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Appendix 1:
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Crop protection in prevailing agricultural systems in the EU is highly
dependent on plant protection products (PPPs) to protect plants
against harmful weeds, pests and diseases. The use of PPPs is a cause of
health, environmental and public concerns, and a key question is
whether their use can be reduced while maintaining adequate yields.

This study provides an overview and description of current and new
crop protection practices, including mechanical techniques, plant
breeding, biocontrol, induced resistance, applying ecological
principles, precision agriculture (PA), and emerging plant protection
products. The potential and impact of the new crop protection
practices is assessed.

It may be feasible to design resilient systems that are economically
viable, have limited environmental impact and help improve
biodiversity. Diverse cropping systems would have a natural resilience
to weeds, pests, and diseases, and potentially reduce the dependency
on PPPs, enabled by PA technologies. The main challenge is to
integrate new varieties, mechanisation, and biocontrol tools in these
systems. Continuous development of all crop protection practices is
needed to ensure sufficient control of pests, weeds and diseases.

The drivers and enablers for implementing alternative crop protection
practices are identified, and an analysis of key legislation to support
their use is presented.
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The future of crop protection in Europe

Executive summary

The world population is growing continuously and will require an ever-increasingsupply of food.
This can be achieved by using more farmland, but this would be detrimental to the global
environment.lt can also be achieved by raising crop yields per hectare. Another, complementary,
approachis to change dietary habitsand consume less animal products, which would releaseland
used for livestock production and make it available for growing crops for direct human
consumption.

Half of the total cultivated area in the EU (i.e. all the grassland and grazing, plus 50 % of the cereal
area) is used for livestock production. Potentially, at least some of this land could be released from
livestock productionand used to grow plants for human consumption.

This study report focuses on the use of new, improved, crop protection practices as a means of
maintaining the efficiency of food production,while at the same time protecting the environment.

Plant protection products (PPPs) are one of the most effective tools for achieving high crop yields.
Herbicides, insecticides and fungicides protect cropsagainst harmful weeds, insects and diseases.

However, there are societal concerns about PPPs, which have led to public debate, various
controversies and increased demandsfor reducing theiruse. These concerns have been reflected
in current EU legislation. A key question is whether the use of PPPs can be reduced, while
maintaining or increasingyields. This question relates notonly to global crop production,with its
wide rangeinyields; butalso to the EU, with its generally high levels of productivity.

EU agriculture still relies on pesticides for crop protection. A transition is needed towards more
sustainable farming systems to reduce this reliance. It is suggested that three stages of transition
can be distinguished: efficiency, substitution and redesign (the ERS paradigm). Until now, the
focus has been on two out of three stages in the transition to sustainability: efficiency and
substitution. An increased focus on the redesign of farming systems is needed.

New and emerging crop protection practices covered in this report include mechanical
techniques, plant breeding, biocontrol, induced resistance, applying ecological principles,
precision agriculture, and new plant protection products.These practicescan all contribute to the
development of sustainable farming systems, with the greatestimpact being achievedwhen they
are used together in the mostsuitable combinations.

Ofthevarious newand emerging practices, precision agriculture is one ofthemost promising;
with benefits on all productivity, sustainability, health and economic indicators. Its use in
conventional farming is growing steadily, and further uptake is favoured by two trends in EU
agriculture: decreasing numbersof people working on farms, and; increasesin the average size of
farm holdings. Another factor in its favour is thatit may be easier for farmers(particularly large-
scale) toincorporate into their existing practices, comparedto other emergingtechniques. Ease of
uptakeis likely to be particularly beneficialin the short-term.

An additional benefit of precision agriculture is that it has complementary beneficial effects on the
other newand emerging practices, thus justifying the approach of combining various practices.
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A potential drawback are the new, non-agricultural skills thatfarmers need to learn toimplement
precision agriculture technologies. Secondly, the interoperability of farming equipment needs
improvement.

Current EU legislation does not adequately addressall the legal, socialand ethical considerations
raised by developmentsin precision agriculture.

New plant breeding techniques also show widespread benefits for crop protection on all
indicators apart frombiodiversity, where a neutralimpact is indicated. However, thereis aneed to
update EU legislation to cover the latest technical developments in directed mutagenesis (or
genome editing), which are potentially saferthan earlier techniquesof random (or conventional)
mutagenesis.

It is also necessary to address theissue of competitiveness betweenEU producersand producers
elsewhere.Tight regulation of new plant breeding techniquesin the EU may put EU farmers at a
competitive disadvantage with producers in other countries who are able to export to the EU.

Taking into account the strongly held views of the public on genetically modified organisms
(GMOs), the European Commission Group of Chief Scientific Advisors' has proposed thatthe GMO
Directive (Directive 2001/18/EC) should be revised to take into account current knowledge and
scientificevidence as part of a dialogue with relevant stakeholders andthe general public.

Biocontrol is one of just three of the newand emerging crop protection practices with potential
to make a positive contribution to biodiversity (the others are ‘applying ecological principles’ and
precision agriculture). Biocontrol entails all methods, tools, measures and agents of plant
protection that rely on the use of beneficial organisms as well as their natural mechanisms and
interactions. It shows a high potential forimproving crop yields and alsoshows positive impacts
for public health and food safety. However, it may be costlier to use than conventional pesticides
andthereare currently anumberof barriers limiting uptake worldwide.

Applying ecological principles shows a strong benefit for biodiversityand also for crop yield per
hectare, although the impact on farmer income is likely to be neutral in the short-term due to
higher costs. Applying ecological principles increases plant diversity in and around crop fields
through methodsincluding crop rotation, green manure, undersowing, hedgerows, mulching and
mixed cropping.

All diversification strategies benefit biodiversity, although combined diverse and conventional
systems are likely to be the most resilient and bring the greatest environmental and economic
benefits.

Induced resistance involves the use of biotic (living) or abiotic (non-living) agents to prime plant
defence mechanisms. The practices include soilamendment, seed treatments, foliar spray elicitors
androot drench elicitors. This is an emerging areaof researchand has notyetbeenadoptedas a
commercial crop protection practice, but could be beneficial for reducing the need for other crop
protection treatments.

https://ec.europa.eu/info/news/commissions-chief-scientific-advisors-publish-state ment-requlation-gene-editing-
2018-nov-13_en
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Improved mechanical techniques show small positive impacts on publichealth and food safety,
butanegativeimpact on climate change. Effectiveness may increase when coupled with precision
agriculture techniques, such as automated guidance based on global positioning systems (GPS).

New and emerging plant protection products show positive (or ‘less-negative’) benefits for
environmental and safetyfactorsin comparison to existing PPPs. This is because new pesticides
are safer, due to strict regulation and controls on the way they are used, and they are more
specific. Also, they are applied more effectively, due to advances in application technology.

Reduction in their use may be assisted by precision farming techniques, butthey are likely to be
replaced only when other techniques achieve acceptable levels of yield and food quality.

Drivers and enablers are needed to encourage farmers to adopt alternative crop protection
practices —drivers trigger change, enablersfacilitate change.

A literature review on policy instruments for reducing pesticide use in Europe (Lee et al., 2019)
found that farmersface a number of barriersto reducingtheir reliance on conventional pesticides.
As well as concerns over crop yields, productivity and profitability, "Employing alternative crop
protection methods is more time,labour,informationand knowledgeintensivethan conventional
farming systems.”

Lee et al. (2019) found that behavioural change by farmers depends on them being sufficiently
enabled, legitimised, demanded and motivated. When choosing the most suitable drivers and
enablers (or mixtures of these instruments) it is necessary to address these change factors, as well
as the social, environmental and economic characteristics of the farmers being targeted.

The main regulatory issues concerning the adoption of alternative crop protection practices
described in this report concern: new plant breeding techniques; the registration of microbial
biocontrolagents;privacy and autonomy issues regarding precision agriculture,and; continuous
updating of EU legislation regarding plant protection products.

The main challenge is to integrate the new varieties, mechanisation,and biocontrol tools in new
cropping systems that are enabled by precision agriculture technologies, such as autonomous
robots, sensing devices and decision support tools. Breeding programmes take at least 10 to 15
years, the development of a biocontrolagent takes 5-10 years, and designing diversified cropping
systems including addressing underlying research questions, will all take significant time.
Continuous development of all crop protection practices is needed to betterdisruptthelife cycle
of pests, diseases and weeds, and to improve non-chemical controlmethodsand application of
chemical control using intelligent application technologies adapted to local circumstances,
including the knowledge and skills of operators.
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1. Introduction

1.1. Contextand background

The world population is growing continuously. By the end of the 21 century, it is expected that
around 11 billion people will need to be fed. This will require an increase in food production.
Growth in food production can be achieved by using more land for farming, and alsoby increasing
yields per hectare.

Extending the area of land used for food production contributes significantly to the loss of
biodiversity, which is highly undesirable for the sustainability of the environment. As a
consequence, the pressure to improve productivity per hectare increases.

Another - complementary — approach is to change the type of food we eat, essentially by
consuming less animal products. This would release land used for animal production to grow
crops for direct human consumption. This approachwould require significant changesin dietary
habits, and may not be universally desirable or feasible. Nevertheless, it seems likely that changes
in dietary habits willbe animportant factor for foodsupply in the future.

This report focuses on the use of new, improved, crop protection practices as a means of
maintaining or increasing the efficiency of food production per hectare, while at the same time
protecting the environment.

Plant protection products (PPPs) are among the most effective tools for achieving high crop
yields. Herbicides, insecticides and fungicides protect crops against harmful weeds, insects and
diseases. However, the use of PPPs is subject to societal concerns because of their possible impacts
on human health (of producers, consumersand in some cases bystanders) and the environment
(through loss of biodiversity). Recent examples of concerns are debates about the relation
between the use of glyphosate and cancer, and the use of neonicotinoids and the decline of
pollinators.

These concerns have led to public debate, various controversies and an increased demand for
reducing the use of PPPs, which has been reflected in current EU legislation. A key question is
whether the use of PPPs can be reduced while maintaining or increasing yields. This question
relates not only to global crop production with its wide range in yields, but also to the EU with its
generally high levels of productivity.

The concerns were the reason for STOAto organise a workshop ‘Farming withoutagro-chemicals’
on 6 March 2019 (STOA, 2019). The aim was to give participants a better understanding of the
impact of PPPs on food production and explore the perspectives of different stakeholdergroups.

To stimulate furtherdiscussion, at the request of STOA, researchersfrom KU Leuven produced a
scientificbackground report. The reportexplored whetherit is possibleto grow plants without
using herbicides, fungicides and insecticides. It concluded thata policy aimed at reducing the use
of PPPs on its own will have negative trade-offs if the yield reduction is compensated by an
expansion of farmland. This would lead to more biodiversityloss.

Thereport found that, despite the doubling of PPP use since 1980, the environmentalimpact has
been significantly reduced by: application of more strict registration policies; replacement of
broad-acting PPPs by more specific PPPs; avoiding impacts on non-targetorganisms, and; the use

2 https://www.europarl.europa.eu/cmsdata/185760/EPRS IDA(2019)634416 EN.pdf
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of more advanced application technology. Without PPPs, including biopesticides?, the food
security of 11 billion people would be threatened.

Based on the outcomes of the workshop and the scientific background report, STOA
commissioned this studyto explore optionsfor Europeanfarmers to workin a sustainable manner
while securing overallfood production, preserving biodiversity and supportingfarm incomes.

1.2. Objectives

Overall objective

The overall objective of The Future of Crop Protection in Europe project is to present an overview of
crop protection options for European farmers to work in a sustainable manner while securing
overallfood production, preserving biodiversity and supportingfarmer’'s incomes.

This overall objective has been divided in four specific objectives. This report addresses the first
objective listed below:

Specificobjectives
The specific objectives consistent with the foresightapproach, are:

- toreviewand assess currentcrop protectionpractices as wellas possible alternative
crop protection practices;

- todevelop (four) scenarios (narratives of the future) based on the review serving the
brainstormaboutthe potentialimpacts of possible courses of action regarding plant
health protection;

- toanalyseandreportreflections on the publicand otherstakeholders’ perception of
theassessed crop protection practices;

- toprovidearange of policy options justified by the combinationof both thereview
of crop protection practices and the stakeholderanalysis.

Chapter 2 of this report presents the main crops grown in Europe, PPP use on these crops, and
potential alternative crops and cultivars.

Chapter 3 provides a description and assessment of existing and emerging crop protection
practices.

Chapter 4identifies drivers and enablers forimplementing alternative crop protection practices.

Chapter 5 describes key legislation relevant to current and possible alternative protection
practices.

