these changes took 
place between 1990 and 2010, there has been much less change since. In short, PPP 
use in GB has fallen substantially in totalcvav and in the rate of application of active 
substance per hectare this is attributed to changes in the nature of the products towards 
more specific targeted products, change in the formulations and concentrations of the 
products and changes in the technology of application, i.e. the sprayers. These statistics 
have not sought to indicate the risk category of products over the period.

30 The UK cropable area has been steadily declining since 1935 falling from about 6.8 m Ha in 1990 to about 
6.0 m hectares in 2016.
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Figure 9 Total area (hectares) treated with all pesticides (including seed treatment), Great Britain,  
1990 – 2016 (data source: FERA, Pusstats)

Figure 10  Rate of Active Substance (AS) applied per hectare (kg/ha), all pesticides (including seed  
treatment) Great Britain, 1990 – 2016 (data source: FERA, Pusstats)

The balance between the main categories of PPP use in Britain is different from the EU 
average, reflecting the different cropping and pest threats. In the UK herbicides are the 
largest category accounting for 46% of the total, followed by fungicides at 35% and 
plant growth regulators at 16%. Insecticides make up just 2% of the quantity of PPPs 
applied in Britain.

The distribution of PPP use between the crops they protect is shown in Table 3. The first 
six crop groups shown are as collected in the FERA data, the last two composite rows 
(vegetables and fruit) are aggregations of several categories. Cereals and oilseed to-
gether account for almost three-quarters of the PPP applied. However, it should be noted 
that their application rate of 0.21 kg/treated hectare, is relatively low compared to 
most of the other individual vegetable and fruit crops which make up these composites. 
Vegetable and fruit crops can have treatment rates per hectare double or quadruple the 
rate for cereals. The highest treatment rates are for the protected edible crops (2.6 kg/
ha), protected ornamentals (2.5 kg/ha) and mushrooms (23.5 kg/ha).
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CROP YEAR AREA TREATED 
(ha)

TOTAL WEIGHT  
APPLIED (kg)

SHARES BY  
WEIGHT (%) RATE (kg/ha)

Cereals 2016 55,601,551 11,908,699 63.46 0.21

Potatoes 2016 4,452,926 1,916,914 10.22 0.43

Oilseeds 2016 8,909,430 1,892,364 10.08 0.21

Peas & beans 2016 2,229,305 788,478 4.20 0.35

Grassland 2015 825,491 387,191 2.06 0.47

Beet crops 2016 1,900,998 354,941 1.89 0.19

Vegetable crops, incl. maize 2015 2,313,297 808,537 4.31 0.35

Fruit, salads, ornamentals 2015 1,024,538 707,521 3.77 0.69

TOTAL 77,257,536 18,764,645 100.00

Figure 9  Total PPP usage (including seed treatment) by crops, GB, 2015 or 2016 (data source: FERA)

The FERA Science data also provided insights into the frequency of application of pesti-
cides. Figure 11 shows this information for arable crops in the UK for 2016 (excluding 
seed treatment). This chart indicates the number of spray rounds, products used and 
active substances used under each broad category of pesticide used in arable crops.

Arable crops as a group receive about 6 spray rounds delivering 12 products and 
16 active substances. Each round therefore may contain more than one product, and 
these may have more than one active substance. Taking wheat as an example, in the 
UK the 2016 survey showed this crop received on average 4 fungicides, 3 herbicides, 
2 growth regulators, 1 insecticide application and 1 treatment of molluscicide. These 
treatment frequencies have increased since 1990 but they are variable depending on 
the conditions in each phase of the growing season. The survey estimated that about 
95% of the UK cereal area is treated with PPPs and in recent years over 50% of the ce-
real area is treated more than 4 times, whereas in 1990 only 30% of the cereal area re-
ceived more than 4 treatments. Looking at the challenges by weeds, pests and disease 
which are given as the reason for treatment, and again taking wheat as the example 
crop, the main reasons given for herbicide treatment are: 35% general weed control, 
19% blackgrass (Alopecurus myosuroides), 18% broadleaf weeds, and 6% cleavers 
(Galium aparine). Fungicide use in wheat is explained as 27% to deal with septoria, 
25% for general disease control, 26% rust/septoria and 6% fusarium. For insecticides 
in wheat, 93% is to deal with aphids. Clearly these explanations will be different for 
other crops, and there are quite different regional patterns in pest management.
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Figure 11  Average number of pesticide applications made to arable crops, UK, 2016 (source: FERA)

It is revealing also to reflect some broad economics of pesticide use as exemplified 
in the UK. For cereals, oilseeds and sugar beet typical pesticide expenditures range 
between 150 €/ha31 and 188 €/ha32. This represents between 40% and 52% of total 
variable costs for cereal and oilseed production, and a much lower 18% of variable 
costs for sugar beet (because this crop has different and higher harvesting variable 
costs). The pesticide expenditures for potatoes are much greater but the share of their 
cost in total variable costs is much smaller (again because of the high harvesting varia-
ble costs). The yield boost required to cover the typical cost of pesticides as a percent 
of the output value of the crop ranges from 18% to 25% for the cereals and oilseeds 
and is much lower for the two root crops at around 13%. Farmers’ strong reliance on 
PPPs to achieve their high yielding, uniformly ‘clean’ crops reveals their belief that 
the combination of the certainty these inputs provide plus the boost to yields justifies 
these considerable expenditures. It should be noted that the variable costs of pesticide 
application are made up of the cost of the pesticide product plus the contract, or own, 
costs of spraying. The cost of pesticide itself, especially if it is a generic product out of 
patent, can be a relatively small part of the cost of protection. In addition, either the 
farmer or contractor has to cover the capital costs of the machinery purchase, and the 
pesticide loading and wash-down equipment and facilities all of which have become 
considerably larger, more sophisticated and expensive. Of course, these calculations 
do not include the environmental costs of PPP use, nor their impact on reduced soil fer-
tility which may then require additional inputs and thus costs for the farmer.

This concludes the review of the unsatisfactory state of data on PPP use. There is still 
some way to go to formulate metrics of PPP use with which to judge current strategies 
which aim to reduce their use. It is suggested that it would be revealing to compare and 
contrast PPP use at the level of detail found for the UK in other Member States where 
such data exists.

31 £135/ha. 
32 £260/ha. 
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2.3 The EU regulatory Framework 
 for crop protection
The framework for crop protection in the EU is given by the Sustainable Use of Pesti-
cides Directive (2009/128/EC). Other specific regulations focus mainly on the approv-
al process of active substances, the placement on the market of PPPs and the establish-
ment of maximum acceptable residue levels. The European regulatory framework on 
pesticide33 use has been described as the most stringent legislation in the world. The 
directive and regulations ensure that, for the first time in EU pesticide legislation, all the 
different stages of the pesticide lifecycle are covered, from pre-marketing authorisation 
to legislation for the use of pesticides (Regulation (EC) No 1107/2009 and Directive 
2009/128/EC), maximum acceptable residue levels (Regulation (EC) No 396/2005) 
and post-use monitoring (Regulation (EC) No 1185/2009). In addition to these regu-
lations directly impacting on PPPs, there are several important pieces of environmental 
legislation and measures within the Common Agricultural Policy which establish further 
control on the use of PPPs.

2.3.1  The overall framework
Directive 2009/128/EC on the Sustainable Use of Pesticides (SUD) establishes a 
framework to achieve a sustainable use of pesticides. The text of the SUD was adopted 
on 21st October 2009 as part of the 2006 Thematic Strategy on the sustainable use 
of pesticides. The overall objective of this Directive is to ‘achieve a sustainable use 
of pesticides in the EU by reducing the risks and impacts of pesticide use on human 
health and the environment and promoting the use of Integrated Pest Management 
(IPM) and of alternative approaches or techniques, such as non-chemical alternatives 
to pesticides34’. The promotion of IPM as a pillar of the SUD, sought to create a tool to 
encourage low-pesticide input pest management together with organic farming. Eight 
general principles of IPM are laid down in Annex III of the Directive35.

Operationally the Directive requires Member States to adopt National Action Plans 
(NAPs) to ensure its objectives are met. The NAPs are intended to: ‘set up their quan-
titative objectives, targets, measures and timetables to reduce risks and impacts of 
pesticide use on human health and the environment and to encourage the development 
and introduction of integrated pest management and of alternative approaches or tech-
niques in order to reduce dependency on the use of pesticides36’.

33 In EU terminology, pesticides are divided into plant protection products (PPPs), and biocides. PPPs are pes-
ticides used on plants in agriculture, horticulture, parks and gardens, while biocides are non-agricultural 
pesticides such as antibacterial disinfectants and insect sprays. The focus of the current study is on PPPs and 
the terms pesticide and plant protection product will be used interchangeably. Biocides fall under a different 
regulation, most importantly Regulation (EU) No 528/2012 concerning the making available on the market 
and use of biocidal products. 

34 EU website on the SUD: https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides_en 
35 EU website on IPM: https://ec.europa.eu/food/plant/pesticides/sustainable_use_pesticides/ipm_en 
36 Article 4 of the SUD. 
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The Directive identifies specific measures that MSs are required to include in their plans 
for implementation. The main actions are visualized in Figure 12 and relate to:

• Integrated Pest Management

• training of users, advisors and distributors

• inspection of pesticide application equipment

• the prohibition of aerial spraying

• the protection of the aquatic environment and drinking water

• limitation of pesticide use in sensitive areas (see Article 12 for complete list)

• information and awareness raising about pesticide risks

• systems for gathering information on pesticide acute poisoning incidents, as well 
as chronic poisoning developments, where available

Training

Aerial spraying

Awareness Raising

Inspection

Information systems

Integrated pest management

Protection

Sensitive areas

Figure 12 Main provisions of Directive 2009/128/EC. Member States have to develop National Action  
Plans with quantitative measures on how to implement these provisions. Own figure with images from  
macrovector/iconicbestiary/rawpixel/Freepik and PAN, IBMA and IOBC

The deadlines established by the Directive for implementation of all above measures 
were phased over the period November 2011 to November 2016. By 14 December 
2012, all MSs were required to adopt and communicate their NAPs to the European 
Commission (EC) and the other MSs, and these plans should be reviewed at least every 
five years37. On 10 October 201738, the EC published a report (EC, 2017c) on the 
NAPs and on progress in the implementation of the SUD. The Commission found that 
all MSs had adopted NAPs, although in many cases with significant delays, and that 
there is a wide diversity in the completeness and coverage of the NAPs. Twenty-one 
MSs reported risk reduction targets, and nine use reduction targets, of which only 
five MSs39 had set measurable targets. The Commission report highlighted that on some 
action points of the Directive, such as training and certification, reduction of pesticide 
use in specific areas40, awareness raising of the risks of pesticide use41, and aerial 
spraying42, MSs had implemented clear measures. Other action points, such as the 

37 Article 4(2) of Directive 2009/128/EC. 
38 This report was actually due on 14 December 2014. 
39 Belgium, Denmark, Greece, Germany and France. 
40 Extensive measures have been put in place by the MSs. 
41 Which is done by the MSs mostly through a website, as well as some awareness campaigns. 
42 All MSs have prohibited aerial spraying under national legislation even if not explicitly stated in their national 

action plan. 
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setting up of systems of gathering information on chronic poisoning43, had not been 
widely implemented or lacked the assessment of measurable targets.

Of particular interest within the SUD is the focus on Integrated Pest Management 
(IPM) (Box 1). This concept, originally proposed by entomologists in the late 1950s 
(Deguine et al., 2017), emphasises the growth of a healthy crop with the least possible 
disruption to agro-ecosystems and encourages natural pest control mechanisms. The 
SUD states (Article 14(4)) that MSs have to describe in their NAPs how they ensure 
that the general principles of integrated pest management, as set out in Annex III, are 
implemented by all professional users by 1 January 2014. While the NAPs include 
some measures on the promotion of IPM, in particular to encourage availability of IPM 
guidelines, and the provision of training or demonstration farms, they do not specify 
how the application of IPM by farmers can be measured, nor do they set targets or 
indicate how implementation will be ensured.

Box 1  The definition of Integrated Pest Management  
 (From Article 3 of the SUD).

IPM is the ‘careful consideration of all available plant protection methods and subse-
quent integration of appropriate measures that discourage the development of popu-
lations of harmful organisms and keep the use of plant protection products and other 
forms of intervention to levels that are economically and ecologically justified and 
reduce or minimise risks to human health and the environment. ‘Integrated pest man-
agement’ emphasises the growth of a healthy crop with the least possible disruption to 
agro-ecosystems and encourages natural pest control mechanisms’

 
Progress on the SUD can be summarised as follows: a multitude of actions, measures or 
systems have been put into place by MSs following the adoption of the SUD, but there is 
a general lack of precise and measurable targets to assess progress. There are some 
examples of good practice, as highlighted in Box 2 below.

Box 2  Examples from EU countries aiming at reducing PPP use  
 (Böcker and Finger, 2016; EC, 2017e; Kudsk et al., 2018; OECD, 2017b)

Sweden was the first country to introduce a special tax for PPPs in 1984. The reve-
nues from the tax were used for agri-environmental programmes until 1995. Declines 
in human health risks since the establishment of the tax have been observed (ranging 
between 80 and 60%) but risks to the environment show a less clear trend. However, 
because the tax on PPPs was one element among others such as taxes on fertilisers, strict-
er rules for PPP approval, and policy aiming at IPM it is difficult to quantify the specific 
effect of the PPP tax.

43 Art. 7 (2) of the SUD Directive. 
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Denmark introduced a pesticide tax on all sectors in 1996 (including agriculture). This 
tax initially had lower effects on reducing PPP use than expected. One of the reasons is 
that only 30% of farmers reacted to price change. The tax was revised in 2013 to base 
it on environmental loads. A positive outcome of the updated version of the tax, which 
has a lower or no tax on low risk and very high tax on high risk PPPs, is that the price 
itself is an educational-tool to farmers of the risk of pesticide use. In addition, the change 
in the basis of the tax from using the “Treatment Frequency Index” to using “Pesticide 
Load” should send important signals too. The new indicator considers effects on human 
health, ecotoxicology and environmental fate. It does not consider the actual exposure 
but reflects the relative risks associated with pesticide use with the hope of encouraging 
switches from higher to lower risk products (Kudsk et al. 2018). A 2017 report from the 
European Commission concluded that the NAP adopted in 2013 aiming to reduce the 
pesticide load by 40% had been achieved in 2015 but noted that there was no monito-
ring or controls to determine compliance with the 8 IPM principles.

In France, the first tax to pesticides was introduced in 1999 with the objective to incen-
tivise industry to develop less toxic alternatives and farmers to buy less toxic products. 
In 2008, the tax was replaced by a tax on diffuse agricultural pollution, raised several 
times and aiming to help finance the Ecophyto plan, but the tax is not considered to have 
been very effective in the reduction of pesticide use (OECD 2017). The Ecophyto plan 
set by the government in 2008 had the objective of reducing the use of PPPs in France 
while maintaining an ecologically and economically performing agriculture and preserv-
ing public health. With it, France aimed to become the EU leader in agroecology. The 
plan aimed at a 25% reduction of PPP use by 2020 and of 50% by 2025. However, 
Ecophyto is not achieving the desired results. During the first 10 years of implementa-
tion, PPP use rose by 12% (as did farm production). Recent data shows that between 
2017 and 2018 PPP used increase by 24%. The main reasons suggested for this failure 
include: (i) Price – during the first period of Ecophyto the price for grains continued to 
increase and so farmers had little incentive to reduce pesticides (ii) Socio-technical lock 
in – which will continue to be a problem if changes are made to just one part of an 
integrated system. (iii) Lack of alternatives given the simplification of agricultural systems 
across France with shorter and simpler rotations, larger arable areas per farm and less 
livestock. (iv) Changing farm structures – larger farms, higher ratio of hired workers, less 
value judgement on farming type (according to a presentation by F. Jacquet from INRAE 
in Brussels 12/12/2019). The French government further updated the plan; first as Eco-
phyto II in 2015 to provide a boost towards achieving the target of 50% reduction in 
PPP use by 2025, and in 2019 a new Ecophyto 2+ plan was presented with the same 
objectives but adding demonstration farms, increasing taxes, updating content and lan-
guage to the progress achieved and removing obsolete dispositions. The positive note 
is that demonstration farms saw their PPP use decrease by 18% between 2010-2015, 
showing that reductions in PPP use are possible (Further information on: https://agricul-
ture.gouv.fr/ecophyto).

2.3.2  Placing of PPPs on the market
The authorisation of active substances and PPPs is dealt with through Regulation (EC) 
1107/2009. The regulation has as a main objective to ensure ‘a high level of protec-
tion of both human and animal health and the environment and at the same time to 
safeguard the competitiveness of Community agriculture’44. This regulation repealed 

44 Regulation (EC) No 1107/2009.
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former Council Directives 79/117/EEC and 91/414/EEC45. The authorization for ac-
tive substances and PPPs is granted only if proposed uses are not expected (or known) 
to have any harmful effect on human or animal health or any unacceptable effects on 
the environment.

An overview of the steps involved in the authorization of an active substance and PPPs 
in the EU would be as follows (Storck et al., 2017). A company starts by submitting an 
application for an active substance to an EU MS of its choice46 (called the Rapporteur 
Member State, RMS), unless another MS agrees to examine the application. The pesti-
cide authorities in the RMS conduct an initial scientific and technical evaluation of the 
active substance47. The evaluation is based on the satisfaction of the approval criteria 
outlined in Article 4 of the regulation.

After the evaluation the RMS produces a Draft Assessment Report (DAR) and passes it 
to the European Food Safety Authority (EFSA), the EU institution which has responsibility 
for risk assessment in relation to food and feed. EFSA conducts a public consultation 
on the Draft Assessment Report, and, together with the pesticide authorities of all MS, 
carries out a peer review of the assessment report and prepares conclusions for the 
European Commission48. The EC, which is responsible for risk management, will then, 
based on EFSA’s conclusion, make a proposal on whether or not to approve the active 
substance to MS representatives49 on the Standing Committee on Plants, Animals, Food 
and Feed (SCoPAFF). If there is a qualified majority of MS in favour of approval the 
Commission adopts the decision. If no qualified majority is reached by the Standing 
Committee (“no opinion”), the proposal is submitted to the Appeal Committee. If the 
Appeal Committee also delivers a no-opinion, the Commission may decide. The Com-
mission then adopts and publishes a regulation approving or refusing the approval of 
the active substance. Approvals of new active substances are given for a maximum 10 
years, if renewed, the approval can be granted for up to 15 years.

A particular case is that of low risk active substances, which follow a faster approval 
process and are given approval for up to 15 years. These are defined in Annex II of 
Regulation EC 1107/2009 in opposition to non-low risk active substances. Substanc-
es are not considered low risk if they are classified in one of the following categories 
according to Regulation (EC) 1272/2008: carcinogenic, mutagenic, toxic to reproduc-
tion, sensitising chemicals, very toxic or toxic, explosive, or corrosive. And also if ‘they 
are persistent (half-life in soil is more than 60 days), their bioconcentration factor is 
higher than 100, they are deemed to be an endocrine disrupter or they have neurotox-
ic or immunotoxic effects’ (Annex II of Regulation (EC) 1107/2009). Among the 476 
approved active substances in the EU, only 18 are considered low risk50. The majority 
of approved low risk active substances are currently fungicides.

45 Council Directive 91/414/EEC was a first step to harmonise the risk assessment and authorisation of active 
substances and PPPs at EU level. This was part of the systematic move in the European Communities (as they 
then were) towards the Single Market. The Directive also introduced the principle of mutual recognition of 
authorisations, meaning that an authorisation granted by one MSs could be recognised by other MSs.

46 For new active substances it is up to the applicant to directly contact the MS who can accept or reject to act as 
an RMS depending on its availability and resources. For renewals of active substances an RMS and co-RMS 
are allocated by the European Commission in a series of regulation.

47 The European Parliament special committee on the union’s authorisation procedure for pesticides, documenta-
tion relating to the committee’s work from February to December 2018, Chairman Éric Andrieu, Rapporteurs 
Norbert Lins and Bart Staes, 745 Pages., http://www.europarl.europa.eu/cmsdata/160000/COMPILA-
TION.pdf, 2018.

48 http://ec.europa.eu/assets/sante/food/plants/pesticides/lop/index.html
49 Each MS is a member of the Committee. MSs designate and delegate representatives depending on the agen-

da content and the field of expertise required.
50 From the EU pesticide database consulted on 10/02/2020.
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Plant protection products can also be approved as low risk products provided that the 
active substances contained in a plant protection product are low risk active substanc-
es, that no specific risk mitigation measures are needed following a risk assessment and 
that they and comply with a set of requirements (as listed in Article 47 of Regulation 
(EC) 1107/2009). This implies that a PPP based on a low risk active substance may not 
itself be considered a low risk PPP if it does not comply with all requirements.

In addition to low risk, active substances can also be classified as basic substances. 
These ’active substances are active substances, not predominantly used as plant protec-
tion products but which may be of value for plant protection and for which the econom-
ic interest of applying for approval may be limited. Therefore, specific provisions should 
ensure that such substances, as far as their risks are acceptable, may also be approved 
for plant protection use’ (according to Regulation EC 1107/2009). There are currently 
20 approved basic substances in the EU pesticide database (EC, 2020).

After an active substance is approved at EU level, PPPs follow an authorization process 
at national level conducted by the MSs. In order to harmonize and speed this process 
the EU is divided into three zones (groups of Member States) as defined in Annex I of 
Regulation (EC) 1107/2009:

ZONE A – NORTH Denmark, Estonia, Latvia, Lithuania, Finland, Sweden

ZONE B – CENTRE Belgium, Czech Republic, Germany, Ireland, Luxembourg, 
Hungary, Netherlands, Austria, Poland, Romania,  
Slovenia, Slovakia, United Kingdom

ZONE C – SOUTH Bulgaria, Greece, Spain, France, Italy, Cyprus, Malta, 
Portugal

In each zone, only one MS evaluates the entire dossier for authorization of the PPP. The 
other concerned MSs, where possible, will adopt the evaluation taking into account 
any possible national requirements. The establishment of these zones has allowed an 
increase in the number of mutual recognition procedure authorisations, from 409 in 
2011 to 1109 in 2016, although it hasn´t worked as well as expected (Ecorys, 2018).

Environmental risk assessment (ERA)

Environmental risk assessments (ERAs) are part of the approval procedure for active 
substances and PPPs. Their objective is to guarantee that the risks posed by a substance 
fall within acceptable thresholds for non-target organisms (outside field borders). The 
EFSA defines a risk assessment51 as a specialised field of applied science that involves 
reviewing scientific data and studies in order to evaluate risks associated with certain 
hazards. It involves four steps: hazard identification, hazard characterisation, expo-
sure assessment and risk characterisation. EFSA doesn’t have scientific laboratories, 
nor does it generate new scientific research. It collects and analyses existing research 
and data and provides scientific advice to support decision-making by risk managers.

The EFSA publishes guideline documents detailing how to conduct the studies and how 
to implement their results in risk calculations. Equally, the EFSA also produces scientific 
opinions for most non-target organisms. However, there are many criticisms relating to: 
the need for more realistic scenarios, the uncertainty factors used in the assessment, the 
lack of clear ecological endpoints in the risk assessments, the lack of consideration of 
food-web related effects and the absence of organisms such as amphibians and reptiles 
in the assessments (Brühl and Zaller, 2019; Rohr et al., 2016). Further challenges, as 

51 www.efsa.europa.eu/sites/default/files/assets/InfographicsRiskARiskMprint.pdf 
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mentioned by Rohr et al. (2016), relate to the increasing number of chemicals regis-
tered for use in the EU, the societal demand of reduced animal testing or the need for 
more transparency in the ERA process itself. An interesting point regarding system resil-
ience would be the inclusion of assessments of recovery into the ERAs.

In addition to these there are two more fundamental criticisms. First, that authorisations 
for substances and products are given considering that they will be applied once or a 
few times on a particular crop, but do not consider applications of a mix of PPPs, which 
is what actually happens in the field. This is of particular concern because synergistic 
effects of multiple stress factors (chemical or non-chemical) have been observed to in-
crease the sensitivity of species to those stresses (Liess et al., 2016). And second, that 
while adjuvants (additives) are added to the active substances in PPPs and these may 
provoke differences in the toxicity of PPPs, they are not assessed in current evaluations 
(Brühl et al., 2013). All these aspects could be addressed by changing current regula-
tion to assess toxic pressure as a whole on the environment rather than single chemicals 
one by one (Malaj et al., 2014).

Hazard versus risk

In simple terms, risk equals hazard times exposure. A certain substance could be haz-
ardous to animals or humans or the environment, but only by factoring in the amount 
of exposure to the substance and its potency can the risk be assessed in this approach. 
However, the word risk is used in different ways in common parlance and in different 
areas of application. The Food and Agriculture Organization (FAO) of the United Na-
tions defines hazard as a biological, chemical or physical agent in, or condition of, 
food with the potential to cause an adverse health effect, and risk as a value from zero 
to one depending on the degree of certainty that the hazard will be absent or that it 
will be present52.