1.3. Data sources

1.3.1. Cultivated area and average yield

Data on the major crops grown in the EU were obtained from the EUROSTAT apro_cpsh1
database*and combinedfor all Member States (MS). For most cropsthe datawas from 2018. Any

3 See Section 3.3 for an explanation of the term biopesticide.

4 https://appsso.eurostat.ec.europa.eu/nui/show.do ?dataset=apro_cpsh1&lang=en
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gaps werefilled with equivalent data from 2015. The data was accessed on 23 April 2020.In some
cases, for example cereals, individual species have been grouped underone heading.

Yields are shown in tonnes per hectare (t/ha). Average yields were calculated as the sum of
production for a crop species divided by the area cultivated.Cultivation areais expressedin 1 000
ha.

1.3.2. Plant Protection Products data

Eurostat data on sales of pesticides® were accessed on 17 June 2020 for the period 2011-2017, and
were used to provide figures for the Member States. The data showed that four Member States
accounted for two thirds of pesticide sales and more than half of the agricultural land in the EU.

Harmonised Risk Indicators (HRI) for the EU and for these four Member States were used as an
indicator for the human health andenvironmentalrisks associated with plant protection products.
Data on pesticide use per crop is unfortunately lacking.

> Note that the terms ‘Plant Protection Product’ (or PPP) and ‘pesticide’ are used interchangeably in this report. For an
explanation of the distinction between the terms, see https://ec.europa.eu/food/plant/pesticides en

11
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2. Main crops in Europe: PPP use and alternative crops and
cultivars

In the following sections, cultivated areas of arable crops, vegetable crops, fruit and nuts, and
grapes and olives are shown for the EU. An overview of possible alternative cultivars and crops
thatareless vulnerable to pestsand diseases is presented. Also, developmentsin plant breeding
forthese crops are discussed.

Section 2.1 shows the area of crops cultivated in the EU. Section 2.2 shows data on PPP use.

Sections 2.3 - 2.6 provide information on the husbandry practices used to grow arable crops;
vegetable crops; fruits, berries and nutcrops;andgrape and olive crops.

In Section 2.7 the potentialimpact of alternative cropsand cultivarsis discussed.

2.1. Cultivated area of crops in the EU

Table 1 shows the total area of the main categories of crops grownin the EU. Temporarygrassland
and grazing are included in this table for completeness but are not further elaborated on the
following sections.

Table 1: Cultivated area of cropsin the EU (1 000 ha)

Crop category Area Area

(1 000 ha) (%)
Arable crops 80 463 74.7
Vegetables 2027 1.9
Fruits, berries and nuts 3224 3.0
Grapes 3034 2.8
Olives 5092 4.7
Temporary grass and 13 865 12.9
grazing
Total 107 707 100

Source: Eurostat

2.2. Use of Plant Protection Products

2.2.1. Sales of PPPsin the EU

Eurostat provides data on PPP sales per Member State. Regulation (EC) No 1185/2009 requires
Member States to provide statistics on placing PPPs on the market and on their usein agriculture.

Statistics on the sale of pesticides have been publicly available on Eurostat since 2011. Data is
collected by many Member States, but the completeness and quality of data provided by
individual Member States varies between years.

12
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The Eurostat dataprovideinsight on sales of pesticidesfrom 2011 to 2018 (Eurostat, accessed 17
June 2020). Figure 1 shows sales in the EU (in kg of active ingredients) for the different groups of

pesticides:

- Fungicides and bactericides;

- Herbicides, haulm destructorsand moss killers;

- Insecticides and acaricides;

- Plantgrowth regulators;

- Molluscicides;

- Other plant protectionproducts.

450 000000
400 000000
350 000000
300 000000
250 000000
200 000000
150 000 000
100 000 000
50000 000

0

PPP sales in the EU 2011-2018
(kg of active ingredient)

2011 2012 2013 2014 2015 2016

m Other plant protection products
H Plant growth regulators
Molluscicides
M Insecticides and acaricides
B Herbicides, haulm destructors and moss killers

B Fungicides and bactericides

2017 2018

Figure 1.PPP salesin the EU between 2011 and 2018 for different pesticide groups
Source: Eurostat (accessed 17 June 2020)

Figure 1 shows that ‘Fungicides and bactericides’ make up the largest proportion of sales in all
years (45 % in the latest year, 2018), followed by ‘herbicides, haulm destructorsand moss killers’
(35 % in 2018). ‘Other plant protection products’ was the third largest group from 2011 -2016 with
approximately 10 % of sales, but was overtakenby ‘Insecticides and acaricides’in 2017 and 2018.

PPP sales (kg of active ingredients) vary significantly between EU Member States. Sales in 2018 for
the EU-28 plus Iceland, Norway and Switzerland are shown in Figure 2. Four EU Member States
(France, Spain, Italy and Germany) accounted for over two thirds of the total. These four MS are
alsothe main agricultural producersin the EU; together theyrepresent 51 % of the total EU utilised
agriculturalarea and 49 % of the total EU arable land (source: Eurostat).

13
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Differences in PPP use between Member States correlates with differences in crop yield (STOA,
2019).

PPP Sales by EU/EFTA State in 2018
(kg active ingredient)
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Figure 2. PPP sales for the EU-28 plus three EFTA States, 2018
Source: Eurostat (accessed 17 June 2020)

The pattern of PPP sales (kg of active ingredients) by group varies between the EU/EFTA States.
The patterns for the four MS with the highest sales (France, Spain, Italy and Germany) are
described belowand shown in the following figures.

In France, ‘Fungicides and bactericides’ and ‘Herbicides, haulm destructors and moss killers’
together make up over 80% of all sales with an approximately even balance between these two
groups. See Figure 3(a).

In Spain, the group ‘Fungicides and bactericides’ has the greatest sales in all years with some
40-60 % of total sales. This group is followed by ‘Other PPPs” and ‘Herbicides, haulm destructors
and moss killers’ with a reasonable balance of sales betweenthe two. ‘Insecticides and acaricides’
occupies fourth placein all years. See Figure 3(b).

In Italy, ‘Fungicides and bactericides’ is the dominant group with around 60 % of total sales. It is
followed by ‘Other PPPs with around 20 % of the total. See Figure 3(c).
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In Germany ‘Herbicides, haulm destructors and moss killers’, ‘Insecticides and acaricides’ and
‘Fungicides and bactericides’ together account for over 90 % of total sales in all years, with an
approximate balance between the threegroups. See Figure 3(d).

Figure 3(a). Pesticide sales in France (kg active

90000 000 ingredient)
[ ]
= | -
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70000 000 III

60000 000 [ .
50000 000
40000 000
30000 000
20000 000
10 000 000
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2011 2012 2013 2014 2015 2016 2017 2018
m Other plant protection products m Plant growth regulators
Molluscicides m Insecticides and acaricides
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Figure 3. Pesticide sales in (a) France, (b) Spain, (c) Italy and (d) Germany between 2011 and
2018 for different pesticide groups
Source: Eurostat
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Figure 3(b). Pesticide sales in Spain (kg active
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Figure 3(c). Pesticide sales in Italy (kg active ingredient)
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Figure 3(d). Pesticide sales in Germany (kg active
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While Figure 1 shows a marginal overall decline (below 4 %) in total EU pesticide sales (kg active
ingredients) between 2011and 2018, the EU total does not reflect more significantincreases and
decreases inindividual Member States over the same period.

Figure 4 shows the percentage change from 2011 to 2018 in pesticide sales for some individual
Member States (plus Norway), for which there was a complete dataset in Eurostat.

The greatest increase in sales occurred in Cyprus (+94 %), followed by Austria (+53 %), France
(+39 %) and Slovakia (+38 %).

The greatest decrease was in Portugal (-43 %), followed by Denmark (-42 %), Ireland (-28 %),
Czechia (-27 %), Norway (-25 %), Italy (-23 %) and Sweden (-22 %).

Percentage change in pesticide sales from 2011-2018 in some
100 EU/EFTA States
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Figure 4. Percentage change in pesticide sales from 2011-2018. Data shown for EU Member

States (plus Norway) for which complete datasets were available
Source: Eurostat

2.2.2. Harmonised Risk Indicators

There is a need for better data on pesticide use (expressed as kg active ingredients per ha).
However, simply looking at the amount of pesticidesused does nottake intoaccount the potency
of different pesticides. For active ingredients such as microorganisms, measuring the kg of active
ingredients used is not appropriate. Instead, it is necessary to agree conversion factorsat EU level.

Directive 2009/128/EC (the Sustainable Use Directive, or SUD) established the concept of
Harmonised Risk Indicators (HRIs). HRIs enable monitoring of thereductionin risks and adverse
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impacts of pesticides used for human health and the environment. Two EU HRIs are currently
available:HRI1 and HRI 2.

The European Commission website® explains how the two HRIs are calculated:

“Harmonised Risk Indicator 1 is calculated ‘by multiplying the quantities of active substances
placed on the market in plant protection products by a weighting factor.

For practical purposes, active substances are grouped into four categories in line with Regulation
(EC) No 1107/2009. The weightings applied to each category are intended to reflect policy on the use
of pesticides and to support the goal of the Sustainable Use Directive to reduce the risk and impact
of pesticide use and promote alternative approaches or techniques.

A baseline of the average of three years 2011-2013 is used as the starting point against which
subsequent values are compared.”

Harmonised risk indicator 1 shows a 20 % reduction in the risk to human health and the
environment from pesticides in the period 2011-2017.

“Harmonised Risk Indicator 2 is calculated by multiplying the number of emergency
authorisations granted by Member States under Article 53 of Regulation (EC) No 1107/2009 by a
weighting factor. As with Harmonised Risk Indicator 1, active substances are grouped into four
categories, and weightings applied to each category. A baseline of the average of three years 2011-
2013 isused as the starting point against which subsequent values are compared.

Emergency authorisations are granted for a wide range of reasons, including emerging plant health
issues and minor uses, as defined by Article 3(26) of Regulation (EC) No 1107/2009. Up to this point,
Member States have not recorded the scale of individual emergency authorisations (for example, the
number of hectares treated), or the quantities of PPPs used under these authorisations. Therefore, it
has not been possible to establish a more sophisticated indicator to reflect the risks associated with
these authorisations. “

Harmonised Risk Indicator 2 increased by 50 % in the period from 2011 to 2017. This is an
unwanted situation for manystakeholders.

It seems possible that theapparent anomaly shown by the differentdirections of the trends of HRI
1 and HRI 2 may be due to obstacles in implementing Regulations (EC) 1107/2009 and (EC)
396/2005. A Study supporting the REFIT Evaluation of the EU legislation on plant protection
products and pesticides residues (Ecorys, 2018) observes thatobstacles created by thelegislation
mean that “MS increasingly resort to emergency authorisations to make products available to
farmers.” Commission Staff Working Document COM (2020) 208 Final reports a similar
observation. See Section 5.2.1 for more information.

Farmers and PPPs industry have to deal with uncertainty for the market placement of the
substances. According to Buckwell et al., 2020 “the public might be reassured by the decline of
HRI 1 but be concerned about the potential risk indicated by HRI2".

6 https://ec.europa.eu/food/plant/pesticides/sustainable _use pesticides/harmonised-risk-indicators/trends-hri-eu_en
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Figure 5shows thetrends for HR 1and HR 2 over the period 2011-2017.

Harmonised Risk Indicators, EU 28, 2011-2017
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Figure 5. Trends in Harmonised Risk Indicator 1 and Harmonised Risk Indicator 2 for the EU-28

from 2011-2017

Source: https://ec.europa.eu/food/plant/pesticides/sustainable use pesticides/harmonised-risk-

indicators/trends-hri-eu_en

All countries are obliged to gather data on HRI 1 and HRI 2 and need to make these publicly
available. The four countries thataccountfor two-thirds of the pesticide salesinthe EU and 51 %
of the EU agricultural area (Germany, France, ltaly and Spain), have publishedtheir HRI 1and HR1 2
data for the period 2011-2017. The HRI 1 and HRI 2 for these countries are shown in Figures 6

and7.
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Figures 6and 7. Trend for Harmonised Risk Indicator 1 (Figure 6),and Trend for Harmonised Risk
Indicator 2 (Figure 7) for Germany 7, France8, Italy9 and Spain 10from 2011 to 2017

2.2.3. Data on the use of PPPs

There is a lack of publicly available information on the extent of the use of PPPs in the European
Union. Reliable data on theintensity of use per crop are lacking and harmonised comparable data
are needed.

In April 2019, Eurostatpublished a research paperfocused on the statistics on “agricultural use of
pesticides in Europe and outlining a potential methodology for harmonisation for data
collection”™. The paper presented preliminary data on the use of active substances on winter
wheat, potatoes,apples, and olives for the period 2010-2014. The data was provided by Member
States on avoluntarybasis to aid the methodological approach.

The major findings of the research paper are reported in the paragraphs below. These give an
indication of the dependency of these crops on the major pesticide groups. The findings are
summarisedin Table 2.

Common winter wheat and spelt

PPP use for the cultivation of common winter wheat and spelt was surveyed by 16 EU Member
States. The number of active substances reported as used in individual MS ranged from30to 171.
This does not mean that this number was usedin one crop.