Whilst decisions under Directive 91/414/EEC were fully risk based, since Regula-
tion 1107/2009, the EU approval process of active substances and plant protection 
products has incorporated hazard-based criteria. Previously, hazards were determined 
mainly for classification and labelling, not to assess approval by themselves. In the cur-
rent regulation, active substances53, safeners54 and synergists55 follow a hazard-based 
assessment. This means that hazard-based cut-off criteria are defined for the active 
substance, safener or synergist under approval. If these products are classified in one 
of the four categories listed below:

• mutagen category 1A or 1B (Annex II, 3.6.2), 
• carcinogen category 1A or 1B (Annex II, 3.6.3), 
• toxic for reproduction category 1A or 1B (Annex II, 3.6.4) or
• if they are considered to have endocrine disrupting properties that may cause 

adverse effect in humans (Annex II, 3.6.5), 

then, because of their intrinsic nature, they are not approved. Unless ‘the exposure 
of humans to that active substance, safener or synergist in a plant protection product, 
under realistic proposed conditions of use, is negligible, that is, the product is used 
in closed systems or in other conditions excluding contact with humans and where  
residues of the active substance, safener or synergist concerned on food and feed do 

52 www.fao.org/3/y2200e/y2200e07.htm 
53 Substances, including micro-organisms having general or specific action against harmful organisms or on 

plants, parts of plants or plant products (R 1107/2009, OJ L 309, 24.11.2009, Art 2.2)) or EFSA definition: 
A substance that acts against harmful organisms, such as pests or diseases, which affect plants. 

54 Substances or preparations which are added to a plant protection product to eliminate or reduce phytotoxic 
effects of the plant protection product on certain plants (Reg. 1107/2009, OJ L 309, 24.11.2009, Art 
2.3(a)). 

55 Substances or preparations which, while showing no or only weak activity, can give enhanced activity to the 
active substance(s) in a plant protection product (Reg. 1107/2009, OJ L 309, 24.11.2009, Art 2.3(b)). 
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not exceed the default value set in accordance with point (b) of Article 18(1) of Regula-
tion (EC) No 396/2005’, in which case, a derogation is given and a risk assessment 
can take place. In cases where the product for approval does not fall into the four cat-
egories above the assessment uses a risk-based approach.

In addition, an active substance can only be approved if it is not considered to be a per-
sistent organic pollutant (POP; Annex II, 3.7.1), if it is not considered to be a persistent, 
bio-accumulative and toxic (PBT; Annex II, 3.7.2) substance and if it is not considered 
to be a very persistent and very bio-accumulative substance (vPvB; Annex II, 3.7.3).

The approval process proceeds if the substance does not fulfil these cut-off criteria. The 
assessment then uses a risk-based approach of at least one realistic proposed condition 
of use of a plant protection product containing the substance (Ecorys, 2018).

The principles of toxicological classifications 

In 1975 the World Health Organisation (WHO) published for the first time the WHO 
Recommended Classification of Pesticides by Hazard report. It classifies pesticides in 
five hazard classes according to their acute toxicity (WHO and FAO, 2016). The WHO 
amended its acute toxicity classification in 2009, to bring it more in line with the Glob-
ally Harmonized System of Classification and Labelling of Chemicals (GHS), but the 
two systems are not identical.

In the EU, Regulation (EC) No  1272/200856 on classification, labelling and pack-
aging of substances and mixtures (CLP) was adopted in December 2008 to align the 
EU system to the GHS, repealing the earlier directives on dangerous substances and 
preparations were repealed in June 201557. The GHS defines a range of human health 
hazard classes. These are acute toxicity, skin corrosion/irritation, serious eye damage/
eye irritation, respiratory or skin sensitization, germ cell mutagenicity58 (UN, 2013), 
carcinogenicity, reproductive toxicity, specific (non-lethal) organ target toxicity after a 
single exposure, specific organ target toxicity after repeated exposure and aspiration 
hazard (UN, 2013). For each hazard class, a substance is allocated in a certain cate-
gory based on pre-defined classification criteria for that hazard class. Some examples 
for acute toxicity and carcinogenicity are given below. The GHS classification is revised 
regularly. In 2016, the EU aligned with the fifth revision59 of the GHS, which became 
mandatory in February 2018.

The WHO classifies PPPs in 5 categories, going from extremely hazardous (class Ia) 
and highly hazardous (class Ib), to moderately hazardous (II), slightly hazardous (class 
III) and unlikely to present acute hazard in normal use (class IV)60. Acute toxicity61 is 
estimated from experimentally-derived Lethal Dose, LD50, and Lethal Concentration LC50, 
values after exposure of test animals, typically rats or mice, to a substance either orally, 
dermally (LD50) or through inhalation (LC50). Substances can be allocated into five acute 
toxicity categories based on cut-off criteria for the LD50 and LC50 values. The LD50 value 
is a statistical estimate of the number of mg of toxicant per kg of bodyweight that is 
required to kill 50% of a large population of test animals. LC50 is the concentration of 
the substance in the external medium (usually air or water) which cause 50% mortality 
of the test population and is expressed in parts per million.

56 Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 
on classification, labelling and packaging of substances and mixtures, amending and repealing Directives 
67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006.

57 www.europarl.europa.eu/factsheets/en/sheet/78/chemicals-and-pesticides
58 Commonly found definitions of the terms mutagenic, mutagen, mutations and genotoxic are used. A mutation 

is defined as a permanent change in the amount or structure of the genetic material in a cell.
59 The fifth GHS revision was from 2013. The GHS sixth and seventh revisions are from 2015 and 2017 respec-

tively.
60 The WHO recommended classification of pesticides by hazard and guidelines to classification 2009.
61 Acute toxicity refers to those adverse effects occurring following oral or dermal administration of a dose of a 

substance, or multiple doses given within 24 hours, or an inhalation exposure of 4 hours.
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Regulation 1107/2009 also states that, whichever is relevant, an Acceptable Daily 
Intake (ADI), Acceptable Operator Exposure Level (AOEL) and Acute Reference Dose 
(ARfD) shall be established (Annex II, 3.6.1). When establishing these values ‘an ap-
propriate safety margin of at least 100 shall be ensured taking into account the type 
and severity of effects and the vulnerability of specific groups of the population’.

A substance posing a carcinogenic hazard can be classified either as a category 1 
(A or B) carcinogen, when the substance is a known or presumed human carcinogen, 
or as category 2 when the substance is a suspected carcinogen. This classification is 
done on the basis of epidemiological and/or animal data. A substance of category 
1A is a substance known to have carcinogenic potential for human largely based on 
human evidence, while a substance of category 1B is a substance presumed to have 
carcinogenic potential for humans largely based on animal data.

2.3.3  Maximum residue levels
Regulation (EC) No 396/2005 lays down the rules and procedures on the setting of 
EU maximum residue levels (MRL), i.e. the highest levels of pesticide residues that are 
legally tolerated in or on food or feed produced in the EU or elsewhere in the world 
and imported to the EU. The EFSA assesses the safety for consumers based on the tox-
icity of the pesticide, the maximum levels expected on food and the different diets of 
Europeans62. These residue levels are established to check that PPPs are being correctly 
used as dosage levels and instructions on use are calibrated to ensure that MRLs are 
not exceeded. When MRL’s are exceeded this does not automatically imply that there 
is a food safety risk to consumers, that would depend on the scale of the exceedance 
and the quantities consumed.

EU citizens are aware of and concerned with pesticide residues on their food. A recent 
Eurobarometer report placed pesticide residues as the second food safety concern 
among the population, just behind antibiotic, hormone or steroid residues in meat 
(EFSA, 2019a). However, among respondents to the survey, only 43% are aware that 
regulations are in place to ensure food safety. EFSA publishes annual reports on pes-
ticide residues in food. In 2017, pesticide residues fell within legal limits for 96% of 
the analysed samples63, but one third of the tested samples reported legally permitted 
amounts of residues of one or more pesticides (EFSA, 2019b). This led EFSA to indicate 
that EU consumers had a low risk of exposure to pesticides residues. MRL’s are also of-
ten used as indicators of whether farmers or food importers are complying with current 
regulations and Good Agricultural Practices. MRL´s should not be confused with LD50s 
as they do not give information on the lethal doses.

The MRL’s are based on information provided by the applicant for a specific PPP. The 
required information consists of64: (i) the use of a PPP on the crop (Good Agricultural 
Practice), (ii) experimental data on the expected residues when PPP is applied follow-
ing the Good Agricultural Practice, and (iii) toxicological references values for the PPP 
(chronic and acute toxicity). The EFSA compares this information with Acceptable Daily 
Intake values and Acute Reference Doses for long and short-term intake. They take into 
account all EU consumer groups, paying special attention to vulnerable groups such as 
infants and the unborn.

62 https://ec.europa.eu/food/plant/pesticides/max_residue_levels/eu_rules_en
63 88,247 food samples from the 28 MSs.
64 https://ec.europa.eu/food/plant/pesticides/max_residue_levels/application_en
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2.3.4  Other pesticide relevant EU regulation
Pesticide use is also regulated through seven other EU Directives and regulations. Some 
of these can be highly influential on the use of pesticides as they require pesticide use 
to comply with environmental and food safety regulations.

• Council Directive 98/83/EC65 of 3 November 1998 on the quality of water in-
tended for human consumption (Drinking Water Directive) sets limits to pesticide 
use by stipulating a maximum concentration of 0.1 μg/L for any single pesticide 
and its relevant metabolites (to a maximum of 0.5 μg/L for total pesticides) 
in drinking water. These requirements can in some cases be a stronger incen-
tive to reduce pesticide use than the direct restrictions on the use of pesticides 
themselves. On 1 February 2018, the EC adopted a proposal66 for a revised 
Drinking Water Directive to improve the quality of drinking water and provide 
greater access and information to citizens. The proposal for modernizing the 
20-year-old Drinking Water Directive comes as a result of the REFIT evaluation, 
the implementation of the Commission’s response to the European Citizens’ Ini-
tiative ‘Right2Water’ and as a contribution to meeting the targets of the Sustain-
able Development Goals67. This proposal does not suggest revising the current 
pesticide limits in drinking water.

• Directive 2000/60/EC68 establishing a framework for Community action in the 
field of water policy the Water Framework Directive (WFD) sets out general 
provisions for the protection and conservation of groundwater. Article 17 of 
the WFD requires measures to prevent and control groundwater pollution to be 
adopted, including criteria for assessing good groundwater chemical status and 
criteria for the identification of significant and sustained upward trends and for 
the definition of starting points for trend reversals69. Pesticide residues are de-
fined in Directive 2006/118/EC on the protection of groundwater against pol-
lution and deterioration. The same groundwater quality standards as for drinking 
water are set; pesticide residues in water must not exceed 0.1 µg/L for individu-
al substances and 0.5 µg/L for mixtures.

• Regulation (EC) No 1272/200870 concerns the classification, packaging and 
labelling of dangerous preparations, including pesticides.

• Directive 2009/127/EC71 specifies requirements for inspection and mainte-
nance of machinery for pesticide application. It came into force in 2011. This 
Directive is crucial given that failing machinery is one of the causes of environ-
mental pollution and human exposure to PPPs.

65 Council Directive 98/83/EC of 3 November 1998 on the Quality of Water Intended for Human Consumption 
OJ L 330, 5.12.1998, p. 32–54.

66 Proposal for a Directive of the European Parliament and of the Council on the Quality of Water Intended for 
Human Consumption (Recast) COM/2017/0753 Final - 2017/0332 (COD)

67 http://ec.europa.eu/environment/water/water-drink/review_en.html
68 Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 Establishing a 

Framework for Community Action in the Field of Water Policy, OJ L 327, 22.12.2000, p. 1–73.
69 Directive 2006/118/EC of the European Parliament and of the Council of 12 December 2006 on the Protec-

tion of Groundwater against Pollution and Deterioration, OJ L 372, 27.12.2006, p. 19–31.
70 Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on 

Classification, Labelling and Packaging of Substances and Mixtures, Amending and Repealing Directives 
67/548/EEC and 1999/45/EC, and Amending Regulation (EC) No 1907/2006, OJ L 353, 31.12.2008, 
p. 1–1355.

71 Directive 2009/127/EC of the European Parliament and of the Council of 21 October 2009 Amending Di-
rective 2006/42/EC with Regard to Machinery for Pesticide Application, OJ L 310, 25.11.2009, p. 29–33.
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• Regulation (EC) No 1185/200972 concerning statistics on pesticides sets out a 
common framework to ensure Member States provide harmonized statistics on 
the placing on the market and use of plant protection products. The Regulation 
lays down provisions on data collection, transmission and processing of such 
data. Risk indicators have replaced statistics on sales. Results from the first set of 
Harmonised Risk Indicators published in 2019 (i.e. 10 years after the Regulation 
was approved) are discussed in section 2.2.2.

• Commission Implementing Regulation (EU) 2016/67373, amending Regulation 
(EC) No 889/2008, laying down detailed rules for the implementation of Coun-
cil Regulation (EC) No 834/2007 on organic production and labelling of organ-
ic products with regard to organic production, labelling and control. Organic 
producers may only use the 26 substances74 listed in Annex II of the regulation 
and must document the need to use the product.

• Regulations under the Common Agricultural Policy. There are a number of 
ways in which the regulations under the Common Agricultural Policy have been 
used to encourage sustainable farming methods and to help farmers reduce neg-
ative impacts of farming practices on biodiversity, soil quality and water. They 
include: the Good Agricultural and Environmental Conditions (GAEC) required 
under the cross-compliance conditions, the greening conditions applying to the 
receipt of payments under Pillar 1 of the CAP, and agri-environment supports 
and help for organic farming under the Pillar 2 Rural Development Regulation. 
Potentially acting in the opposite direction, the border protection given to agri-
cultural products in the EU together with the generous supports of the CAP may 
have stimulated greater intensification than would have occurred in the absence 
of these supports. It is also worth considering the extent to which the CAP could 
have been, and could in the future be, used to help farmers engage with Inte-
grated Pest Management. To date, this has not been included as a formal part 
of cross compliance although under CAP reform proposals currently in the legis-
lative process it is proposed that provisions of the Sustainable Use of Pesticides 
Directive, especially IPM, should be one of the Statutory Management Require-
ments for farmers to receive CAP payments.

• Regulation (EU) 2019/1381 on the transparency and sustainability of the EU 
risk assessment in the food chain. Coming into force in 2021, this regulation 
will provide more transparency to society and public consultation in approval 
procedures. This has broad application not just to PPP active substances. It will 
require applicants for active substance approval inter alia to notify the studies 
they perform to generate the dossier supporting their application. Whilst it will 
provide transparency in the process for the public it may also create difficulties 
for keeping innovations confidential from competitors. It might be though that this 
can be coped with by the larger companies but SMEs developing biopesticides 
have expressed their concern.

In addition to the above, a Regulation on the transparency and sustainability of the EU 
risk assessment in the food chain (2019/1381), which will come into force in March 
2021, will provide more transparency to society and public consultation in approval 
procedures. This has broad application not just to PPP active substances. It will require 

72 Regulation (EC) No 1185/2009 of the European Parliament and of the Council of 25 November 2009 Con-
cerning Statistics on Pesticides (Text with EEA Relevance) OJ L 324, 10.12.2009, p. 1–22.

73 Commission Implementing Regulation (EU) 2016/673 of 29 April 2016 Amending Regulation (EC) No 
889/2008 Laying down Detailed Rules for the Implementation of Council Regulation (EC) No 834/2007 
on Organic Production and Labelling of Organic Products with Regard to Organic Production, Labelling and 
Control, OJ L 116, 30.4.2016, p. 8–22.

74 The Annex lists 26 subgroups of active substances (basic substances, pheromones, micro-organisms, copper 
compounds...) allowed in organic farming, which add up to 132 active substances currently approved in the 
EU for use in organic farming. For more details, see Section 4.1 on agroecology and organic farming.

C
ro

p 
pr

ot
ec

tio
n 

an
d 

th
e 

EU
 fo

od
 s

ys
te

m

36 RISE 2020



applicants for AS approval inter alia to notify to the public about the studies they perform 
to generate the dossier supporting their application. This is intended to provide trans-
parency in the process for the public but may create difficulties for keeping innovations 
confidential from competitors. It might be though that this can be coped with by the 
larger companies but SMEs developing biopesticides have expressed their concern.

2.4  The impacts of PPPs on human health
European citizens show concerns about the presence of PPP residues in the food they 
buy, this is the issue of dietary exposure. However, the more severe impact of PPPs on 
health are for those who are directly exposed to them, this is the occupational exposure 
issue. This is dealt with first. There are four routes through which PPPs can enter the 
human body in the case of direct exposure: through the skin, i.e. dermally entry is the 
main route, the others are orally, through the eye and via respiratory pathways (Ala-
vanja and Bonner, 2012; Kim et al., 2017). PPPs are distributed throughout the human 
body through the bloodstream, they can be metabolised or excreted through urine, skin, 
and exhaled air (Alewu and Nosiri, 2011; WHO and UNEP, 1990).

The impact of PPPs on human health in the EU is estimated to cost 78 million EUR per 
year, and 90% of it by 2012 derived from the impact of 13 AS, 9 of which are no longer 
approved in the EU (Fantke et al., 2012). The accumulation of evidence, in particular 
relating PPPs and various types of cancer and other health conditions, has been grow-
ing over the last two decades. Exposure to PPPs has been linked to a number of health 
conditions including: cancer (Alavanja and Bonner, 2012; Bassil et al., 2007; Ntzani et 
al., 2013), endocrine disruption (Shelton et al., 2014; Street et al., 2018), respiratory 
conditions (Hoppin et al., 2008), reproductive problems (García, 2003; Roeleveld and 
Bretveld, 2008) in addition to neurological and cognitive effects (Pimentel and Bur-
gess, 2014; Shelton et al., 2014). The high-risk groups exposed to pesticides include 
production workers, formulators, sprayers, mixers, loaders and agricultural farm 
workers (Alewu and Nosiri, 2011), as well as casual users and people living in rural 
areas. In addition to the previous health conditions, the high-risk group may accidentally 
or intentionally be exposed to doses leading to hospitalisation or death (Gunnell et al., 
2007). Member States are required to report on these acute poisoning incidents, but 
there are currently no standard rules for the collection of data nor its reporting (Settimi 
et al., 2016). Children and pregnant women are another group at risk. PPP exposure 
during pregnancy may lead to miscarriages, preterm births, birth defects and learning 
problems in children (Petit et al., 2012; Stillerman et al., 2008; Windham and Fenster, 
2008).

Assessing health risks from dietary exposure through consumption of food which may 
have PPP residues is complex. Studies linking PPP exposure and health outcomes are 
for the most part epidemiological studies75. These studies do not allow causal relation-
ships between a specific substance and particular human health risk to be established, 
yet, these links are needed if action is to be taken at a public health level. Meanwhile 
reliance is placed on scrutinising test animals for health impacts in the course of toxicity 
studies required for the authorisation process. This uncertainty explains why the appro-
priate regulatory stance for PPPs is exceedingly difficult to draw. The manufacturers and 
users of PPPs will naturally focus on specific products whilst a precautionary approach 
to the uncertainty lends itself to a generic approach. However, the EEA has recognised 
that action taken on banning some pesticides in previous decades came late while ac-
tion could have been taken earlier (EEA, 2013).

75 Such as case-control studies, cross-sectional studies or occupational exposure studies.
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Risk assessment of pesticide impact on human health is not an easy process because 
of differences in the periods, levels of exposure, types of pesticides (regarding their 
toxicity), mixtures or cocktails used in the field, and the geographic and meteorological 
characteristics of the agricultural areas where pesticides are applied (Damalas and 
Eleftherohorinos, 2011). Little is known about the impact of exposure to a mixture of 
pesticides, even at low levels, on human health. This is known as the “cocktail effect” 
and is one of the focus areas of current research by EFSA76,77. Whether or not dietary 
exposure of the general population to pesticide residues found on food and drinking 
water consists of a potential threat to human health, is still the subject of scientific con-
troversy. On the other hand, it has also been suggested that the potential cancer risks 
linked to ingestion of pesticides in fruits and vegetables could be lower than the protec-
tive beneficial effect of eating the fresh products (Valcke et al., 2017).

Determining the toxicity of a substance (acute vs. chronic)

Determining any adverse human health effect of pesticide use is a complex task. The 
direct effect of an active substance is most easily identified as the so-called acute tox-
icity of a substance. Acute toxicity is the ability of a substance to cause harmful effects 
which develop rapidly following absorption, i.e. within a few hours or a day, by any 
route of entry (dermal, oral, inhalation or the eyes) (Yadav and Devi, 2017). Acute 
toxicity is commonly expressed in the lethal dose 50 (LD50) or lethal concentration 50 
(LC50) values and is determined from laboratory experiments with test animals78. Acute 
pesticide poisoning is regarded as a serious public health concern for agricultural 
workers79. Symptoms of acute pesticide poisoning range from headaches, skin rash, 
diarrhoea, insomnia, impaired vision, panic attacks and in severe cases coma and 
death (Thundiyil, 2008).

Chronic toxicity refers to the adverse health effects resulting from longer term exposure 
to a substance. It is much more difficult to determine the chronic toxicity of a substance 
since there is no standard measure like the LD50 used in acute toxicity studies. Effects 
may develop even due to exposure to very low levels of the substance, even below the 
Acceptable Daily Intake (Box 3). However, understanding of the chronic human health 
effects of pesticides has improved greatly in the past decade due to a better charac-
terization of specific chemical exposures, rather than pesticides as a functional group. 
Chronic toxicity is determined through animal tests, in vitro experiments, adverse out-
come pathways and epidemiological studies. Numerous peer-reviewed articles on the 
human health effects of pesticides have been published over recent decades analysing 
possible human health outcomes such as cancer, neurological consequences, respira-
tory diseases, diabetes and cardiovascular diseases, of pesticide exposure (Coll and 
Wajnberg, 2017). These studies are epidemiological studies, showing some evidence 
of possible relations between the exposure to certain types of pesticides and certain 
health effects. However, there are few reliable epidemiologic studies that allow direct 
estimates to be made of health risks from dietary exposure to specific pesticides or pes-
ticides as a group or contaminated water (Bonner and Alavanja, 2017).

76 See more here: Nicolopoulou-Stramati et al. (2016) and Hernández (2013).
77 EFSA is currently looking into this. https://ec.europa.eu/food/plant/pesticides/max_residue_levels/cumula-

tive_risk_en
78 The lethal dose 50 refers to the amount of the substance required (usually per body weight) to kill 50% of the 

test population.
79 And of course foresters, park keepers or any other occupational group who through their work are frequently.

C
ro

p 
pr

ot
ec

tio
n 

an
d 

th
e 

EU
 fo

od
 s

ys
te

m

38 RISE 2020



Another matter whose importance is being noticed concerns risks to human health be-
cause organisms which infect humans are becoming resistant to the drugs customarily 
used because the same class of chemicals are being routinely used as PPPs in agricul-
ture, horticulture and as biocides for non-crop use. While the issue of antimicrobial 
resistance is a well-publicised issue in relation to antibiotic use in livestock production, 
some chemical classes used in human medicines are also applied in crop production 
and the corresponding problem can arise (FAO, 2018). An example concerns the lung 
condition aspergillosis. This is caused by the fungus Aspergillus fumigatus which has be-
come resistant to the previously effective azole drugs. The result is a rise in death rates 
from this condition (Fischer et al., 2018). These are complex issues, and just as with 
antibiotics the over-prescription and misuse of human medicines is part of the problem 
of resistance development. Nonetheless, pathogen resistance to chemical treatments is 
a growing concern.

In summary, from a scientific and regulatory perspective European food consumers 
are deemed satisfactorily protected from potential adverse impacts of plant protection 
products, given current knowledge. However, it is not clear if this perception is shared 
by consumers themselves. Remaining concerns about the safety of PPP use for human 
health are the health impacts of those who are most exposed to these products, farmers 
and farm workers. Other issues raised are the potential impacts of the ‘cocktail effect ’ 
of PPPs on human health and the problem of resistance.

Box 3  The Acceptable Daily Intake (ADI)

EFSA defines the acceptable daily intake as: “an estimate of the amount of a substance 
in food or drinking water that can be consumed over a lifetime without presenting 
an appreciable risk to health. It is usually expressed as milligrams of the substance 
per kilogram of bodyweight per day” (EFSA website). The ADI is derived from multiple 
generation and chronic full-time studies on animals (Keulemans et al. 2019) These are 
long-term studies exposing test animals at a range of pesticide doses to define the ref-
erence point below which no adverse effects occur. This dose, known as No Observed 
Adverse Effect Level (NOAEL) or No Observed Effect Level (NOEL) on animal testing, is 
used to derive the ADI for humans. It takes the value of the most critical concentration 
whether from a carcinogen study or from another chronic study. A 100-fold safety or 
uncertainty factor is considered in calculating the safe daily intakes of food by humans, 
to overcome differences between animals that are used in the tests (inter-species varia-
bility) as well as differences relevant to acute effects between humans (inter-individual 
variability). These are the factors used by the WHO; a factor of 10 for inter-species 
variability and another factor of 10 for inter-individual variability. For regular pesticide 
users, the AOEL is calculated on the basis of shorter-term sub-chronic toxicity studies 
related to the oral exposure route of pesticides (Matthews 2006) There are criticisms 
on the way that ADIs are formulated since exposure to an individual with allergies or 
inflammatory diseases may be more likely to result in adverse outcomes even at ADI 
levels. Chronic diseases may still develop negative outcomes at very low exposure 
concentrations, even below the NOAEL. Note also that doses refer to active substances 
and not the PPPs, while toxicity can be different for an active substance or the PPP due 
to the presence of adjuvants in the latter.
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2.5 The impacts of PPPs on  
 the environment
This section focuses on the impact of crop protection methods, and in particular PPPs, 
on soil, water, air and biodiversity. It is clear from the literature that crop protection 
is just one element of current conventional agricultural systems, and that the precise 
attribution of environmental damage to crop protection solely is often difficult where 
other factors such as mechanisation, crop rotations and timing of operations (especially 
whether autumn or spring sowing) and the use of mineral fertilisers amplify the envi-
ronmental impacts. It is the combination of these factors which has contributed to large 
changes in the surrounding environment.