Use of the major pesticide groups ‘Fungicides and bactericides’, ‘Herbicides, haulm destructors
and moss killers’, and ‘Insecticides and acaricides’ were reported fromall countries.The reported
kg of active substanceswas the highestfor ‘Herbicides, haulm destructors and moss killers’, closely
followed by ‘Fungicides and bactericides’. Use of ‘Plant growth regulators’'was reported from 15
countries.

Potatoes

Twenty-three MSreportedthe numberand kg of active substancesused in growing potatoes.The
number of active substances ranged from 22 to 128 (again, this does not mean that this number
was used in one crop). ‘Fungicides and bactericides’ was the most used group on potatoes,
followed by ‘Herbicides, haulm destructorsand mosskillers’, and ‘Insecticides and acaricides’. Use
of ‘Plant growth regulators’ was reportedfrom 12 countries.

Apples

PPP use for growing apples was surveyed by 18 MS. The number of active substancesreported by
individual MS for usein apple cultivation ranged from 9to 164. Use of the major pesticide groups
‘Fungicides and bactericides’, "Herbicides, haulm destructors and moss killers’, and ‘Insecticides
and acaricides’ were reported fromall MS. Use of ‘Plant growth regulators’ was reported from 11

7 https://www.bvl.bund.de/DE/Arbeitsbereiche/04 Pflanzenschutzmittel/01_Aufgaben/02 ZulassungPSM/05 Harmonis
ierteRisikoindikatoren/psm_HRI _node.html

8 https://agriculture.gouv.fr/reduction-des-pesticides-les-indicateurs-de-risque-harmonises-etablis-au-niveau-europeen

9 https://indicatori-pan-fitosanitari.isprambiente.it/node/19

10 https://www.mapa.gob.es/es/agricultura/temas/sanidad-vegetal/productos-fitosanitarios/uso-sostenible-de-
productos-fitosanitarios/

Mhttps://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+pesticides+in+the+EU/fd
403698-259e-4027-92d1-a2be4b0acbac
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MS. ‘Fungicides and bactericides’ accountedfor the mostkg of active substancesusedon apples,
followed by ‘Insecticides and acaricides’.

Olives

‘Olives’ or ‘Table olives’ were surveyed by 7 countries; 5 reported data on Olives, and 2 on Table
olives. The latter is a sub-category of Olives in crop statistics. The number of active substances
reportedly used in the countries relatedto olive cultivation ranged from8to 57. Use of the major
pesticide groups ‘Fungicides and bactericides’, ‘Herbicides, haulm destructors and moss killers’
and ‘Insecticides and acaricides’ were reportedfrom all countries.

Table 2 Dependency of selected crops on the major pesticide groups

Crops Cereals Potatoes Apples Olives
Groups

Fungicides and bactericides

Herbicides, haulm
destructors & moss killers

Insecticides and acaricides

Plant Growth regulators

Molluscicides

Other plant protections
products

Source: Eurostat'% Eurostat data are preliminary, based on voluntary provision of data by a limited number

of Member States. Methodology is under development.
Red = high dependency | Orange = intermediate dependency | Green = limited dependency.

2.3. Alternative cultivars of arable crops

The major arable cropsin the EU include cereals, oil seeds, green maize and potatoes. Othermajor
arable crops are beans, peas, sugar beet, lucerne, soya and pulses. The areas of various arable
crops grown in the EU North, Centraland Southzones™are shown in Annex 1.

For cereals, oil seeds, maize and potatoes, analyses of possible alternativecrops and cultivars that
areless vulnerable to pests and diseases are presented in the following sections:

2.3.1. Cereals

Major cereal crops in the EU include wheat and spelt, barley, oats, triticale, grain maize and corn-
cob mix, andrye.Figure 1 (Section 2.2) showed that ‘Fungicidesand bactericides’, and ‘Herbicides,
haulm destructors and moss Kkillers’ were the major groups of PPPs (in terms of kg active
ingredients) sold in the EU (Figure 1).

2https://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+ pesticides+in
+the+EU/fd403698-259e-4027-92d1-a2be4b0acbac

3 See Annex 1 for details of the EU geographic zones used the assessment of main crops and crop protection strategies

22


https://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+pesticides+in+the+EU/fd403698-259e-4027-92d1-a2be4b0acbac
https://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+pesticides+in+the+EU/fd403698-259e-4027-92d1-a2be4b0acbac

The future of crop protection in Europe

The pesticide groups most used on winter wheat and spelt are ‘Herbicides, haulm destructorsand
moss Kkillers’, closely followed by ‘Fungicides and bactericides’ . Although comprehensive
harmonised statistical data on the use of pesticides on specific crops is lacking, these findings
indicate a dependency of cereal crops on these two pesticide groups.

The genetic resources for cereal crops used across Europe vary to a great extent as very few
cultivars are grown in more than one MS (EuroWheat, 2020). All MS have an extensive cultivar
testing system, but the way of ranking resistance characteristics is quite different across MS.

Data from cultivar testing hasshown that, under high disease pressure, even the most resistant
cultivars often give profitable yield responses from fungicide treatment. This indicates that the
resistance genes, although they help alot, rarely coverall potential disease-causingpathogens at
the sametime, and their effectivenessis often seen to change gradually overtime.

With respect to yellow and brown rust, it is well known that resistant cultivars can completely
eliminate therisk from these diseases.But this is not seen to the same extent with diseases such as
powdery mildew, Septoria leaf blotch, tan spot and Fusarium head blight, where often only
moderate levels of resistance are seen (EuroWheat, 2020).

In terms of yield loss and grain quality, Septoria leaf blotch, brown rust, take-alland Fusariumhead
blight are considered the most important diseasesin the main wheat growing countries. Yellow
rust, powdery mildew, tan spot and eyespot are also important, but their distribution is much
more regional (Jargensen et al., 2008).

Wheat cultivars vary in their crop architecture, which can substantially affect crop/weed
interactions (Andrew et al., 2015). Fast growing, or early canopy-forming, cultivars are less
susceptible to weed competition (Hansen et al., 2008, McDonald et al., 2010), and taller wheat
cultivars are more competitive (Christensen, 1995). Unfortunately, the potential yield of these
cultivars under weed free environments is lower than of less competitive dwarf wheat cultivars
under wheat-free environments.

When herbicides are available and weeds are controlled this is not a problem. However when
herbicides are no longer available or less effective due to herbicide resistance, more competitive
winter or spring crops need to be developed (Moss, 2017).

An alternative to current wheat varieties is to grow variety mixtures. During the 1980-1990s,
research focused on cereal mixtures as a way to reduce the impact of fungal diseases, such as
powdery mildew. German research reporteda possible fungicide reduction of 80%as a result of
using spring barley mixturesinstead of monocultures (Wolfe et al, 1992).

A laboratory-based study by Schoffner and Tooker (2013) showed that genotypic diversity in
wheat (Triticum aestivum L.) reduced aphid (Rhopalosiphum padi L.) population growth. Increasing
genotypic diversity, however, does not always outperform monocultures in aphid suppression
(Mansion-Vaquié et al. 2019; Grettenbergerand Tooker, 2016) and mostlikely depends on which
varieties are combined, as shownin a detailed study by Dahlin et al. (2018).

"“https://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+pesticides+in+the+EU/fd
403698-259e-4027-92d1-a2be4b0acbac
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Grettenbergerand Tooker (2016) observed, fromlaboratory and greenhouse experiments, that
control of aphid populations was better in mixturescompared to monocultures, but found that
lady beetles were significantly attracted to mixturescompared to monocultures.

Field experiments by Mansion-Vaquié et al. (2019) showed that combiningintra andinterspecific
diversity did not outperform each individual practice in reducing aphid populations. Taken
separately, intercropping tended to have lower aphid infestation, while it was intermediate in
cultivar mixtures.

A detailed study on the mechanism of aphid response to mixtures of varieties (Dahlin et al., 2018)
showed that populations decreased most in a mixture where both cultivars showed a reduced
aphid-plant acceptance after reciprocal volatile exposure in the laboratory, and this reduced
population growth compared to monoculturesin thefield.

A meta-analysis by Kiaer et al. (2009) indicated that mixing is beneficial when the mixed varieties
show: different grain yields; complementarity in disease resistance; and diversity in weed
suppressiveness. In general, the use of cereal mixtures increases disease and weed control and,
therefore, yield.Borg et al. (2018) found, in their meta-analysis, a 3.9 % increasein yield from wheat
cultivar mixtures compared to single varieties.

2.3.1. Oilseeds

Major oilseed crops in the EU include winter and spring rape seed, sunflower, soyaand turnip rape
seed.

Insect pests are one of the biggest challenges for growingoilseed rape. No insect-resistantoilseed
rape cultivaris currently available on the market.Hervé (2017) reviewed the constraintsthatmake
phenotyping forinsect resistance particularly challenging with oilseed rape.

Black leg disease (Phoma stem canker) caused by the fungus Leptosphaeria maculans is a major
cause of yield loss in oilseed rape vusslide (Fitt et al., 2006). The interaction between L. maculans
and rape seed is a typical gene for gene relationship, which means resistance in the plant can
easily be overcome by the pathogen.Aubertotet al. (2006) lists disease management strategies
that can minimise the risk of resistance being overcome. Rotations with other crops, stubble
removal and tillage all decrease incidence of blackleg through reduced exposure to inoculum.
Separation of rape seed crops from stubble sources by at least 500 metres is recommended in
Australia; beyond that distance the amount of inoculum does not cause enough disease to
depress yield significantly (Marcroft et al., 2004).

Oneofthereasons why rape seedis vulnerable to pests and diseasesis becauseitisgrown in the
same area year after year. Diversification of oilseed production by replacing rape seed different
oilseed species may be a strategy to reduce pestand diseaseincidence.

The majority of plant-derived oils (approximately 80 %) are used for food products and
approximately 14 % are used for industrial products, such as surfactants, plasticisers, chemicals,
andfuels (Zanettietal. 2013).

The functionality of plant-derived oils for industry depends on the type of fatty acids that they

contain.In an analysis of the suitability of twenty-four promising oilseed cropsin Europe, Zanetti
and colleagues (2013) identified Ethiopian mustard (Brassica carinata L.), brown mustard (B.
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juncea L.) and crambe (Crambe abyssinica Cranz) as mature oilseed crops for large-scale cultivation
and commercialisationin the EU South zone, in view of their considerable drought resistance and
low cold tolerance.

Cultivation in more continental areas would be possible only by adopting spring sowing, which
seems feasible for the north Mediterranean area.

In view of their remarkable cold tolerance and winter hardiness, it seems likely that camelina
(Camelina sativa L.) and meadowfoam (Limnanthes alba L.) could be grown in continental regions.
The north Mediterranean Basin also appears a suitable area for camelina.

Forall EU geographiczones, flax (Linum usitatissimum) could be an alternative oilseed.

Coriander (Coriandrum sativum L.), cardoon (Cynara cardunculus L.), safflower (Carthamus tinctorius
L.), hemp (Cannabis sativa L.), and castor bean (Ricinus communis L.), are cultivated worldwide. Re-
introducing these crops in Europe would increase the number of oilseed crops cultivated and
diversify oilseed crops in Europe (Zanettiet al. 2013). Cardoon and safflower have high potential
for (re-) introductionin the South zone.

2.3.2. Maize

In the North zone, maize is mainly grown for silage (green maize can yield 47.1t/ha), while in the
Centraland South zones, grain maize is the predominanttype (grain maize and corn-cob-mix can
yield 8.0 and 8.8 t/hain the Centraland South zones respectively).Othertypesof maize cropping
include seed maize, sweet maize and maize for agro-fuel or gas. Most grain maize is used for
animalfeed, and theremainder is used for human consumption as oil, starchor flour.

Weeds and insects are the major agents affecting maize.Maize is very susceptible to competition
from weeds in its early growth stages (Dewar 2009). Over 50 weed taxa are noted as being
important in European maize production. Some speciescause problems in allEuropean countries
(e.g. Echinochloa crus-galli, Setaria viridis and Chenopodium album) while the majority of species are
specific to certain regions (Meissle et al. 2010). According to Meissle et al 2010 weeds are
controlled with herbicides on more than 90 % of the maize production areain allEU zones.

The most important arthropod pest of maize in Europe is the European corn borer, Ostrinia
nubilalis. In infested areas, O. nubilalis occurs in most fields —ranging from 20%in Hungary to 60 %
in Spain - and estimated yield losses of 5-30 % are typical in the absence of control measures
(Meissle et al. 2010). In France and Spain, the Mediterranean corn borer Sesamia nonagrioides
causes additionaleconomicdamage. Economiclosses are caused by these corn boring pests in 2-4
million ha of maize grown in Europe (Brookes 2009).