The elimination of plants, fungi or insects competing against, or threatening, the produc-
tion of food or fibre crops, can negatively impact the surrounding environment. From 
the physical removal of weeds to the most sophisticated PPPs, the direct and indirect 
impacts of crop protection on the environment have increasingly been studied, under-
stood and regulated, although gaps remain. The notion that crop protection, and in par-
ticular, PPPs, could persist in the environment and pose harm to non-target organisms 
was only realised after large quantities of PPPs had been used in the 1940s, 50s and 
60s (see Box 4). Banned by the Stockholm Convention (as of 2004), persistent and bio- 
accumulative chemical compounds have been gradually replaced by products claiming 
to be less persistent and less harmful. However, the impacts of the banned compounds 
are still being observed because they continue to be present, in their original form or 
in that of their metabolites, in the environment (Carvalho, 2017; Szlinder-Richert et al., 
2012). It is also regrettably the case that there can be illicit use of banned substanc-
es, and counterfeit products in circulation originating from stocks of banned products 
which were not destroyed or imported (illegally) from countries in which the product 
freely circulates. The EC estimates that illegal and counterfeit PPPs represent 10% of the 
EU PPP market and the number of sanctions is considered to be too low to incentivise 
compliance (EC, 2015).

The main impacts of PPPs relate to the pollution of water and loss of below-ground, 
above-ground and aquatic biodiversity through direct (lethal) and indirect (sub-lethal) 
effects (see references in the following sections). Of particular concern is the potential 
impact of PPPs on the removal of natural predators that play an important role in 
protecting crops against pests (Dainese et al., 2019). The magnitude and consequenc-
es of such impacts is still poorly understood and the persistence of some PPPs, which 
allows them to accumulate and concentrate in the tissues of animals higher up in the 
food chain, makes the situation the more worrisome.

Most of the research on the environmental impact of crop protection has focused on 
PPPs. Despite improved more precise and specific targeting of pests in the last few 
decades, part of the pesticides applied to crops is not taken up by the plants but rather 
transferred to its surrounding environment. The percentages of the pesticide not taken 
up by crops varies widely depending on crop type, the crop growth stage, the appli-
cation method and the characteristics of the PPP, but also on less controllable factors 
such as the weather and can thus vary spatially and temporally. The fate of the PPPs 
will depend on the specifics of the active substance molecule, how it behaves on expo-
sure to air, water and soil, and how it interacts with organisms, other pesticides, their 
residues and breakdown products. It is therefore of crucial importance to understand 
the different pathways through which pesticides are released into the environment and 
determine their potential interactions with non-target organisms, other pesticides and 
their residues in order to minimise their negative impacts.
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Box 4                       Rachel Carson and the ban on DDT

A very important step in the development of pesticide regulation followed after 
the publication of the book Silent Spring in 1962, by the marine biologist Rachel 
Carson. This documented for the first time the environmental impacts of synthetic 
pesticides. Carson focused heavily on DDT, an organochlorine insecticide, which 
was widely used in agriculture, forestry and even wild and wetland management 
in the 1960s in the United States, and then around the world. DDT was devel-
oped in 1874, its insecticide properties were discovered in 1939 and helped 
control vector-diseases such as malaria by mosquitos and typhus by lice during 
World War II. Its use in agriculture followed and the synthetic product was often 
applied in large doses by aerial spraying. Carson evidenced the persistence and 
bio-accumulative effect of DDT and showed that birds with high levels of DDT in 
their bodies produce thinned eggshells that often break before hatching of the 
offspring. Silent Spring created a public awareness of the environmental impact 
of pesticide use and drew attention to how its effects could be magnified up the 
food chain. Her efforts had an enduring effect on the regulation of pesticides 
worldwide. Simultaneously, in Long Island, New York State, a small group of re-
searchers went to court (unprecedented at that time) and won a case that resulted 
in a ban on DDT in 1966. This court case was the onset for a state-wide ban of 
DDT in 1970 and a nation-wide ban by 1972 in the United States. Following the 
public concerns of that time, the United States Environmental Protection Agency 
was established in December 1970. (Text based on Schäffer et al., 2018)

2.5.1  Pathways for PPPs into the environment
PPPs are deployed in agriculture through several pathways (Figure 13). The fate of the 
PPP in the environment depends on its physical and biochemical properties and the 
method of application used. The predominant method in the case of arable crops, which 
account for a large proportion of the total quantity of PPPs used, is the direct application 
to the growing crops in relatively dilute water solution using spray nozzle technology. 
PPPs are formulated with adjuvants designed to adhere to the target plants to confer 
protection but depending on conditions (topography, temperatures, time of day, wind 
and the application equipment) part of the applied dose may drift beyond the crop, 
and some may enter the atmosphere close to the ground through volatilisation.

PPPs not taken up by crops enter soils mainly through deposition and leaching. They 
can subsequently follow various routes80 to air and water through which they are totally 
or partially removed from soils or can accumulate in them through adsorption in organ-
ic matter and clays. PPPs can get into the surface water mainly through surface runoff, 
drainage and deposition when drifted through air. They can also reach groundwater 
through leaching. Another widespread form of application is through seed dressing, 
where seeds are coated with material containing a PPP prior to sowing. After being 
sown, the active substances disseminate into the soil around the seed and are taken 
up by the seedling and dispersed throughout the plant to ensure protection (in the case 
of systemic active substances). For weed control, wide spectrum herbicides may be 
sprayed onto the field before seeding the crop to clear the crop for weeds, or selective 
herbicides may be applied over the crop.

80 These routes are volatilisation, leaching, runoff, photodecomposition or removal by crops.
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In addition to the routes above, PPPs can also be transformed chemically or by microbes. 
The short and/or long-term impact of the resulting metabolites and PPPs themselves 
will depend on their mobility, half-life and persistence, and these characteristics 
depend not only on the active substance but also on the inert substances contained 
in the PPP. Despite not being often considered in toxicological or risk studies, the inert 
substances in PPPs can modify the impacts of the PPPs on human health and the environ-
ment by increasing their toxicity or altering exposure routes (Cox and Surgan, 2006).
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Figure 13  Schematic representation of the main pathways followed by PPPs that are not taken up by crops.  
Own figure based on the text and references in the section. Minor pathways not included.

2.5.2  Impact on soil and water ecosystems

Impact on soil biodiversity, functions and resilience

Soil fertility results from a combination of the physical, biological and chemical prop-
erties of a soil. Soils play a key role in agricultural ecosystem resilience to droughts, 
floods and pest outbreaks. The physical and chemical properties of soil have been 
thoroughly studied and documented; their fertility and suitability for crop production 
varies with, inter alia, their texture, bulk density and organic matter content. Simple 
measures like soil pH (soil acidity) and their effect on plant growth are reasonably well 
understood. In contrast, soil biology is much less understood.

Soils are a highly diverse habitat home to thousands of species, the large majority of 
which remain unknown to date, and it’s also home to the largest gene pool (Lavelle et 
al., 2006). Soil organisms are generally of small size and range from several centime-
tres to micrometres. They can be grouped into: (a) plant roots, (b) mammals, (c) insects, 
molluscs, arachnids, worms, (d) protozoa and nematodes, (e) bacteria, viruses, fungi 
and mycorrhiza. It is estimated that less than 10% of all soil microfauna81 (i.e. protozoa 
and some nematodes) and microorganisms have been identified (Barrios, 2007; Orgi-
azzi, 2016). This is due to the little recognition given to soil organisms for a long time, 
its magnitude in numbers and the difficulties in sampling and determining their links to 

81 Soil organisms are often defined by their size. Microfauna range from a body size of 20 µm to 200 µm.
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soil functions (Gardi et al., 2013). Another challenge lies in the wide spatial variability 
of soil organisms, which has been found to be larger than their temporal variability 
(Fierer, 2017).

The biological activity in soils is concentrated in the upper 10 cm, most of which is 
performed by soil microorganisms and microfauna. These organisms consist of bacte-
ria, fungi including mycorrhiza, protozoa, nematodes and algae and are involved in 
the crucial and highly complex processes of nutrient cycling and the decomposition of 
organic matter. In terms of biomass, a large proportion of soil fauna is represented by 
earthworms. They play an essential role in the structuring of soil and creation of pore 
space helping water and nutrients reach soil roots, and also alter soil chemistry by mix-
ing organic matter, nutrients and minerals through ingestion (Menta, 2012). Together, 
soil organisms also contribute to providing many soil functions and to sustaining non-
soil dwelling organisms which feed on them (i.e. birds feeding on worms).

Over the last decades, soil biodiversity has been increasingly recognised as a key 
element in the provision of soil functions and ecosystem services (Lavelle et al., 
2006). The list of soil functions in which soil organisms play a key role is long. These 
include (FAO and ITPS, 2017): nitrogen fixation, nitrification, denitrification, cellulose 
decomposition, decomposition of organic materials, pesticide decomposition, methane 
oxidation, soil organic matter formation, sulphur oxidation, phosphorus fixation or mo-
bilisation, nutrient transfer and carbon storage. In addition, soil microorganisms con-
tribute to soil remediation, pest control and the formation of aggregates and physical 
soil structure. Because the living, biotic, component of soil is so important we frequently 
talk about the health of soils. A healthy soil is well able to perform this wide range of 
functions, whereas a depleted unhealthy soil is less fertile and less able to perform the 
above functions. Soil organisms also play central role in soil resilience. A resilient soil 
is one which is capable of recovering back into a healthy state from a disturbance/
perturbation, or, in other words, on which has the ability to recover its “functional and 
structural integrity” (Seybold et al., 1999). In agricultural systems, such perturbations 
take the form of floods, droughts, pest and disease outbreaks but also agricultural prac-
tices such as ploughing.

The loss of soil biodiversity has been considered a key threat for soil security in the 
near future (McBratney et al., 2014). The fact that our current system of agriculture is 
affecting soil-dwelling organisms and soil functions is no longer questioned (Tsiafouli 
et al., 2015). Soil biodiversity is considered to be at risk in the majority of agricultural 
soils in the EU (Orgiazzi, 2016). While there is a general agreement that the preserva-
tion of a minimum number of species is needed for ecosystem functioning, there is no 
agreement on which these species should be. It is also not even clear if the species that 
are sustaining ecosystem functions under current environmental conditions will continue 
to be the ones doing so under a changing climate. These uncertainties reinforce the 
importance of preserving not only what are currently considered to be important spe-
cies but rather wider biodiversity spectrum as possible to build a resilient agricultural 
system.

Crop protection is designed to assist healthy crop plant growth, however some aspects 
of the way it is done can, with repetition over the long term, have undesirable effects 
on soil structure, its organisms and therefore its health. Arable soils where PPPs and 
tillage are used have lower soil macro-fauna compared to fallow (Fischer and Wagner, 
2016; Krogh et al., 2007) and lower soil organism biomass compared to areas with 
permanent vegetation (de Vries et al., 2013). Tillage, if badly or overdone, may di-
rectly degrade soil structure, it can deplete certain soil fauna such as earthworms and 
can lead to soil erosion. Research to date also suggests that the presence of PPPs can 
alter the long variety of functions performed by soil organisms, but the magnitude of 
such a disturbance remains unquantified due to the difficulty in establishing baseline 
levels (FAO and ITPS, 2017). The documented impacts of PPPs on soil organisms mostly 
relate to insecticides and fungicides, while few herbicide effects have been reported 
(Bünemann et al., 2006).
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Impacts of insecticides include changes in the populations of bacteria and fungi, re-
duced activity and reproduction of earthworms and reduced microbial and enzyme 
activities (Bünemann et al., 2006). Fungicides have shown to have even larger effects 
on soil organisms including significant reductions in microbial biomass and changes 
in microbial respiration rates. Of particular importance is the impact of copper-based 
fungicides used in both conventional and organic agriculture. These fungicides are 
among the most toxic and persistent82 group of fungicides and reduce the population 
and activity of earthworms, increasing the bulk density of soils (Eijsackers et al., 2005; 
Van Zwieten et al., 2004). Besides the impact of the active substance, the adjuvants in 
a PPP may also have an impact on soil organisms, but their effect remains for the large 
part unknown (Bünemann et al., 2006).

There is currently no requirement to monitor PPP residues nor other pollutants in EU 
agricultural soils. This is a clear limitation in the assessment of the impact on PPPs on 
soil organisms and functions taking into account that a recent study using soil samples 
from 11 EU MS found that 80% of agricultural soils contained pesticide residues, the 
majority of which showing more than one type (Silva et al., 2019). Also limiting is 
the fact that the few studies that have analysed soils for PPP residues have done so for 
single PPPs or a limited number of them (Silva et al., 2019). This is particularly prob-
lematic considering the uncertainties regarding the potential ‘cocktail effect’ (Liess et 
al., 2016).

When assessing the impact of PPPs on soil organisms it also questioned whether the 
impacts should be assessed per species or per soil function. Another question refers to 
the valuing of these soil functions if their losses need to be compared against the eco-
nomic value of yields and PPP. And there are also questions about how far a certain 
impact is acceptable. One of the difficulties in establishing the impact of pesticides on 
soil organisms is that many of them cannot be cultured, making it difficult to test their 
response to pesticide presence (Lo, 2010).

Impact on water quality and aquatic organisms

75% of the EU population depends on groundwater for water supply. It is also used to 
irrigate agricultural crops. The Water Framework Directive requires certain potential 
water pollutants to be carefully monitored by MSs to determine the risk the pose to the 
aquatic environment. The list currently includes a few insecticides83. But groundwater 
pollution has mainly focused on nitrates while pesticide residues have been less studied 
(Skevas, 2019). A recent study in the Netherlands showed that pesticides in groundwa-
ter exceed both Dutch and EU accepted levels (Sjerps et al., 2019). This is also the case 
in some groundwater in Spain (Andreu Rodes and Fernández-Mejuto, 2019) and very 
likely in other EU countries. In France, almost all water bodies contain PPPs (OECD, 
2017b). In the most polluted areas, it is the level of herbicides which are making con-
centrations of PPPs in water high84. A study conducted throughout 10 EU countries test-
ed for the presence of 275 PPPs and found 103 of them in the analysed samples (24 of 
which were banned in the EU), although 92% were found within allowed concentration 
levels (Casado et al., 2019). This study also showed that in almost half of the analysed 
waterways acceptable concentration levels were exceeded for at least one PPP, with 
insecticides most frequently present above the allowed limits. PPPs can also accumulate 
unevenly in water bodies such as lagoons, with varying impacts for local organisms 
(Moreno-González and León, 2017).

82 In vineyards, the contamination with copper (Cu) has been found to exceed legal limits in many regions in the 
EU in both organic and conventional (Komárek et al., 2010).

83 The surface water Watch List (WL) lists potential water pollutants that should be carefully monitored by EU MS. 
Five neonicotinoids are on that list. Two herbicides were recently removed from that list as the JRC considered 
that sufficient high-quality monitoring information is now available.

84 www.eaufrance.fr/repere-presence-de-pesticides-dans-les-cours-deau
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The status of EU waters is improving gradually year by year but the majority Eu-
rope’s water bodies still do not meet EU’s minimum target to be classified as having 
a ‘good status’ (Kristensen et al., 2018). Although eutrophication is often the most 
serious cause of quality loss in freshwater systems, the presence of PPPs and other chem-
icals poses a threat that remains to be fully quantified. Among all chemicals, PPPs have 
been found to be responsible for exceeding (acute) risk thresholds in EU river basins 
(Malaj et al., 2014). Reaching toxicological thresholds is certainly a problem, but the 
impact of many chemicals present in low concentrations in freshwaters may also be a 
concern. In this regard, the EEA recently issued a report85 stating that “more attention 
is needed to address the danger posed by the ‘cocktail effect’ of lower concentrations 
of chemicals in European lakes, rivers and other surface water bodies”. The report 
called for the need of more robust data regarding diffuse sources of pollution, which is 
the case of agriculture. The precise magnitude and extent of the role played by PPPs, 
on aquatic biodiversity loss remains for the most part unquantified and underestimated 
(Stehle and Schulz, 2015) but there is some evidence that lethal and sublethal effects of 
PPPs on organisms may show even in waters with PPP levels that fall within safe values 
in EU regulation (Liess and von der Ohe, 2005). Signs of this have been found in the 
Llobregat river in Spain (Köck-Schulmeyer et al., 2012), mainly for algae and mac-
ro-invertebrates, as well as in Germany and France on stream invertebrates (Beketov 
et al., 2013; Münze et al., 201786). Monitoring programmes with increased sampling 
frequency are needed to better assess changes in freshwater status. Unfortunately, there 
are often no baselines from which to assess improvement in status.

Excess nutrients and habitat loss are considered to be key drivers of biodiversity loss 
in aquatic ecosystems. However, evidence has been mounting over the last decade 
on the impact that PPP residues in EU waters is having locally on aquatic organisms 
and freshwater ecosystems (Beketov et al., 2013; Brühl et al., 2013; Hanazato, 2001; 
Kronvang et al., 2003; Liess and von der Ohe, 2005; Malaj et al., 2014; McMahon 
et al., 2012; Schäfer et al., 2012; Stehle and Schulz, 2015; Stuart et al., 2004). Up 
to 42% declines have been observed in stream invertebrates in the EU and Australia 
(Beketov et al., 2013). PPPs cause lethal and sublethal effects in aquatic organisms 
which contribute to changing species richness. Among sublethal effects, changes in 
swimming behaviour, adult weight and delays in development have been reported.

The rate of decline among amphibia has been happening at a very fast pace (Aldrich 
et al., 2016; Stuart et al., 2004). This is because amphibians have a skin which is 
more permeable than that of other groups of species and they come in contact with 
PPPs through more routes of exposure including food, air, soil and water (Aldrich et 
al., 2016). In a study for the European Food and Safety Authority (EFSA), Fryday and 
Thompson (2012) found that while dermal exposure is the main route of exposure for 
amphibians, there are currently no methods to assess this risk and EFSA considers that 
amphibians are already protected in their aquatic life stages through the tier protecting 
fish. It has also been suggested that co-formulants in PPPs can increase their toxicity to 
amphibians (Aldrich et al., 2016; Brühl et al., 2013). Brühl et al. (2013) tested several 
PPPs (fungicides, herbicides and a pesticide) directly on frogs (a realistic worst-case 
exposure) and observed high rates of mortality (between 20-70%) after 7 days of ex-
posure for all tested products. Interestingly, the study did not confirm whether it was the 
active substance or the co-formulants which determined the final toxicity in terrestrial 
life stages.

85 www.eea.europa.eu/highlights/more-action-needed-to-tackle
86 In this publication, PPPs originated from wastewater treatment plants.
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2.5.3 Impact on aboveground terrestrial biodiversity
Maintaining high biodiversity values in agricultural ecosystems is important for the pres-
ervation of a healthy trophic chain and of many ecosystem services which contribute 
to supporting life on earth (Dainese et al., 2019; IPBES, 2019). Biodiversity richness 
and abundance in agricultural ecosystems depends on the extent to which they have 
been modified for production purposes and the intensification and specialisation they 
are subjected to (Poláková et al., 2011). The FAO itself recently issued a report (FAO, 
2019) assessing for the first time the state of the world’s biodiversity for food and agri-
culture (BFA87). The report found that many key components of biodiversity for food and 
agriculture at genetic, species and ecosystem levels are in decline. The report attributed 
this to the destruction and degradation of habitats, overexploitation, pollution (i.e. over 
application of fertilizers and pesticides) and other threats. While it is generally agreed 
and understood that habitat loss plays a central role in biodiversity decline in agricul-
tural (and in general terrestrial) ecosystems, the contribution of pesticides to this decline 
remains unclear. Research has focused on the impact of certain active substances or 
PPPs on specific organisms, but the overall impact of crop protection, and in particular, 
PPPs, at the population or ecosystem levels is much less understood (Köhler and Trieb-
skorn, 2013).

The European Commission assesses changes in agricultural biodiversity using two main 
indicators: the farmland bird index and the grassland butterflies index. Both indexes 
decreased between 1990 and 2016 showing a 32% reduction in common farmland 
bird numbers and a 40% reduction in grassland butterfly and pollinator population (for 
the 19 countries where monitoring schemes exist) (EEA, 2019). Although these omit a 
wide range of other organisms, these two proxy indicators are thought to give a good 
indication of the magnitude of the changes in biodiversity. In addition to this, the EC 
acknowledges that “the conservation status of 70% of species of European interest in 
agro-ecosystems is unfavourable, while only 3% are in favourable condition and the 
status of the remaining is unknown” (EC and DG-ENVI, 2018).

The analysis of the causes of biodiversity decline, and attempts to assess the respon-
sibility of PPPs, are difficult because of the large number of other factors involved 
(i.e. habitat loss, fertilizer use, mechanisation), the number of authorised PPPs and 
the complex interactions among species. While the precise contribution of PPPs to 
regional biodiversity losses remains unknown, evidence is increasing regarding their 
local impacts. The effects of PPPs on non-target organisms can be direct and lethal, or 
sub-lethal but having impacts on the longer run health and numbers of that species. 
The impacts can also be indirect, such as the subtle and multi-stage interactions that 
may be disrupted when a local target or non-target organism population is removed 
or substantially reduced by PPP application, or by other crop protection mechanisms. 
Reductions in one species can interfere with the food supply, nesting materials, cover 
or other conditions impacting on other species further up the food chain, as well as 
changing the dynamics between that specie and its competitors and/or parasites. This 
is true both for herbicides which remove weed seeds and cover, and for insecticides 
which remove the food source of many birds and other animals. One of the main diffi-
culties in these assessments lies precisely in tracing the effects from the local (individual) 
level to the community and ecosystem level. Essentially, it remains unknown whether, 
to what degree, and at what concentrations cause species losses at the landscape and 
regional scales. 

87 BFA is the subset of biodiversity that contributes in one way or another to agriculture and food production. It 
includes the domesticated plants and animals that are part of crop, livestock, forest or aquaculture systems, 
harvested forest and aquatic species, the wild relatives of domesticated species, and other wild species har-
vested for food and other products. It also encompasses what is known as “associated biodiversity”, the vast 
range of organisms that live in and around food and agricultural production systems (this include crop and 
livestock production, forestry, fisheries and aquaculture), sustaining them and contributing to their output.
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Numerous studies over the last decades have been able to establish correlations88  
between the decline of certain non-targeted species and either type-specific or general 
PPP use. This is the case of studies that have found links between PPP use and a decline 
of aquatic organisms (Beketov et al., 2013; Liess and von der Ohe, 2005; Münze et 
al., 2017; Pisa et al., 2015), amphibia (Brühl et al., 2013), birds (Hallmann et al., 
2014; Mineau and Whiteside, 2013), earthworms (Pelosi et al., 2014; Pisa et al., 
2015), pollinators (Budge et al., 2015; Pisa et al., 2015; Woodcock et al., 2016) and 
other insects (Geiger et al., 2010). But this list is by no means exhaustive. In addition, 
there is growing evidence showing that low, but persistent, concentrations of PPPs can 
have serious impacts on biodiversity (Simon-Delso et al., 2015) and that the negative 
effects on wild plants and animals could continue despite efforts made by EU policies 
in banning the most harmful PPPs (Geiger et al., 2010).

Two groups which account for a large proportion of the research on pesticide impacts 
are insects and birds. These are considered in more detail below.

Impact on insects including pollinators

Insects are under threat and declining in the EU and other parts of the world (Hallmann 
et al., 2017; Powney et al., 2019; Sánchez-Bayo and Wyckhuys, 2019; Seibold et al., 
2019; van Strien et al., 2019; Wepprich et al., 2019). Average rates of insect decline 
are difficult to measure (Hambler and Henderson, 2019). In Germany, Hallmann et 
al. 2017 found a 76% decline in flying insect biomass over the course of 27 years in 
protected areas, which was independent of habitat type. Several studies have linked 
the use of PPPs and insect decline (Geiger et al., 2010; Potts et al., 2010). In line with 
this, a UK study (Goulson et al., 2018) has shown that the risks associated to PPP use 
on non-target insects (mostly honeybees) has increased over the last 26 years despite 
a reduction in the total amount of PPP used per field, due to increased number of PPP 
applications throughout the year89. The EEA’s index of grassland butterflies shows a 
39% decline between 1990 and 2017 (EEA, 2019).