Wireworms (Agriotes spp.) are another major pest in most European countries. A range of other
pests haveregionalssignificance.

Before the European ban on neonicotinoids,seeds were treated with insecticidesinall EU zones.
Soil application and on-plant spraying are other practices to controlinsect pests. The proportion of
land where these measuresare applied varies betweenregions (Meissle et al. 2010).

Of the fungal diseases, Fusarium spp. causing ear, stalk and root rot are the most economically

significant diseases in most European regions (Meissle et al. 2010). The mostdominant Fusarium
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species causing both stalk and ear rot is F. graminearum, followed by F. verticillioides, F.
proliferatum, and F. culmorum, depending on different climatic conditions. One major problem
with Fusarium spp. is the production of mycotoxins, which contaminate both human food and
animalfeed.

Other important fungal diseases in Europe are root and stalk rot caused by Pythium spp.,
Rhizoctonia spp., and Acremonium spp. Some other fungal diseases cause problems in certain
regions (Meissle et al. 2010). More than 95 % of maize seeds are treated with fungicides (Meissle et
al. 2010). Foliar sprays againstfungal diseases are notused, with the exception of seed production
in South-west France (Meissle et al.2010).

Maize hybrids currently grown in Europe are predominantly derived from traditionally bred
germplasm, developed to maximize yield according to their suitability to local environmental
conditions in each country. Breeding efforts have also been successfulin developing high-yielding
maize hybrids that are resistant to stalk rot diseases (i.e. Fusarium spp.), and producing inbred lines
with elevated resistance to European corn borer (Ostrinia nubilalis) (Vasileiadis et al.,2011).

There arereports of hostplant resistance to insect pests. Crops of mixed maize varieties have been
found to have reduced densities of the corn leafthopper (Dalbulus maidis) than would be expected
from averaging the leafhopper populationdensitiesin monocultures of each component variety
(Power 1988). Furthermore, the Endure network (which focusses on maize-based cropping systems
in Europe) identified that cultivars with increasedrooting capacity andconsequentreduced yield
loss due to damage by Western Corn Rootworm larvae (Diabrotica virgifera virgifera) may be
consideredin future breeding programmes (Vasileiadis et al., 2011).

The cultivation of genetically modified, herbicide-tolerant crops can in theory contribute to the
reduction of herbicide use. These crops would makeherbicide application at the most susceptible
weed growth stage possible and would make additional herbicide treatments in this or other
crops redundant. However,adoption of this technology poses arisk for resistance developmentin
weeds when herbicidal modes of actions are not alternated or combined with non- chemical
methods. Worldwide, 38 weed species have been reported as having developed resistance to
glyphosate (Heap and Duke, 2018).

In Europe, Bt maize (genetically modified maize, producing insecticidal Cry proteinsderived from
Bacillus thuringiensis (Bt)) is available since 1998. Bt maize varieties (expressingthe Bt Cry 1Abtoxin)
was grown in four EU countries in 2016, with the majority sown in Spain (94.7%) (Camargo et
al.,2018). Bt maize varieties are grown to withstand the pests Sesamia nonagrioides Lefébvre
(Lepidoptera: Noctuidae) and Ostrinia nubilalis Hibner (Lepidoptera: Crambidae).In 2010 Meissle
reported a that insecticides were no longer neededagainst these pestsdue to the high efficacy of
the Bt maize. More recently, a meta-analysis on the development of insect resistance to Bt crops
indicates that resistance is developing and increasing, although most target pests are still
susceptible (Tabashniket al., 2014).In Spain, a resistance allele has been detected, indicating that
it will be a matter of time before resistance of Bt maize will be broken (Camargoetal., 2018).

Sorghum is being considered as an addition to the grass-maize rotation for animal feed. Sorghum
is similar to maize in its cultivation, but is less water dependent and moreresistant to pests and
diseases. Although somewhat inferior in forage yield and quality to maize when growing
conditions are optimum, sorghum has potential for areas of low precipitation or limitedirrigation
water supply (Getachewetal.,, 2016).
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In Europe, sorghum is mainly produced in France, Italy, Hungary, Romania and to a lesser extentin
Spain, Bulgaria and Greece. Sorghum needsa higher temperatureto startgrowingthan maizeand
may not perform wellin regions with colder temperatures and shorter growing seasons.

There are two types of sorghum: Sorgum sudanese and Sorgum bicolour. The latteris grown for its
seeds, which have a comparable nutrient content as maize but a lower overall yield. Sorgum
sudanese is grown for its structure and may outperform maize in yield but has alower nutritional
value. The full potential of sorghum for animal feed has not been realised yet and several
European and nationalinitiativesare tryingto improve this .

Thereis a lack of information on the feeding value of sorghum silage in the diets of high-yielding
dairy cows in controlled studies that measure production performance. Until data becomes
available, itis difficult to assess the true potential of sorghum silagesfor high-yieldingdairy cows
(Getachewetal.,, 2016).

Pulses and peas may also be considered as alternative crops to maize when human consumption
of animal protein is being replaced by plant proteins. The transitiontowards sustainable legume-
based farming systemsand agri-feed and food chainsinthe EU is assessed in therecent LegValue
project'e.

2.3.3. Potatoes

The averageyields of potatoesare 28.4t/hain the EU North zone, 30.3t/hain the Centralzone and
29.8 t/ha in the South zone. Pesticide sales data show (Section 2.2) that ‘Fungicides and
bactericides’, and ‘Herbicides, haulm destructors and mosskillers’ were the major groups (in terms
of kg activeingredients) sold in the EU for all crops (Figure 1, Section 2.2.1).

‘Fungicides and bactericides’ were reported as the most used major pesticide groups in potatoes;
closely followed by ‘Herbicides, haulm destructors and moss killers’, and ‘Insecticides and
acaricides’".

Although comprehensive harmonised statistical data on the useof PPPs per crop is lacking, these
findings indicate a dependency of potato cultivation on ‘Fungicides and bactericides’, ‘Herbicides,
haulm destructorsand mosskillers’and, to lesser extent, ‘Insecticides and acaricides'.

The most devastating potatodisease in Europeis ‘late blight’ caused by Phytophthora infestans. A
range of other diseases, such as common scab (Streptomyces scabies) and viruses, may also cause
problems. Of the pest insects, the Colorado potato beetle (Leptinotarsa decemlineata) and
peach-potato aphid (Myzus persicae) are the major problems.

Late blight and other fungal diseases are controlled by frequent applications of fungicides.Various
Phytophthora-resistance genes are present In the potato gene pool. However, breeding potatoesis
difficult because of their complexgeneticstructure (Schaart et al., 2016).

15 https://www.sorghum-id.com/en/sorghum-in-europe/#

16 http://www.legvalue.eu/

7 https://ec.europa.eu/eurostat/documents/749240/0/Statistics+on+the+agricultural+use+of+pesticides+in+the+EU/fd
403698-259e-4027-92d1-a2be4b0acbac
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In thefirst half of the twentieth century, breeding programmes concentrated on introducing major
genes for blight resistance, but thisapproach was largely abandoned fromthe 1960s, when it was
found that several R-genes were soon overcome individually by blight. Subsequent breeding
efforts have produced cultivars with substantial levels of race-nonspecificresistance (also known
as horizontal, partial, or field resistance). But the great majority of European potato production
comes from susceptible varieties. Choice of varietyis dictated by end users, who demand cultivars
with specific agronomic characters, and these are difficult to combine with blight resistance
(Cookeetal., 2011).

New breeding technologies like TALEN and CRISPR/Cas9 have been employed to generate
transgene-free products in a more precise, prompt andeffective way (Hameed et al., 2018). These
new gene-editing technologies offer a unique opportunity to edit plant susceptibility (S) genes for
their usein potato resistance to late blight. Plant S-genes are required by the pathogenfor disease
establishmentand theirimpairmentleads to loss of susceptibility. In potatoes, it has been shown
that modifying several S-genes results in complete resistance to different isolates of late blight
(Sunetal., 2016).

At Wageningen University & Research, cisgenesis has been applied for the introduction of a
combination of three different Phytophthora resistance genes originating from three different wild
potato relatives intoa commercial potato cultivar (Haverkort et al., 2016). Stacking of resistance
genes through cisgenesis is the most advanced technique at the moment for achieving
Phytophthora resistance in potatoes.

Stacking of R-genes is a potential strategy to achieve broad-spectrum and durable late blight
resistance. A naturalexampleis the potato cultivar Sarpo Mira, which contains a pyramid of at least
five different resistance genes for both complete race-specific resistance and partial resistance to
late blight (Rietman et al. 2012). Sarpo Mira is one of the few potato cultivars reported to retain
resistancein thefield for severalyears (Kim et al. 2012; White and Shaw 2010).

Commercialisation of cisgenic Phytophthora-resistant potato lines could be implemented in a
timeframe of 5-10 years, but has been halted by uncertainty regarding its regulation in the EU
(Schaartetal, 2016).

Stacking different resistance genesand using impaired S-genesin potatoesis being facilitated by
the innovative concept of breeding seed-propagated diploid potato cultivars (Lindhout et al.
2011). This concept is based on crossing self-compatible diploid homozygous inbredlines to make
a hybrid.Inthelastfewyears, increasing numbersof homozygousdiploid potatoinbred lines have
been developed. Initially, thefirst inbred lines were very weak, but gradually they have improved
through consistentbreeding, resulting in the first acceptable hybrid cultivars (Lindhoutet al. 2016;
De Vries etal. 2016).

Through marker-assistedselection, Su et al. (2019) were able to stack two Phytophthora resistance
genesin a single diploid variety that outperformeddiploid plants with only one of the resistance
genes. Furthermore, usingseed propagated diploid potato cultivars makes it possible to induce
mutations in potato S-genes using conventional mutagenesis. Diploid hybrids cannot yet
compete with tetraploid varietiesin yield but are very close (Stockem et al.,, 2020). Since breeding
of diploid plants can take place at a faster rate than tetraploid plants, it may not be long before
they have similar or better performance, especially for disease resistance.

28



The future of crop protection in Europe

Partial resistance in combination with fungicides can also slow down the development of late
blight. Many reports show that partial resistance in the foliage may be used to complement
fungicide applications to allow savings of fungicide by reduced application rates or extended
intervals between applications (Cookeet al., 2011).In western Europe, resistant cultivars are not
grown on alarge scale because commercially importantcharacteristics such as quality, yield and
earliness are usually not combined in the same cultivar with late blight resistance (Kessel et al.,
2018).

Usually, thefirst part of the growing season is characterised by low levels of blight. Early-maturing
cultivars, pre-sprouting the seed, and early planting can all be used to maximise crop growth
duringthelowrisk period.

Potato common scabis a widespread disease causingscab-like lesions on the tubers. The disease
is caused by pathogenic Streptomyces species. There is a wide range in tolerance levels between
potato varieties.”Many public research programmesare committed to breeding for scab-tolerant
varieties and are evaluatingmanagement methods” (Braunet al., 2017).

Virus resistance in potatoes has been engineered through different approaches, ranging from
simple plant breeding to advanced genetic engineering. Hameed et al. (2018) reported that
“Transgenic approaches to engineer virus resistance in potatoes seem to be more appropriate
than conventional breeding”.

Insects are a lesser problem in potatoesin Europe but geneticengineeringfor pestresistance has
led to some promising solutions in other partsof the world (Hameed et al. 2018).

2.4. Alternative cultivars of vegetable crops

Vegetable crops make up 1.9 % of the total cultivated area in the EU (Table 1, Section 2.1) although
this includes a large variety of different crops. Annex 1 shows the areas of the most important
vegetable crops grown in the EU North, Centraland South zones.

Major vegetable crops include strawberries, fresh peas, carrots, onions and cabbages. In the
Centraland South zones, tomatoesand freshbeans are majorvegetable crops.In the North zone,
beetrootis a major vegetable cropandin Central zone, asparagus isimportant. In the South, there
are many major vegetable crops, but cauliflower and broccolistand out.

2.4.1. Carrots

Averageyields of carrotsin Europeare:42.7 t/hainthe North zone; 45.0t/hain theCentral zone,
and;40.4 t/hainthe South zone.

Breeding resistant carrotsis the obviousway of controlling pestinsects without usinginsecticides.
The current approach is to find wild plants that are highly resistant to attack by a specific pest,
such as the cabbage root fly (Ellis et al., 1999), and to breed this resistance into cultivated crop
plants. This approach hasbeen successfulagainstthe carrot fly.

Crosses made between commercial carrot varieties and Daucus capillifolius, a resistant
wild Daucus species, produced highly resistant ‘carrot-like’ lines at the F;and F4stage, which were
then sold to four seed companies for further development.Prior to this sale, the levels of resistance
were being raised at Wellesbourne by about 1% per year, whereas the seed companiesraised the
levels from 60 to 75 % in less than 3 years (Finch and Collier, 2000).
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2.4.2. Onions

Averageyields ofonions in Europeare 24.9t/hain the North zone; 30.1t/hainthe Central zone,
and; 34.9 t/hain the South zone.

Major diseases and insect pestsattacking onions include Stemphyllium (Stemphylium vesicarium),
purple blotch (Alternaria porri), onion smut (Urocystis spp.), downy mildew (Peronospora
destructor), white rot (Sclerotium cepivorum); pink root (Pyrenochaeta terrestris); Fusarium basal rot
(Fusarium oxysporum f.sp. cepae); thrips (e.g. Thrips tabaci) and onion maggot pests.

The main plant parasiticnematodes in onions are Ditylenchus dipsaci and Pratylenchus penetrans.

Viruses affecting onionsare transmitted by Thrips tabaci. The main onesarelris yellow spot virus
(IYSV) - genus Tospovirus,and Onion yellow dwarf virus (OYDV) — genus Potyvirus.

Many of the storage diseases of onions (e.g. neck rot, bacterial rots) are controlled by planting
pathogen-free seed, applying chemicals, or properly curing and storing bulbs. When available,
geneticresistanceis the preferred methodof controlling diseases (Havey,2018).

Onion germplasm hasbeen reported to show resistance to purple blotch, downy mildew, Botrytis
neck rot, and white rot. Resistance to pink root is conditioned by a recessive gene (a loss-of-
function mutant in an S-gene) and has been incorporated into many commercial cultivars,
although variable performance overenvironments has been reported (Havey, 2018).

Cultivars showing resistance to Fusarium basal rot have been developed, conditioned either by a
single dominant gene or by a few loci showing dominance. Cultivars that are susceptible or
resistant to Fusarium basal rot can be differentiated using real-time qPCR (Sasakiet al. 2015).

A major success has been the introgression of downy mildew resistance from Allium roylei into
bulb onions (Scholten et al. 2007). This is the only example of successful introgression and
commercialisation in bulb onions of a disease resistance from a wild Allium (Havey, 2018).

Thrips resistance has been associated with plants with high amounts of leaf waxes and low
amounts of hentriacontanone-16, a ketone thatis the major componentof epicuticular waxes. It
should be possible to select onions with these traits (Havey, 2018). So far, there are no cultivars
resistant to IYS virus transmitted by Thrips tabaci, however some progress in this area is reported
by Kamal and Cramer (2018). No sources of resistance to onion maggots have been reported
(Havey, 2018).

2.4.3. Cabbages

Averageyields of cabbages in Europe are 32.9t/hain the North zone; 33.3 t/hain the Central zone,
and; 36.0 t/hainthe South zone).

Cabbages are affected by several fungal, bacterial and virus diseases and pest species. Most
problems are dealt with using plant protection products. Turnip mosaic virus (TuMV), however, is a
devastating virus threatening many economically important brassica crops, including cabbage.
TuMV disease, was first discovered in the United States but is now found worldwide, especially in
Europe, Asiaand North America.
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TuMV results in a yield loss of up to 70 % and has a wide host range, infecting most cruciferous
plants, as wellas many non-cruciferous species. This virusis also characterised by high pathotype
diversity because of its highly variable genome structure, and has been divided into 12
pathotypes. These characteristics, as well as its non-persistent transmissionmode by as manyas 89
aphid species, mean the disease is difficult to prevent through traditional methods, such as the
application of chemicals, prompting researchersto seek host resistance for effective control (Li et
al. 2019).

Resistance to fungaland bacterial diseases has been noticed in certain varieties against cabbage
yellows (Fusarium oxysporum f.sp. conglutinans), black rot (Xanthomonas campestris), Sclerotinia rot,
Rhizoctonia solani, downy mildew, black rot and soft rot (Erwinia carotovora). Red cabbage is
resistant to caterpillars (Pieris brasssicae) but susceptible to aphids (Brevicoryne brassicae) and vice
versa for green and white cabbage. The hybrid KCH-5 is tolerant to both aphids and caterpillars
(Dhall, 2015).

2.4.4. Tomatoes

Tomatoes can be produced in open fields or under shelter. The majority of tomatoes produced in
the EU are grown in open fields. Most literature about crop protection strategies, however, is
focussed on protected cultivation of tomatoes.

Major problems in tomatoes are caused by insect pests, insect-transmitted viruses and fungal
diseases. Whiteflies and whitefly-transmitted viruses — causing Tomato yellow leaf curl disease
(TYLCD) and Tomato spotted wilt virus (TSWV) - are transmitted by the thrip Frankliniella
occidentalis. These insect pests, viruses and fungal diseases cause severe damage in European
tomato-growing areas (Arno et al. 2009).

Since its introduction in the Mediterranean Basin in 2006, the tomato leafminer, Tuta absoluta
(Meyrick) (Lepidoptera: Gelichiidae) has become a serious pest. Larvae of T. absoluta penetrate
leaves, aerial fruits or stems, on which they feed and develop. This creates conspicuous mines
which may be invaded later by secondary pathogens, leading to fruit rot (EPPO, 2005), which
reduces crop value (Balzan et al. 2012). Tomato powdery mildew (Pseudoidium neolycopersici (syn.
Oidium neolycopersici)) is one of the most devastating fungal diseases of cultivated tomatoes
worldwide (Lebeda et al., 2017).

Cultivars are available that provide some level of tolerance to the two virus diseases, TYCLD and
TSWV. Most commercial cultivarstolerant to TYLCD have the Ty-1gene (Verlaanet al. 2013). The
best available cultivars and breeding lines show tolerance ratherthan resistance to the virus (Arné
etal., 2009).

Tomato cultivars resistant to TSWV have been obtained through the use of the single viral
resistance gene Sw-5 (Arné et al., 2009). For T. absoluta, no commercially available cultivars are
available but the development of resistant cultivarsis in progress (Biondietal., 2018).

For powdery mildew, tomato genes conferring partial and complete resistance have been
identified, including the Ol-1, ol-2 (mutant of the Mlo S- gene) and OI-4 gene (Bai et al., 2005; 2008).
These genes have been used in breeding tomato cultivars with partial or complete resistance to
Oidium neolycopersici.
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2.5. Alternative varieties of fruits, berriesand nuts

Fruits, berries and nutsmakeup 3 % of the total cultivated area in the EU (Table 1, Section 2.1). The
areas of the various cropsgrown in the EU North, Central and Southzones are shown in Annex 1.

Apples are the most cultivated fruit crop in all EU zones. Other major fruits include: currants,
raspberries and pears in the North zone; plums and cherries in the Central zone; and oranges,
peaches and cherries in the South zone.

Nuts are grown predominantly in the South zone with the area of almonds far exceeding the total
area of all other nuts grown in the EU. Other important nut crops are chestnuts, hazelnuts and
walnuts.

2.5.1. Apples

Apples are produced for fresh consumptionand for processing.The quality standard for processed
applesis lower than for fresh consumption. Indicative Eurostatdata (see Section 2.2) shows that
the ‘Fungicides and bactericides’ pesticide group was the most used (in terms of kg of active
substance) used on apples, followed by ‘Insecticides and acaricides’.

Arthropod pests, several serious diseasesand high cosmetic standardsfor freshfruit (e.g. no spots)
present major challengesfor alternative methods of pest controlin apples. As aresult, most pest
managementprogrammes continueto rely heavily on conventional insecticides and fungicides -
in most cases, theseare the principal pest and disease control methods in fruit orchards (Damoset
al. 2015).

Breeding for pest and disease resistance is one means to reduce reliance on pesticides, butdespite
many efforts, the adoption of resistant varieties is low. For example, scab is a fungal disease caused
by Venturia inaequalis which results in black spots on apples, making them visually unattractive;
controlling scab is a major concern for the apple industry worldwide.

Breeding programmes may succeed in developing apple varietiesthatareresistant to diseases,
but their acceptance by consumers will depend principally on taste and appearance. Consumer
rejection is the most likely explanation for the failure of more than 200 scab-resistant cultivars
released in recent years to develop satisfactory sales (Sansavini et al., 2004).

Developments in molecular techniques for breeding have greatly accelerated breeding
programmes (Evans and Peace 2017; Troggio et al., 2012; Sansavini et al., 2004). Markers for
specific loci of resistance genes alreadyidentify the presence of resistance genesin the seedling
stage. Markers to identify resistance genes are available for scab, powdery mildew, fire blight,
aphids, Alternaria bloth (Evans and Peace, 2017). Also, induced early flowering techniques
(described in Section 3.2) have greatly advanced apple breeding programmes.

2.5.2. Blueberries (Vaccinium spp.)

In Europe the main cultivated blueberry species and hybrids belong to the highbush blueberry
Vaccinum corymbosum. The crop is relatively new in many regions of Europe. It is therefore of
interest as specific pests and diseases are often not present, but may become established after
severalyears of cultivation.
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A number of major diseases and pests of blueberries have already beenintroduced intothe EU in
recent years. Some still have a limited distribution (fewer than three countries) and it may be
necessary to considerhowto limit their furtherspread (Suffertetal., 2018). They include: Blueberry
red ringspot virus (Caulimoviridae: soymovirus); Blueberry shoestring virus (sobemovirus),
Calonectria colhounii (Ascomycota); Ceroplastes cirripediformis (Hemiptera: Coccidae); Colletotrichum
karstii  (Ascomycota); Diaspidiotus ancylus (Hemiptera: Diaspididae); Epiphyas postvittana
(Lepidoptera: Tortricidae); Gloeosporium minus (Ascomycota); Neopestalotiopsis clavispora
(Ascomycota); Oligonychus ilicis (Acarida: Tetranychidae); Prodiplosis vaccinii (Diptera:
Cecidomyiidae); Pseudococcus maritimus (Hemiptera: Pseudococcidae), and; Zaprionus indianus
(Diptera: Drosophilidae) (Suffert etal.,2018).

Botrytis cinerea (Botrytis blossom blight) and Monilinia vaccinii-corymbosi (Mummy berry disease)
arethetwo mostimportant pathogens affectinghighbush blueberry fruits. Outbreaks of botrytis
blossom blight occur occasionally, but they can be very destructive. Recently models for
predicting ascospore release of Monilinia vaccinii-corymbosi have been developed to optimize
fungicide use, however, these should be tested and validated for Europeanconditions (Harteveld
etal., 2017).

Blueberry anthracnose (caused by Colletotrichum acutatum) can affect the post-harvest fruit
quality of highbush blueberries. Plants are susceptible to infection not only duringthe blooming
period, but at all stages of fruit development (bloom to ripe berry). Once the pathogen has
become established in a new growing area, it can be highly destructive.

Root rot diseases caused by Armillaria mellea and Phytophthora cinnamomi affect blueberry crops
when the fungi are present in the soil, and environmental conditions are favourable for disease
development. Avoiding the establishment of pathogen populations in the soil and careful site
selection are key factors for the prevention of these diseases.Particular care must be takenif a new
crop is planted on ground previously covered by forest, as pathogen species may be present
(Prodoruttiet al. 2006).

In European regionswhere highbush blueberryhas been recently introduced, thereare generally
few infestations of insect pests that seriously affect the crop (Prodorutti et al. 2007). Specific
examples are otiorhynchid weevils (Otiorhynchus spp.) that damage roots,and noctuid moths (e.g.
Operophtera brumata, Conistra vaccinii and Eupsilia transversa) which feed on foliage and flower
clusters, and some species of scale insects and aphids.

All of these insect pests were introduced into blueberry fields from nearby crops and plants.
Advanced biological techniques are currently applied in commercial fields against weevil larvae.
Nematodes (Heterorhabditis spp.) — which get into crops via irrigation systems — infect and Kkill
otiorhynchid weevils in the soil. At the present time, thisis the only effective method available, as
chemical control has proven unsuccessful against Otiorhynchus weevils in highbush blueberry
(Prodoruttiet al. 2007).

In general, it seems that disease management in highbush blueberry crops in new cultivation
areas should requireonly limited use of pesticides.

Disease resistance or tolerance is an important aspect in breeding programmes and the

development of commercial biocontrol agents can help in areas where diseases are already
established.
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It is important to mention the spotted wing drosophila (SWD), Drosophila suzukii, an invasive pest
threatening the European blueberry industry. It causesdirect injury to healthyfruit by ovipositing
eggs under the fruit skin, where larvae develop. Sustainable control strategies (such as netting of
plantations, attract-and-kill) need to be developed.

2.5.3. Black currant (Ribes nigrum)

TheEuropean black currantis a deciduous shrub native to northernEuropeand north and central
Asia. Profitability of black currant production has declined in many European countries dueto low
retail prices.

Black currants can be affected by mildew and leaf spotting diseasescommon to goosebetrries and
red currants, but these problems may be largely avoided by suitable choice of cultivar and site,
andif the bushes are pruned to encourage good air circulation.