Bees have received most of the attention of PPP impact on biodiversity due to the im-
portant role they play in agriculture. Pollination is considered a regulating ecosystem 
service (Alcamo et al., 2003). Pollinators are estimated to contribute to the production 
of 35% of global food production, although for some of these crops pollination is not 
essential but increases production (Klein et al., 2007). The economic benefit of pollina-
tion in the EU is estimated at 15 billion EUR (EC, 2018a). Bees are not the sole insects 
pollinating plants, many other insects (flies, wasps, beetles, moths and butterflies) play 
an important role in global crop-pollination services (Rader et al., 2016). A few western 
EU countries have reported declines in bee numbers and colony losses over the last two 
decades (Hallmann et al., 2017) and while no unique factor can be attributed to this 
decline, PPP use is listed among the main contributing factors.

In 2016, the Thematic Assessment of Pollinators, Pollination and Food Production was 
published by the Intergovernmental Science-Policy Platform on Biodiversity and Ecosys-
tem Services (IPBES, 2016), often described as the IPCC for Biodiversity. The report 
concluded that PPPs, and particularly insecticides (including neonicotinoids), have a 
broad range of lethal and sublethal effects on pollinators, as demonstrated under con-
trolled experimental conditions. However, they noted that evidence coming from studies 
assessing realistic field exposure was conflicting and stressed that significant gaps in 
current knowledge remain with potential implications for comprehensive risk assessment 
(IPBES, 2016). The EFSA has also assessed that most uses of neonicotinoid pesticides 
represent a risk to honeybees and wild bees (EFSA, 2018). The described impacts on 

88 Correlations do not allow to establish causality, but the mounting body of evidence implies that a link between 
PPPs and the decline of species should at least be further inquired. 

89 Neonicotinoids, which have now been banned in the EU, were suspected to have a major impact on the 
increased risks. 
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bees of a sublethal nature, which are thought to be involved in the global decline of 
wild bees, include effects on basic abilities such as flying, reproduction and nesting and 
reduced immune responses that make them more vulnerable (Goulson et al., 2015; Run-
dlöf et al., 2015; Tosi et al., 2017; Woodcock et al., 2016). In honeybees, research 
has shown that the impact of PPPs varies even among the types of honeybees, foragers 
being the most affected (Tosi et al., 2017). Contaminated nectar and pollen are impor-
tant routes of exposure to PPPs, and honeydew90 has recently been identified as a route 
of exposure for beneficial insects (Calvo-Agudo et al., 2019).

The role of the three main PPP groups on pollinators is also not clear. While insecticides 
are responsible for increased lethal and sublethal effects on pollinators (Stanley et al., 
2015), the role of herbicides is more complex as they can positively or negatively af-
fect pollinators by changing plant abundance and diversity (Catarino et al., 2019). In 
particular, specialised pollinators relying only on a few plant species have been found 
to decline the most in a study in the UK and the Netherlands (Biesmeijer, 2006). A fur-
ther impact of PPPs, particularly insecticides and fungicides, is their negative impact on 
biological control by reducing populations of natural predators (Geiger et al., 2010).

Impact on birds

There is currently little doubt that agricultural intensification has contributed to the decline 
in farmland birds in the EU (Butler et al., 2010; Donald et al., 2006, 2001; Reif and 
Vermouzek, 2019). The EU common farmland bird index decreased by 32% between 
1990 and 2016 (EEA, 2019), while the common bird fell much less at 9%, suggesting 
particular forces at work in agricultural areas. It is the majority of farmland birds which 
are affected, since 20 of the 36 most common EU farmland birds declined while only 7 
increased between 1980 and 2010 (Vo í ek et al., 2010). The overall bird decline is 
affecting common bird species the most, in particular smaller birds, while the numbers 
of less abundant species are rising due to conservation efforts (Inger et al., 2015). Simi-
lar declines have been reported in other world regions under intensive agriculture. In the 
US, declines of 40% in aerial insectivorous birds and 21% decline in grassland birds 
has been reported between 1966 and 2013 (Stanton et al., 2018). The consensus of 
many of the studies is that PPPs, habitat loss and mowing/harvesting are the factors 
most negatively affecting farmland birds, landscape structure being a key determinant 
of species richness (Gabriel et al., 2010). At the same time, several studies have shown 
that bird abundance is higher in organic managed land compared to conventional 
(Batáry et al., 2010; Mckenzie and Whittingham, 2009; Tuck et al., 2014; Winqvist 
et al., 2011), the main reason being a reduced PPP use and the presence of more sem-
inatural habitat on organic farms (Mckenzie and Whittingham, 2009).

Birds can be affected by PPPs directly through poisoning when eating coated seeds or 
indirectly by eating contaminated prey (i.e. predators feeding on rodents or those feed-
ing on agricultural pests) and by loss of food (seeds or insects), shelter or nesting mate-
rial. Despite the difficulty in determining the causes of documented bird declines, it has 
been suggested that habitat loss, the most often attributed factor, cannot alone explain 
the numbers of bird decline (Mineau and Whiteside, 2013), and several studies have 
found links between PPPs and sublethal effects on birds. It is mainly the change in food 
availability, as a result of PPP use, what is leading declining bird numbers and species 
diversity (Köhler and Triebskorn, 2013; Mckenzie and Whittingham, 2009). Reported 
sub-lethal effects include behavioural changes such as reduced activity, impaired hunt-
ing abilities, changes in reproduction and an altered migratory behaviour (Eng et al., 
2019). Reduced abundance of insect food for certain birds, as well as of weed seeds, 
has also been documented as a cause of bird decline in the UK (Bright et al., 2008).

90 Honeydew is a sugar-rich excretion of phloem-feeding insects such as aphids, whiteflies, mealybugs, coccids, 
and psyllids that feed on crops, weeds, or the surrounding vegetation (according to Calvo-Agudo et al. 2019).
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2.6 Has the crop protection 
 chemical toolbox been depleted?  
 Do we know the effects?
This section analyses first the evidence on how the 2009 regulations on the approval 
of PPPs has impacted the chemical compartment of the crop protection toolbox. Has 
the availability of products been reduced? How is likely to develop in the future? It 
then, briefly, considers what the impacts of such changes are or are likely to be at farm 
and sector level.

A source of analysis and information on these questions is provided by the recent Euro-
pean Commission’s REFIT91 evaluation of Regulation (EC) No 1107/2009, on the ap-
proval of plant protection products, and Regulation (EC) No 396/2005, on pesticides 
residues. The purpose of this evaluation is to assess if the regulations meet the needs 
of citizens, businesses and public institutions in an efficient manner. Part of the REFIT 
evaluation was conducted by an external evaluation study published in October 2018. 
The study (Ecorys, 2018) was asked to assess the effectiveness, efficiency, relevance, 
coherence, and the EU added value of Regulations 1107/2009 and 396/2005. This 
thorough evaluation took evidence from all major stakeholders, and, inter alia, looked 
closely at the fears that the toolbox of crop protection products available to farmers was 
being depleted. The following is based on the analysis of the Ecorys study supplemented 
with data from the EU pesticide database92. It starts by going back to the earlier 1991 
Directive on PPPs which harmonised the regulations across the EU Member States.

2.6.1 Number of active substances available
In July 1991, Council Directive 91/141/EEC was adopted, concerning the placing of 
plant protection products on the market. The Directive laid down uniform rules on the 
evaluation, authorisation, placing on the market and control within the European Union 
of plant protection products and the active substances they contain. At that time this 
meant reviewing 979 existing active substances (EAS) which were available on the EU 
market (Ecorys, 2018). This is the sum of all the active substances available in the Mem-
ber States. Note that some of these active substances were not approved under national 
law in certain Member States or limited to restricted use. The implementation of the 
approval process under this Directive took a long time to materialise. It was not until a 
decade later in 2001 that the systematic evaluation of existing active substances got un-
der way. Figure 14 shows how the availability of active substances in the EU changed 
between 1993 and 2010. It shows little happened until 2001 and then a steady trickle 
of approvals of existing and new substances, which accelerated somewhat after 2008. 
The evaluation programme of the 979 EAS was only finalised in 2015, and at this point 
264 of the EAS had been approved, and 715 EAS were removed from the EU market 
(Ecorys, 2018). Most of the active substances disappeared because dossiers were 
either not submitted, were incomplete or withdrawn by industry. Approximately 350 
EAS were submitted for approval and about three-quarters of these were approved. 
From the Ecorys data93 it appears that of the 979 EAS, 27% were approved, 9% were 
removed from the market because the evaluation carried out did not show safe use with 
respect to human health and the environment, and 64% of the EAS were withdrawn by  
 

91 Regulatory Fitness and Performance programme (REFIT) (EC, 2017d).
92 http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=activesubstance.selec-

tion&language=EN
93 Based on the number given in the Ecorys REFIT report for the years 2008, 2009, 2010 and 2015.
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industry or incomplete dossiers were submitted. At the same time, during this period 
more than 79 new active substances (NAS) (Ecorys, 2018)94 were approved on the EU 
market under Directive 91/414/EEC.

Figure 14. Availability of active substances in the EU between 1993 and 2010 (Ecorys, 2018)  
NAS=New Active Substance.

Active substances approved under Regulation 1107/2009

In October 2009, Regulation (EC) No 1107/2009 concerning the placing of plant 
protection products on the market, was adopted, repealing Council Directive 91/141/
EEC. It came into force in 2011. The Ecorys report states that “the total number of 
available active substances has not significantly changed since the entry into force 
of Regulation (EC) No 1107/2009 in June 2011”. By the end of 2017, 494 active 
substances had been approved or re-approved at the EU level, an increase of 67 since 
2011. These included, among others, 20 basic substances and some 20 pheromones 
(Ecorys, 2018). This increased number of available active substances is shown in 
Figure 15, which compares the active substances available in each Member State 
in 2010 and 2016. In all but four MSs the number of available active substances in-
creased in this seven-year period. The exceptions are Spain (ES), France (FR), Ireland 
(IE) and Sweden (SE).

94 79 NAS in 2008. No information found on the number of NAS approved under Directive 91/414/EEC after 
2008. 
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Figure 15  Active substances available for each EU Member State, for 2010 and 2016.  
For Romania (RO), no data is available. For Belgium (BE) and Cyprus (CY), the data incomplete.  
(Data source: MS survey of the Ecorys REFIT evaluation study Annex III)

Since the implementation of Regulation 1107/2009, applications for 64 new active 
substances (NAS) have been submitted (Ecorys, 2018). Of these applications, 22 ac-
tive substances have been approved, and eight substances have plant protection prod-
ucts authorised in at least one MS (Ecorys, 2018). The fate of the other 42 NASs awaits 
completion of the approval process.

In February 2020 there were 47695 active substance approved in the EU, 18 of which 
were considered to be low risk and 20 basic substances. It is complex to tie these numbers 
together precisely without digging deeper into the pesticide database substance-by-sub-
stance. Some AS included in this number were approved under the 91/414 Directive 
and remained approved after 2011. However, comparing the numbers of active sub-
stances available in 2019 with 2011 there was a 9% increase96. This does not seem 
to indicate a depleting PPP toolbox. But the expected future trend is that the number of 
active substances will show a slow decrease97. This is taken up below, but next the num-
bers of plant protection products (as opposed to active substances) is reviewed.

2.6.2  Number of PPPs available
An applicant wishing to place a plant protection product on the market applies for au-
thorisation or amendment of an authorisation either directly, or through a representative, 
to each Member State where the plant protection product is intended to be placed on 
the market (according to Regulation (EC) 1107/2009). Data obtained from a MS survey 
performed by the Ecorys evaluation are shown in Figure 16. It presents the percentage 
change in the number of available PPPs in 2014-2016 compared to 2008-2010 for 
each Member State. This shows an increase in the availability of plant protection prod-
ucts in 20 MS. The availability over this relatively short period decreased in eight coun-
tries: Croatia, Denmark, France, Greece, Spain, Italy, Slovenia, and Romania, mostly 

95 EU pesticide database consulted on 10/02/2020.
96 In 2011, there were 427 active substances approved (Ecorys, 2018).
97 Communication by a European Commission official of the DG SANTE Pesticides and Biocides Unit at a public 

event.
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countries from the Southern zone, and increased in the rest (and in three countries – Aus-
tria, Estonia, Malta and Poland by over 60%).

Figure 16  Percentage change of available plant protection products in EU Member States between  
2008-2010 and 2014-2016. For Cyprus (CY) the data is incomplete. For the Slovak Republic (SK),  

data for 2016 is not available. (Data source: MS survey of the Ecorys REFIT evaluation study Annex III)

These data on plant protection products together with the data on numbers of active 
substances available led the Ecorys report to their conclusion that the procedures under 
Regulation 1107/2009 have increased the availability of crop protection products. 
This statement refers just to the relatively short period 2010 – 2016. The farmers and 
pesticide suppliers have a different perspective looking at the availability over a longer 
period since 2000, during which of course there has been a substantial fall.