In a number of countries, plant protection problems have increased as a consequence of a
decrease in pest management due to low market prices and a lack of non-chemical control
methods in organicgrowing.

Effective acaricides against black currant gall mites (Cecidophyopsis ribis and C. spicata) and a free-
living gall mite (Anthocoptes ribis) are not available. Healthy mother plant stocks produced using
hot water treatment and strict hygieneare essential to guarantee freedomfrom gall mites when
plants leave the nursery. In organic production fields, enhancement of endemic predatory mites
may help control of free living gall mites.

One of the biggest problems encountered in commercial black currant plantations in the majority
of European countriesis arachnid gall mite (Cecidophyopsis ribis). Effective chemical agents, such as
endosulfan and amitraz, have been used. However, these products have been withdrawn fromuse
in the EU dueto environmentaland healthrisks. Increasing interest is being shownin integrated
and organic production systems. Plant protection sprays are now restricted to sulphursprays.

Powdery mildew is a common foliar problem caused by Podosphaera mors-uvae. The fungus
overwinters on shoot twigs;and during the spring and summerit infects leaves, shoots tips and
fruits. Control of mildew is dependent on the use of chemical sprays, but continued breeding for
durableresistancein black currantcultivarscould successfully limit the disease.

Septoria leaf spot (Mycosphaerella ribis) is an important disease of black currants in Scandinavia and
east European countries. The disease causes premature leaf fall, stunted growth in shoots and
reduced cropyield. Black currant leaf spot (Anthracnose) (Drepanopeziza ribis) occurs throughout
Europe, affecting the leaves and leading to premature defoliation in severe cases. The majority of
new black currant cultivarshave reasonable resistance to anthracnoseand screeningfor resistant
germplasm is routine in mostbreeding programmes.

2.6. Alternative varieties of grape and olive crops

Grapes and olives are mainly cultivated in the Centraland South zones. In the North, only 50 ha of
grapes are cultivated, which are entirely used to make wine. No olives are cultivated in North
Europe.
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2.6.1. Grapes

The majority of grape production is destined for wine, table use or raisins. Crop protection for
grapevines is mainly targeted against fungal diseases, which may require some 12-15 pesticide
applications per year; and insect pests, which require some 1-4 applications per year in wine
grapes and 8-10applications in table grapes (Pertot et al., 2017).

The grapevine diseases that account for the largest number of treatments in vineyards include
Plasmopara viticola (the causal agent of downy mildew), Erysiphe necator (the causal agent of
powdery mildew), and Botrytis cinerea (the causalagent of grey mould).

Spider mites and scales are among the majorinsect peststhatcause problems in grapevines. The
occurrence of new pests is another concern for European viticulturists. In the last 15 years, two
leafminers (Phyllocnistis vitegenella and Antispila oinophylla) and a leafhopper (Erasmoneura
vulnerata) have been detected in northern Italy. Recentfindings suggest thattheimpact of some
pests will increase with rising temperatures (Reineke and Thiéry, 2016).

Agronomic practices—such as reducing inoculum orimprovingthe microclimate of the plant - to
make conditions less favourable to pestsand diseasesare commonlyimplemented in most grape
growing areas. Resistant/tolerant varieties may provide a solution for reducing fungicide
treatments, but planting such hybrids in large areashas led to a decrease in wine quality (Topfer et
al.,2011).

A few breeding programmes in Europe crosshybrids with V. vinifera varieties to obtain resistant
varieties with traditional flavoursthat areliked by consumers. Breedingtechniqueshave evolved
radically over time (Topfer et al., 2011) and the new techniques (e.g. marker-assisted selection,
gene mapping, invitro culture, geneticengineering and pyramidising of resistance) havebecome
increasingly importantin recent years.

As aresult of these efforts, several new resistantvarietiesare —or will -soon become available
(Pertot et al., 2017). Resistance to downy mildew or powdery mildew has been described for
different varieties, as well as resistance and susceptibilityagainst B. cinerea (Alonso-Villaverde et al,
2008). Some varieties have been found to have an acceptable level of resistance against P.
ampelicida. Disease resistant wine grape varieties in Europe are listed in the supplementary
material of Pertot et al. (2017).

The currentapproach in resistance breeding is to pyramidise resistance genes of different origin
(e.g. from Vitis rotundifolia and V. amurensis) into a single genotype (Topfer et al., 2011) and to
cross them with V. vinifera. The aim is to obtain highly resistant genotypes as well as varieties
suitable for quality wine production. Resistantgenes againstB. cinerea are not yet known; however
the choice of less susceptible varieties or clones (hard skin,loose bunch, earlybearing,etc.) quite
often representsthe easiestand most effective solution againstgrey mould (Pertot et al., 2017).

2.6.2. Olives

A preliminary study by Eurostat (Section 2.2) indicates a strong dependency of olive cultivation on
the major pesticide groups ‘Fungicides and bactericides’, ‘Herbicides, haulm destructorsand moss
killers”and ‘Insecticides and acaricides’.

'8 www.bundessortenamt.de
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There are three main key olive pests: the olive fly (Bactrocera oleae); the olive moth (Prays oleae),
and; black scale (Saissetia oleae) (Homoptera: Coccidae).

Theolive fly is probably the main damagingolive pest in the Mediterranean region. Infestationcan
be severe enough toinduce 100 % fruit drop in years of lowyield.

Theolive mothis also widespread throughthe entire Mediterraneanregion and may cause severe
damage.

Black scale causes damage due to the secretion of very large amounts of honeydew, which is
colonised by sooty mould fungi, covering fruits and leaves by a thick black mass. As aresult leaves
drop, fruit may be reduced in quality, and twigs dry up.

Other secondary peststhatmay become key pestsare: the oleanderscale, Aspidiotus nerii; the two
olive scolytids, Hylesinus oleiperda and Phloeotribus scarabaeoides (Coleoptera: Scolytidae), and;the
olive pyralid moth, Euzophera pinguis (EIP-AGRI Focus Group, 2020b).

Diseases that may cause serious economic losses include the quarantine bacterium Xylella
fastidiosa, Verticillium wilt, and a complexof fungalleafand fruit diseases - mainly scab or peacock
spot caused by Fusicladium oleagineum, anthracnose due to Colletotrichum spp.,and cercosporiose
due to Pseudocercospora cladosporioides.

Xylella fastidiosa has emerged as a global threat for olive production and has been associatedwith
a noveland severediseasein olives called Olive Quick Decline Syndrome, which is spreading and
killing many olives in Apulia, southern Italy.

Verticillium wilt is the main soil borne fungal disease of olive that is caused by the vascularfungus
Verticillium dahlia. This is considered the most serious fungal disease and the main challenge for
olive growingin the Mediterranean region (EIP-AGRIFocus Group,2020b).

Most olive selection programmesrely on clonal selection; very few cultivarshave emerged from
formal breeding programmes (Doveri and Baldoni, 2007). Crossbreeding in olives was only
initiated in the second half of the twentieth centuryand currently representsthe most promising
strategy to provide farmers with new cultivars (Rallo et al., 2018). A successful example is the
cultivar Maalot, which is resistant to Spilocea oleagina (Doveriand Baldoni, 2007).

A difficulty in olive breeding is that the genetic diversityis not yet well organised accordingto the
gene pool concept. In addition, despite recent significant efforts, the knowledge on single-locus
traits and Quantitative trait loci (QTL) remains limited (Ruginiand De Pace, 2016).

2.7. Potential impact of alternative crops and cultivars

One possible technical solution to reduce the environmentalimpact of crop productionwould be
togrowcrops that are resistantor less susceptible to pests, diseases and weeds, thus allowing a
reduction in the current dependency on PPPs. The potential of alternative crops and cultivars
depends on two criticalissues, which are discussed below.
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Thefirst criticalissueis food security at EU and globallevels. The EU has a relatively low population
growth™ and a widespread over-consumption of carbohydrates, fats and protein. This is
accompanied by a level of food waste along the food chain of at least 20 %*°. Potentially, the EU
may be able to feed itself on a lower overalllevel of agricultural production.

Questions on matters such as the responsibility of the EU towards global food security;the impact
of EU policies on improving technology (such as new breeding techniques),and; the displacement
of the environmentalimpacts of agricultural productionfrom the EU to otherparts of the world
need to be addressed when considering thisissue.

The EU is a significant exporter of agri-food products. EU agri-food imports include a high
proportion of fruits and vegetables that are more difficult to grow under European climatic
conditions. One option maybe to change the EU food production systemto onethatisdriven by
the need for the EU to feed itself. This could have “a large impact on poverty, hunger and
malnutrition, and deforestation in other parts of the world, depending on the level of import
substitutionthatcould be achieved” (Buckwell et al., 2020).

The second critical issue concerns possible changesto the dietary habits of EU citizens. The typical
current diet for many EU citizens is associated with ilinesses such as diabetesand heart disease.
The EAT-Lancet report (EAT-Lancet Commission, 2018) states that “transformation of healthy diets
by 2050 will require substantial dietary shifts. A diet rich in plant-based foods and with fewer animal
source foods confers both improved health and environmental benefits”.

Current production patterns cannot be maintained (Poux&Aubert, 2018; IPES-Food, 2016). There
is a need to increase plant production and reduce the amount of land dedicated to animal
production systems. This should be realised through the development of new circular systems,
based on efficient varieties and sustainable crop protection. However, this also requires a major
paradigm shiftin society.

The implication at the global level is that consumption of food such as fruits, vegetables, nuts,
seeds and whole grains would need to double; and the intake of foods such as sugar and red meat
would need to reduce by 50 %. Over-consumption mainly takes place in wealthy places, such as
the EU (Willet et al. 2019).

At present, half of the total cultivated areain the EU is used for livestock production. This includes
50 % of the cereal area (European Commission, (2020)?"), plus all the grassland and grazing
(Section 2, Table 1). Adoption of the new dietary patterns proposed by Willet et al. (2019), and
embracement of the concept of the EU feeding itself, would have huge implications for
agriculturalland use and the crops grown.

A shift towards more vegetable, fruit and grain consumption could be expected. The production of
fruits, vegetables and nuts would need to increase wherever possible to meet dietary
requirementsand reduce the need for imports.

19 Eurostat https://ec.europa.eu/eurostat/statistics-explained/index.php?title=The EU in the world - population

20 FAO, 2011. Global food losses and food waste - Extent, causes and prevention. FAO, Rome, 37 p,
http://www.fao.org/3/a-i2697e.pdf

21 https://ec.europa.eu/info/food-farming-fisheries/farming/facts-and-figures/markets/overviews/market-
observatories/crops_en
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Providing the required range and volume of products with the necessary quality to meet the
demands of processors, retailers and consumerswould be a challenge. “Currently,food crops are
grown in operations that aim to ensure reliable harvests and the consistent supply of uniform,
disease and blemish-free produce. There is little tolerance for unreliable delivery or product
quality” (Buckwell et al., 2020). The use of PPPs currently providesthe whole chain with an efficient
toolfor delivering quality produce to consumers.

Undoubtedly new cultivars would play animportant role in moving to a more sustainable system
of vegetables and fruits production.

There is a good prospect that breeding programmes will succeed in developing vegetable and
fruit varieties that areresistant to diseasesand pests, which would and reduce the need for PPPs.

A good exampleis the presence of resistance genes to fungal diseasesin cabbage. For otherpest-
crop combinations (e.g.YS virus transmitted by Thrips tabaciin onion) no resistantcultivarscould
be developed or no source of resistance has been identified (onion maggot). There will be
nevertheless, prospect for the reduction of the dependence on agro chemicals when plant
breeding programs will (continue to) focus on the development of the majorpestsand diseasesin
the major vegetable crops.

As reported in Section 2.5.1., developments in molecular techniques have accelerated breeding
programmesin fruit crops. In addition, induced early flowering techniques (described in Section
3.2) havegreatly advancedapple breeding programmes.

One factor that may slow the development of new crop varieties is the desire to integrate a
number of traits into one variety. Consumer preferences have an influence in this respect as
breeders must integrate resistance traits with others responsible for look, feel and taste. This
applies particularly to fruit crops and can constrain the developmentof new varieties. In addition,
supply chain operators look for uniform products.

The potential of new crop varieties is therefore influenced by the demands of retailers, processors
and consumers,as wellas by the needs for sustainable production methods and food security.

Crop protection in both grapevines and apples is mainly targeted against fungal diseases and
insect pests. Resistant/tolerant varieties mayrepresenta solutionto reduce fungicide treatments,
but planting of such varieties in large areas in the past has led to a decrease in wine quality and
difficulties in marketing apples. At the moment, the choice of less susceptible grape varieties or
clones (hard skin, loose bunch, early bearing, etc.) quite often represents the easiest and most
effective solution against greymould.Resistance breeding aims at pyramidizing resistance genes
into a single genotype and cross them with V. vinifera in order to obtain both highly resistant
genotypes and varieties for quality wine production.

The occurrence of new pests is another concern for European growers.Increasing temperatures
may cause new pests, diseases and weeds to appear. One example is the detection of two
leafminers and a leafhopper in grapevinesin northern Italy within the last 15years. A high level of
care must be taken to avoid the introduction or establishment of new diseases. Strict
phytosanitary measures should be applied to plant material coming from infected areas, and
disease-free planting stocks should be used. The developmentof commercialbiocontrol agents
(see Section 3.3) can helpin areas where diseases are already established.
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Most long-standing olive selection programmes have relied on clonal selection, and very few
cultivars have emerged from formal breeding programmes. Crossbreeding in olives was only
initiated in the second half of the twentieth century; it now represents the most promising
strategy for providing growerswith new cultivars. A difficulty in olive breeding is that the available
geneticdiversity is not yet well organised accordingto the gene pool concept.

Production costs for farmers will, in general, not significantly increase when they grow new
cultivars. However, many fruit cropsand nutsare perennials, and these requirehigh investmentto
replace plantations of older cultivars with new ones.

Vegetables such as tomatoes, salads, herbs and some fruitsareincreasingly growninin protected
production systems, such asglass houses, poly tunnels or in vertical farming systems (using LED
lighting). Inthese systems, climate can be controlled, water losses and nutrient losses limited, and
biocontrol agents can be highly successful in reducing the dependence of growers on
agrochemical pesticides. The downsides of these systems are the high investment costs for
farmers,and the limited contributionto biodiversityand ecosystemfunctioning.

However, arable crops such as cereals and potatoes will continue to be grown in soil in field
systems. These crops occupya high proportionofagriculturalland in the EU, and show a relatively
high dependency on PPPs (Section 2). Plant breeding projects show potential for the development
of resistance cultivars and varietiesfor these arable crops.

The challenge for crop breeders is the slow speed at which developments can take place and the
integration of resistance to multiple organismsin one variety. Additionally, the need for climate-
withstanding varieties demandsthe integration of traits suchas resilience to drought orsalinity.

It is important to develop cultivars that fit into systems that are resilient to abiotic (non-living)
stressors caused by climate change (drought, extreme precipitation, increased temperature), and
biotic (living) stressors such as pests, diseases and weeds. Potentially, these varieties grown in such
systems could achieve sustainable levels of production and contribute to biodiversity.

2.8. Conclusionson PPP use and alternative cropsand cultivars

Pesticide use (expressed as sales of active ingredients) in the EU has not decreased significantly in
the period 2011-2018. In 2018, over 350 million kg active ingredients (i.e. 350 000 tonnes) were
soldin the EU. Four Member States account for two thirdsof annual sales in the EU; France, Spain,
Italy, and Germany (Section 2.2.1., Figure 2). However, the pattern of sales of the various pesticide
groups varies significantly between these MS (Section 2.2.1., Figure 3).

Sale of active ingredients of PPPs is not itself a direct indicator of the scale of negative impacts of
plant protection products. This is because potency varies and individual PPPs may differ

significantly in theirimpact on the environment.

The EU has developed two new indicators for monitoring the risksand adverse impacts of PPPs.
These are the Harmonised RiskIndicators HRI 1 and HRI 2.

Harmonised Risk Indicator 1 shows a 20 % reduction in the risk to human health and the
environment from pesticide usein the period 2011-2017.
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In contrast, Harmonised RiskIndicator2 shows a 50 % increasein the period 2011-2017, indicating
that the number of emergency authorisations of pesticides on the marketwent up.

The HRI data shows that EU agriculture is still strongly dependent on pesticides for crop
protection. However, harmonised data on pesticide use by crop area is lacking and cannot provide
comprehensiveinformation on the dependency of individual crops on pesticides.

Nevertheless, the combinationof data on the major pesticide groupssoldin EU Member States;
the share of land area per crop in the EU; and information from literature on major pests and
diseases in these crops, gives an indication of the dependency of EU crop production on
pesticides.

Dependency on ‘Fungicides and bactericides’, ‘Herbicides, haulm destructorsand moss killers’, and
‘Insecticides and acaricides'is high. Cereal crops such as wheat, rootcropssuch as potatoes, and
perennial fruit and vegetable crops such as apples and olives have a high dependency on
pesticides in many Member States (Section2.2., Table 2).

Theapplication of Integrated Pest Management (IPM) strategies in pest and disease management
has contributed to a reduction in the use of PPPs for specific diseases, pests and weeds in
vineyards (Mailly et al., 2017), arable crops (Kessel et al., 2018), Burger et al., 2012), and fruit crops
(Caffi et al. 2017). Many examples show the role of IPM in disease control, together with the
resulting reductionin pesticide use.

The potential for growing alternative crops in the EU is influenced by deliberations regarding
sustainable land use. These deliberations need to take into account future EU and global food
security, as wellas possible changes to the dietary habits of European citizens.

A shiftin EU dietary patternstowards more plant-based diets with lower consumption of animal
products would mean areductionin the area ofland needed to feed animals (i.e.the arable crop
land and grassland used for animal production); while the area of food crops grown for direct
human consumptionwould increase. Disease and pest resistant varieties of food crops would be
needed to meet future demand while reducing the current level of dependency on pesticides.

Current breeding programmes focusing on disease and pest resistance exist, but the development
process is time-consuming and many new varietiesfail to meet the quality demandsofthe supply
chain and consumers. These are constraintsto rapid progress. Forthe major arable crops (wheat
and root crops such as potatoes) resistant varieties are vital for reducing dependence on
pesticides. The new varieties should be grown in resilient production systemsthat contribute to
improvement of ecosystems (biodiversity) while maintaining or improving production levels.
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3. Assessment of existing and emerging crop protection

practices

This chapter provides an assessment of current
and emerging crop protection practices, and
their impact on future crop production in
Europe. The practices are not specificto regions
and are described here under the following
categories:

- Mechanicaltechniques;

- Plantbreeding;

- Biocontrol;

- Inducedresistance;

- Applying ecological principles;
- Precision agriculture (PA);

- Plant protection products.

Each paragraph includes text boxes that show
existing techniques (applied in practice for at
least 10 years); emergingtechniques (available
for implementation in practice); and future
techniques  (undergoing research and
development). Each section ends with a
summary of the potential impact of the
emerging crop protection practices.

3.1. Mechanical techniques

3.1.1. Existing practices

Mechanical techniques are mainly used to
controlweeds. Weed managementtools can be
distinguished by their scale of operation: full
field, inter-row, intra-row; and their mode of
action: mechanical weeders, electro-weeders,
thermal weeders.

Full field weeders cover entire fields or crops.
Examples are the cultivator, harrow, hoe,comb
cut, rod weeder and broad cast knife. Important
aspects are the timing and the intensity of
application, which determine the degree of
selectivity (Kurstjens, 2007).

Mechanical techniques

Existing practices

(@)
O
O
O
O

(@)

O
O
O
O
O

(@)

(@)

O
O
O
O

Full field weeders

Cultivator
Harrow
Combcut

Rod weeder
Broad cast knife
Hoe

Inter-row weeders

Inter-row cultivators
Brush weeders
Rotary cultivators
Rolling cultivators
Basketweeders
Rolling harrows

Intra-row weeders

Torsion weeders

Fingerweeders

Flame weeders

Air pressure weeders

High-power electric discharges
(Zasso),

Electricity to boil weeds inside out
from the root upwards (Rootwave)

Emerging practices

o

Inter-row weeders using guidance
systems.

Intra-row weeders using cameras and
computer vision and real time kinetic
global positioning systems (RTK GPS)
Weed seed harvesters, preventing
weed seedreturn

Practices under development

(@)

Autonomous robotic weeders with
non-chemical actuation
o Robovator (Denmark)
o RobocropInRow weeder
o Steketee IC weeder
o Agrorobotti (Agrolntelli)

Source : EIP-AGRI Focus Group (2020a)

Inter-row weeders operate between the crop rows andinclude inter-row cultivators, discs, brush
weeders, rotary cultivators, rolling cultivators, basket weedersand rolling harrows. An overview of
non-chemical weed management strategies in crops such are vegetables and fruits is given in

Pannacciet al. (2017).
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The mostimportantinnovationfor inter-row weeders is guidance systemsthat take over the role
ofthedriver. They enable larger areas to be covered and higherdriving speeds.

Physical guidance systems that follow the crop row are widely available and cheap. Their
downside is that the crop needs to be firmly rooted to guide the machine. However, automated
guidance systemsbased on global positioning systems (GPS) or row/plantrecognition have now
been developed.

3.1.2. Emerging practices and practices under development

Intra-row weeding is the most challenging cultivation since the risk of crop damage is highest
when removing weeds growing close to the crop. Available tools are torsion weeders, finger
weeders, flame weeders, and air-pressure weeders. Air-pressure weeders have potential forinsect
controlas well; they can be adjusted in such a way that they blowinsects into a container (Khelifi
etal.,, 2001)

Over the last two decades, two developmentshave led to major innovations in intra-row weeding:
the combined use of cameras and computer vision; and the development of real-time kinetic
global positioning systems (RTK GPS). Computer visiontechnologies areable to recognise the crop
row based on shape, colour and location; they steer the weeding device in the crop row to cut,
uproot, burn or bury the weeds. The latest step is the development of autonomous robotic
weeders with non-chemical actuation.

Commercial intra-row weedersinclude the Robovator intra-row cultivatorfrom Denmark, which is
equipped with two flat-blade tines per crop row that undercut weeds at 1- 2 cm below the soil
surface.Thetines are positionedin theintra-rowarea untilthey approach a crop plant, at which
point the computer systemopens the tinesto safely passby the crop, then closesthem again on
the following side (Melander et al. 2015). Other examples of commercially available automated
intra-row weeders are the RobocropInRow weeder? Steketee IC weeder?, and Agrorobotti®.

Equipment targeting the weed seed bank is also under development. In the USA, a weed seed
destructor, ‘The Seed Terminator' is under development. This device consists of dual hammer mills
that pulverise plants, including weed seeds, after the harvesting and threshing process®.

3.1.3. Potential impact of emerging mechanical techniques

This section describes the potentialimpact of emerging mechanical techniques for weed control
on future crop production.

Seven studies reporton the side effects of mechanical weeding on soil-dwelling insects compared
to the side effects of other forms of weed control such as herbicide application or mulching
(Bartram & Perkins, 2003; Holland & Luff, 2000; Kromp, 1989; Kromp, 1999; Lorenz, Ulber, &
Poehling, 1994; Thorbek &Bilde, 2004; Yardim & Edwards, 2002).

22 www.garford.com, accessed 15 April 2020
23 www.steketee.com, accessed 15 april 2020

24 httpy//www.agrointelli.com, accessed 25 June 2020

25 https://www.dtnpf.com/agriculture/web/ag/crops/article/2020/04/16/research-indicates-seed-terminator, accessed 9
October 2020
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Side effects were described for the following weed control techniques: brush weeding, hoeing,
mowing and harrowing. The affected organisms were Staphylinidae, Coleoptera: Carabidae
(beetles), Formicidae (ants), and Araneae (spiders).

Weed controlusing mechanical techniques generally requires multiple passesto achieve the same
degree of control as herbicides. The impact on biodiversity varies with the type oforganism - the
impact on faunaincreases with the number of passes.

The side effects of mechanical weeding on soil dwelling insects are often indirect. The more
efficient the weed management practice, the lower the amount of remaining biomass; the lower
the biomass, the lower the population of beetles and spiders.

Due to the developmentsin precision agriculture, mechanical weeding willbecome more precise
in future, which will reduce the remaining biomass. The expectation is that both the direct and
indirect negative effects of mechanical weeding on beetles and spiders willincrease.

Current full-field mechanical weed control techniques have a destructive effect on the eggs of
farmland birds. To reduce the negative effect on birds and their nests, it is necessary to detectand
protect the nests during weeding. Vision-based detection systemsare underdevelopment (Steen,
Therkildsen, Green, &Karstoft, 2015). These techniques will minimise the negative side effects of
mechanical weeding on bird nests and farmland birdsin future.

Existing mechanical techniques used for weed control inflict damage to the crop; individual plants
are uprooted and killed or damaged. With increasing precision, the damage will reduce
significantly, perhaps to the same level as that caused by herbicides. Herbicide damage
(phytotoxicity) can set back crop growth. It is foreseen that the impact of improved mechanical
techniques on crop yield will be similar to theimpact of existing herbicides.

Developments in mechanical weeding are mainly driven by the developments in precision
agriculture (see Section 3.6 for a description, including potentialimpacts).

3.2. Plant breeding

Plant breeders use a variety of methods to create new cultivars. The simplest method is to select
the best plants in a crop. Greater progress can be made by including plants fromall over the world
in the selection process to make optimal use of naturally-occurring genetic variation. A further
stepis the crossbreeding of different plants to combinetheir characteristics. Thereis a long history
of selection breeding, crossbreeding and hybrid breeding.