The statistics on availability of pesticides is a complex and confusing area, and it would 
be unwise to draw the conclusion that concerns about the availability of PPPs are base-
less. The raw numbers of approved products do not tell the whole story. Approval of 
PPPs is made for use on specified crops. Authorisation dossiers have to show the safety 
with respect to specific crops so these are submitted for the major crops and use on mi-
nor crops may no longer be possible. All that said, on the face of it, there are about half 
the number of active substances available in total across the EU Member States now 
compared to the number available before the year 2000 (approaching 500 compared 
to 1000)98. It is also the case that a great many of the approvals since 2011 have been 
conducted under the provisions of Directive 91/141/EEC rather than the more rigorous 
Regulation 1107/2009. Their fate remains to be determined. As noted, the approval 
process under Directive 91/414/EEC was lengthy and not finalised until 2015. Mean-
while, Article 8(1) of Directive 91/414/EEC allows provisional authorization of new 
active substances at national level for a period not exceeding three years. If, on expiry 
of the three-year period, a decision has not been taken concerning the inclusion of the 
active substance, a further period of use can be permitted99. This derogation was exten-
sively used by MSs to overcome the lengthy approval period under Directive 91/414.

Several important active substances will be evaluated in the coming years, the 
non-renewal of which could have a significant impact on the chemical toolbox. 

98 It is important to note that the 1000 substances ‘available’ is the sum of the AS available across the MSs this 
number was not available in all, or indeed any, individual MSs as the approval process until it was harmon-
ised was at the MS level. 

99 Council Directive 91/414/EEC of 15 July 1991 Concerning the Placing of Plant Protection Products on the 
Market OJ L 230, 19.8.1991.

C
ro

p 
pr

ot
ec

tio
n 

an
d 

th
e 

EU
 fo

od
 s

ys
te

m

52 RISE 2020



Therefore, conclusions about the future availability of products requires a close exami-
nation of the approval programmes under way and planned in the coming years. Ideal-
ly this would be conducted for each major crop group and by major pest and disease 
threats. Unfortunately, such analysis was beyond the scope of this study.

More broadly, looking beyond the specific issue of the number of available active sub-
stances and PPPs, the conclusions of the Ecorys evaluation were that, overall, the two 
regulations are effective and relevant. They noted that there has been criticism about 
the approval process and especially its timeliness, delays and lack of predictability. 
They observed that the system of Rapporteur countries was not working well. As far 
as the main purpose of the regulation to protect health and environment is concerned, 
Ecorys concluded that it had achieved these goals. They drew this conclusion indirectly 
and not from evidence about the health or environmental effects of pesticides. They 
simply observed that the fact that 23 substances were not approved, not renewed or 
withdrawn on health grounds will have reduced health risks. Likewise, they suggested 
that the fact that 15 active substances were no longer approved on environmental 
grounds will have reduced risks for groundwater, soil and wildlife. The report consid-
ered whether there had been negative impacts on EU agricultural competitiveness and 
concluded that there was no evidence of such effects. The regulations were designed 
to bring greater harmonisation across MSs to enhance the functioning of the internal 
market and protect consumers’ health, and these objectives broadly were being met.

The European Commission has been considering the Ecorys report and conducting its 
own appraisal of the workings of these regulations100.

2.6.3   Emergency Authorisations
Article 53 of Regulation (EC) 1107/2009 on emergency situations in plant protection 
authorises Member States in special circumstances101 to allow the placing on the market 
of plant protection products for limited and controlled use for a period not exceeding 
120 days. The procedure for the emergency authorisation is outlined in the DG SANTE 
Working Document on emergency authorisations (EC, 2013). The Member State grant-
ing the authorisation must immediately inform the other Member States and the Commis-
sion of the measures taken, providing detailed information about the situation and any 
actions taken to ensure consumer safety102. Active substances contained in products for 
which emergency authorisations have been granted include both active substances that 
are not approved at EU level, and approved substances for which no normal product 
authorisations exist in the Member State(s) having issued the emergency authorisa-
tions103. The Ecorys evaluation noted that emergency authorisations have shown a 
steady increase since 2011. In 2016, 427 emergency authorisations were granted, 
which included 180 approved active substances. In 2017, 714 emergency authorisa-
tions were granted by Member States. Of these 714 authorisations, 561 involved ap-
proved active substances, 43 active substances pending approval, 79 active substanc-
es with restricted approval (neonicotinoids) and 31 active substances not approved in 
the EU (Ecorys, 2018). Member States attributed the rise in emergency authorisations 
to a decreasing availability in a specific MS of effective active substances and the lack 
of alternative PPPs for specific uses (e.g. speciality crops). Environmental NGOs have 
questioned this suggesting that alternative methods are not sufficiently exploited or tak-

100 The EC report had not been published by the time this report went to print. 
101 Such a measure appears necessary because of a danger which cannot be contained by any other reasonable 

means.
102 Article 53 of Regulation (EC) 1107/2009.
103 The European Parliament special committee on the union’s authorisation procedure for pesticides, documenta-

tion relating to the committee’s work from February to December 2018, Chairman Éric Andrieu, Rapporteurs 
Norbert Lins and Bart Staes, 745 Pages., http://www.europarl.europa.eu/cmsdata/160000/COMPILA-
TION.pdf, 2018.
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en into consideration. The other explanation for the increasing reliance on emergency 
authorisations is quite simply that the approval process is unable to cope with the flow 
of work and therefore subject to long delays in granting authorisations.

2.6.4   Prospective losses in active substances  
 and the likely impacts

Under Regulation (EC) 1107/2009 periodic programmes of renewal are initiated 
called Annex I Renewals (abbreviated AIR). The current such programme, the AIR-3 
program, covers 150 active substances whose approval expired between 1 January 
2013 and 31 December 2018. The AIR-4 program will deal with active substances 
whose approval expires between 1 January 2019 and 31 December 2021; and the 
5th renewal programme will deal with active substances whose approval expires be-
tween 1 January 2022 and 31 December 2024104.

Two European Commission draft working documents on the AIR-3 (EC, 2018b) and 
on the AIR-4 (EC, 2019) renewal programs give an overview of the active substances 
whose approval has expired or will expire within the respective renewal programs and 
has grouped them according to their status in the process. Tables 4 and 5 summarise 
the numbers of active substances involved in these two programs.

Out of the 150 active substances falling under the AIR-3 renewal programme (Table 4), 
a conclusion has only been reached for 35 products, with 25 re-approvals and 10 not 
approved. In addition, the application of 20 active substances has been withdrawn. 
Thus, for almost two-thirds of the substances whose authorisation expired between 2013 
and the end of 2018 the process has not progressed. The expiry date of these active 
substances has therefore been postponed, or to put this another way, the EU authorisa-
tion period is extended. The draft working document mentions that EFSA estimate they 
can only deal with a workload of around 60 substances a year (EC, 2018b).

The corresponding information for the AIR-4 renewal program (EC, 2019) is presented 
in Table 5. These are working documents and the figures will be updated regularly 
by the EC. Since the applicant must submit an application for renewal 3 years before 
the expiry date if they wish to renew the approval of the substance (EC, 2016b), it is 
possible to anticipate the active substances coming under scrutiny for the next 3 years. 
Thus, the AIR-4 renewal program is expected to have to deal with the re-approval of 
215 active substances. Of these, 158 applications (73%) have so far been submitted, 
while no application was submitted, or the renewal application was withdrawn, for 57 
active substances (27%). For 5 active substances out of the 158 received applications 
there is indication they may fail to satisfy the criteria listed concerning human health 
hazards, (i.e. points 3.6.2 to 3.6.5 of Annex II to Regulation (EC) 1107/2009) and as 
hazards for the environment (point 3.7 of the regulation)105.

104  As defined in Regulation 1107/2009.
105  See Section 2.3.2 on hazard vs risk. 
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GROUPS AIR-3  
RENEWAL PROGRAM

Number 
of active 

substances
Renewed Non- 

renewed

No 
application 
received or 
application 
withdrawn 
or approval 
withdrawn

Expiry date 
extended 
to 2019 or 

2020

1) 40 substances with 
previous expiry date 
before 14 June 2014

40 17 8 5 10

2) 23 substances with 
current expiry dates of 

31/7/2014 – 30/11/2015
27 4 2 6 15

3) 55 substances with 
current expiry dates of 

28/2/2016 – 30/11/2017
55 4 0 5 46

4) 28 substances with 
current expiry date of 
31/7/2018 or later

28 0 0 4 24

TOTAL 150 25 10 20 95

Table 4  Number of active substances under the AIR-3 renewal program

According to the EU pesticide database, 476 active substance are currently106 ap-
proved in the EU. In addition, the approval of 239 active substances (50%) will expire 
before 31 December 2021109. This number does not represent all the active substanc-
es listed in the AIR-4 renewal program (see Table 5, Group 4), and includes active 
substances still listed in the AIR-3 renewal program. Following the time delay already 
encountered in the AIR-3 renewal program, plus the numbers of substances coming up 
under AIR-4, it seems likely that the authorisation period of many of these 239 active 
substances will have to be extended.

It is impossible to estimate the outcome of these renewal programs. Will they delete 
active substances faster than new active substances are developed and approved? The 
evaluation of each individual active substance is a detailed scientific inquiry. However, 
there seems to be a presumption that the number of active substances available to 
EU agriculture is likely to fall, and this is likely to include some key products hard 
to replace in current farming systems. By how much, and which substances, and with 
what effects is difficult to gauge without a case-by-case analysis for over two hundred 
substances which is beyond the scope of this study.

106  EU pesticide database consulted on 10/02/2020.
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GROUPS AIR-4  
RENEWAL PROGRAM

Number of active  
substances

Number of applications 
received

No application received 
or application withdrawn 
or approval withdrawn

1) Substances with expiry 
date before 30 April 2019 51 32 19

2) Presumably low 
risk substances 39 30 9

3) Substances that may fail 
to satisfy approval criteria 12 5 7

4) Substances with current 
expiry dates between 
31 July 2019 and 31 

December 2021 that will 
be postponed two years

113 91 22

TOTAL 215 158 57

Table 5  Number of active substances under the AIR-4 renewal program

A consequence of the inability of the approval system to process active substances be-
fore the expiry of their approval date is the increasing number of instances for which 
emergency authorisations (at the Member State level) and extensions of approval peri-
ods (EU level) have to be issued to allow continued use of the substance. Such authori-
sations are also sometimes given to allow more time for substitute products to appear. 
The extent to which this is happening is indicated by the 50% increase in (risk-adjusted) 
emergency authorisations in five years shown by Harmonised Risk Indicator 2 discussed 
in section 2.2.2. This is a deeply unsatisfactory state of affairs which undermines confi-
dence in the system for all parties, farmers and consumers alike.

Turning to the impacts on agriculture of the loss of PPPs, although the banning of well-
used PPPs arouses strong feelings amongst farmers, there are not many published case 
studies of the economic and other effects of loss of active substances. One such re-
port is on neonicotinoids (Noleppa, 2017) which looked at 13 studies of the economic 
impacts of inability to use neonicotinoids on oilseed rape production in 6 EU countries. 
It found an average yield loss of 4% (ranging from 0.5% to 22%), an average of 0.73 
consequential extra foliar spray applications (ranging from 0.33 to 2.0), and a total 
economic impact (made up of reduced output, reduced quality and thus lower selling 
price, and some additional costs) of €512m per annum. There is no reason to no doubt 
that these are indeed some measurable impacts comparing the situations immediately 
before and after neonicotinoids were proscribed. They do not measure the subsequent 
years’ impacts as farmers take other longer-term actions to find ways to protect their 
crops without a PPP on which they had previously relied. Such actions include turning to  
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substitute products which are likely to be less effective and shorten the time until resist-
ance develops, introducing new crops and changing crop rotations. Such future rounds 
of adjustments will generally show lower losses. These are the adjustment costs facing 
farmers as established PPPs are deleted from the lists of approved products. Society has 
implicitly valued the gains in reduction of actual, or risk of, negative impacts on health 
or environment as larger than these costs to farmers. This is the primary purpose of the 
approval process which is not in dispute. Studies extending beyond the farm-level to 
assess the impact of non-approvals at the crop sector level have not been found. The 
economic impacts at the sector level would be expected show up as potential loss of 
competitiveness of the affected EU sector, and with possible impacts of raising domes-
tic prices and inducing changes in international trade flows. The Ecorys evaluation 
did consider the impacts of Regulation 1107/2009 on competitiveness, although not 
through any modelling studies. They concluded there was little noticeable impact.
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