The technique of mutation breeding (or mutagenesis) was added during the 20" century.Random
(or conventional) mutagenesisinvolves artificially changing a trait through chemical treatment or
radiation to create a mutation.

Further developmentsin plant breeding since the 1990s include genetically modified organisms
(GMOs) and gene transfer techniques.

In recentyears arange of new plant breeding techniques (NPBTs) have been developed to provide
a more efficient and precise adjustment of the genetic make-up of crops (Figure 8). These
techniques include genome editing (or directed mutagenesis), which has made major progress
sincetheintroduction of CRISPR-Cas in 2012 (Cong et al.2013). These new techniques will support
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plant breeders in improving important crop traits that have been difficult to improve by
crossbreeding.

NPBTs include a diverse set of technologies for improving the efficiency and precision of plant
breeding. They can shorten breeding programmes considerably - sometimes from decades to
years — depending on the crop and the plant traits being targeted. Genetic modification is
frequently usedin these techniques, but onlyas a toolduring the breedingprocess.No DNA from
non-crossed species is present in the end product.
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Figure 8: Milestones in plant breeding

Genome editing (sequence-specific nuclease (SSN) technology) or directed mutagenesis allows
DNA to be changed at precisely specified points in the plant genome. This allows theadjustment
of plant traits in an accurate and efficient way. Using SSN technology, any gene of interest can be
eliminated, mutated, or replaced with a stable result. Mutations produced with SSN can be also
obtained using conventional mutagenesis.

The benefit of SSN technology over conventional mutagenesis is thatit only produces a mutation
at the desired location. In conventional mutagenesis, thousands of mutations are produced in
many plants, which makes it difficult and time-consuming to find the desired mutation. CRISPR-
Cas, TALENs and ZFNs are different examples of SSN. CRISPR/Cas9is a rapidly evolving technology
and its application in virus and bacterial disease resistance — and recently its potentiality infungal
disease management - is growing year by year (Pal et al., 2019).

Cisgenesis and intragenesisrefer to the productionof plants by genetic modification using only
genes from the species itself, or from a species that can be crossed with this species using
traditional methods.

In cisgenesis, genes used are added as an extra copy and are natural variants with improved

characteristics, forexample providing disease resistance. In transgenesis,the genes inserted are
from species outside the species’ gene pool.
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A cisgenic plant can, in principle, also be produced through traditional breeding, but this would
requirea much longer period of time. The DURPh programme (Haverkortet al. 2016) has shown as
proof of principle that cisgenesis can be used to produce potato varieties with durableresistance
to the disease late blight. This is achieved by incorporating disease resistance genes from wild
potato species. For other examples see Mujjassimet al. (2019).

Intragenesis is different from cisgenesis in that the genes are introduced as a new combination of
functional elements of different genes. Making such new combinations creates new possibilities,
forexampleregarding when and wherein the planta geneis activated. The results of intragenesis
cannot be achieved through normal breeding as the new combinationsare unlikely to arisein the
breeding process.

Reverse breeding is a method designed to
create homozygous parental lines from offspring
Existing practices of a heterozygous plant. This approach allows
the rapid fixation of chromosome substitutions
resulting from the heterozygous plant, which
will facilitate breeding at an individual
o Crossbreeding chromosomelevel.

Plant Breeding

e Traditional breeding

o Selectionbreeding

o Hybrid breedin
y J A GM step to suppress recombination of

e Mutagenesis chromosomes,and specifictissue culture steps

e  Marker-assisted selection are used to create these parental plants.

* (Cisgenesis In the final reverse-breeding steps the genes

* Intragenesis used for the genetic modification are crossed
out, resulting in end-products that are free of

GM-related DNA sequences.
Emerging practices and Practicesunder

development Reverse breeding has been demonstrated

e Genomic selection experimentally in the plant Arabidopsis thaliana
(thale cress) but the technique is still far from

e Genome editing techniques ) > .
being applied in commercial crops.

o Sequence-SpecificNuclease (SSN)

=  CRISPR-Cas Induced early flowering is a technique where a
= TALENs transgeneinducesfruit tree seedlingsto flower
years before they normally would. This enables
fruit tree breeders to cross plants every year,
e Reverse breeding allowing for the fast introduction and
combination of desirable traits, after which the
transgene is eliminated. The technique
accelerates introgression of disease resistance
genes from wild species into new varieties

= ZFNs

e Induced early flowering

through crossing (Schaartetal. 2015).

3.2.1. Potential impact of emerging plant breeding techniques

The objective of breeding — through either conventional or new breeding techniques - is to
provide varieties with good characteristics. Withregardto crop protection, this meansdeveloping

45



STOA | Panel for the Future of Science and Technology

crop varieties that are resistant against specific pestsand diseases, or tolerant or suppressive to
weeds, which reduces the need to control those pestsand diseases by other means.

Compared to chemical pesticides, the introduction of resistant varieties contributes to
safeguarding biodiversity and the protection of human health. Furthermore, it contributes to
farmers’incomes by saving the costs of pesticide application.

The question of whether new breeding techniques will contribute to the competitiveness of EU
farming largely depends on the legal situation on the use of the new techniques-both withinthe
EU and elsewhere. The EU has, to date, been reluctant to allow the use of new breeding
techniques, which could create a competitive disadvantage for EU farmers.

3.3. Biocontrol

Plants are constantly under attack from a wide range of pathogens and pests that cause crop
damage. The organisms that cause the damage have natural enemies (or antagonists). These
enemies exist naturally in any agricultural system. However, their numbers or effectiveness are
often too lowto contribute to crop protection.

Different types of natural enemies can be identified: microorganisms suchas bacteria, viruses and
fungi;and macro organisms suchas insects andnematodes. “Biocontrol entails all methods, tools,
measures and agents of plant protection that rely on the use of beneficial organisms, as well as
their natural mechanismsand interactions which steer the relationship between biological species
in the natural environment. Biocontrolincludes augmentative control, conservation biocontrol,
and the use of biopesticides, semiochemicalsand plant defence stimulators” (Lamichhane et al.,
2017).

Depending on the context, the term biopesticidesis used for a variety of products and agents. In
this report, thetermis used only to referto the use of arthropods, microorganisms, nematodes,
viruses and products derivedfrom these organisms for crop protection. Plant defence stimulators
are discussed in the next section (on induced resistance). Nanoparticle-based micronutrient
formulationsthat enhance plant defence mechanisms are discussedin Section 3.7 on PPPs.

During the last decade, the rate of introduction of new biological products hasexceeded that of
conventional plant protection products worldwide®. “Despite the recent rapid growth of the
biocontrol market, less than 5 % of plant protection products currently sold worldwide are
biocontrolagents” (Buckwell, 2020).

Lamichhane et al. (2017) prioritised 13 pests and diseases that cause most problems in arable
cropsintheEU. They also indicated the possible biocontrol solutionsthatare available, or under
development, to control these priority pests and diseases. The authors conclude that, in arable
cropping systems, a limited number of biocontrol optionsare available to control the major pests,
diseases and weeds. However, the use of bacteria, fungiand viruses for weed control has received
increasing attention in the literature over the last three decades (Stubbs and Kennedy, 2012;
Harding and Raizada, 2015).

26https://croplife.org/wp-content/uploads/2018/11/Phillips-McDougall-Evolution-of-the-Crop-Protection-Industry-since-
1960-FINAL.pdf
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Most biological weed control products aresold in

Biocontrol
countries outside the EU, although there is no
Existing practices widely used commercial biological herbicide
Insect control (Buckwell, 2020). The EU pesticide database

contains a small number of biological weed
control products based on acids (aceticacid, lauric
acid, oleicacid).

e Release of antagonists (insects, mites,
nematodes, fungi, virus)
e Pestbehaviour manipulation

e Sterile insecttechnique Achieving consistentsuppression of weeds in field
conditions is acommon difficulty with biocontrol

Nematode control methods. This is because the efficacy of
¢ Inoculation of soil with antagonists bioherbicides is, generally, more sensitive to

(bacteria, fungi, nematodes) environmental variation than conventional
Disease control herbicides. One commonly reported problem is

the need for continuous moisture availability

O SPEpINg e EE R | R EiE) during the period in which the biocontrol agent

e Inoculation of soil with antagonists against infects the plant (Boyette and Hoagland, 2015).
soil fungi
Weed control Nanoformulations have the potential for

controlled release of active phytotoxins, which
could be achieved using variations of
nanoparticles and other nanoformulation
Emerging practices technology. The potential of improved
Weed control formulation systems to help resolve current weed
management problemssuggests that commercial
products will emerge. These will combine the
benefits of bioherbicides with nanotechnology in
* Rustfor control of all weeds formulationsthat are less detrimental to the wider
o Seed-eating beetlesforcontrol of allweeds ~ €nvironment.However, even with allthe benefits,
the wuse of nanotechnology, especially in
agricultural production, should be thoroughly
studied to avoid or limit further damage to the environmentand humanhealth (Kremer, 2019).

e Antagonists (fungi) for control of Cirsium
spp. (New Zealand)

e Antagonists (insects, bacteria) for control of
Cirsium spp.

Lamichhaneetal. (2017) listed 12 of the most common pests for vegetable production in the EU.
More options for biocontrol are available for vegetables than for arable crops.

A good example is control of Tuta absoluta in tomatoes. Despite T. absoluta behaving as an
invasive pest, positive results have been achieved using augmentative and/or conservation
biological controlbased on indigenous natural enemies.

The basis of current strategies entails pest control with either biological or selective insecticides
untilthe population of predators is high enoughto control the pest by themselves (Urbaneja et al.
2012). For tomatoes grown in open fields, which include the majority of the tomato production
area, this is notacommon practice.

A case study by Balzan and Moonen (2012) in Tuscany (Italy) shows that current management
strategies aimed at the control of T. absoluta and other pests of tomatoes in open-field cultivations
have so far relied on calendar-based application of a wide range of pesticides. Hardly any pest
monitoring techniques are used in these areasto adjustpesticide applications.
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The ecological disturbances caused by the calendar-based pesticide applications are likely to
compromise biological control servicesand make agroecosystemsless resistant to invasions, such
as those currentlyrecordedfor T. absoluta.

Lamichhaneetal. (2017) prioritised 12 pests and diseases that are the most commonproblemsfor
EU Member States in perennial cropssuch as apples, pearsand grapes. Theresearchersidentified
the possible biocontrol solutionsthat areeither available or underdevelopmentfor the control of
these high priority pestsand diseases.

An important bacterial pathogen used as a biological control agent is Bacillus thuringiensis (Bt),
which is a gram-positive bacteriumthat is pathogenicto Lepidoptera larvae.Because of its high
selectivity, Bt is often used in apple IPM programmesfor the management of various moth species,
such as leafrollers (Damos et al., 2015). Other promising techniques for biocontrol of pest insects in
fruit trees are mating disruptionand sterile insect technology (Chouinard and Cormier, 2016).

The most promising virus agent for controlling apple arthropod pests is a granulovirus (family
Baculoviridae) (Damos et al., 2015). Granulovirus of codling moth (CpGV) is an insect-specific
granulovirus that offers new means of highly selective control of the codling moth Cydia
pomonella L in fruit orchards. The commercial products that are utilised in IPM programmes
contain the virus in an aqueous suspension and are sprayed during the egg hatch. Commercial
products of CpGV are registered and available in Europe and North America and are used by
orchard growersworldwide (Damosetal., 2015).

A noveltechnique to enhance larval mortality is the combined use of granulovirus, yeast-based
attractants and feeding stimulants or the smell of pears (Knightand Witzgall, 2013).

3.3.1. Potential impact of biocontrol methods

“It is generally presumed that biocontrol methods are inherentlyless risky for both human health
and the environmentas these productshave originatedand evolved in nature. There should be
less concern about persistence, bioaccumulation and residues as they are generally quickly broken
down andrecycled. They should pose less harmto operators” (Buckwell, 2020).

However, these properties do not automaticallyapply, so such general claims mustbe scrutinised.
The International Biocontrol Manufacturers Association (IBMA) argues that Regulation (EU)
1107/2009, which was designed to address synthetic active substances and products, is not
appropriate for the approval and authorisation of biological plant protection products. The data
needed to assess a microorganism will be very different from that needed for a chemical
substance. The European Commissionis currently workingto update the datarequirements and
assessment methodologiesfor microorganisms.

For farmers, the effectiveness of biocontrol agents compared to agrochemicals is the main
consideration. Farmers are risk adverse and these products should have at least a reliable and
adequate level of control if they are to substitute for synthetic products. Furthermore, it is
important thatschemesare developedin which these productscan be usedin combination with
synthetic PPPs.

As shown in the tables above, the number of biocontrol tools developed for field crops is still
limited and the combined use of biocontrol products with synthetic PPPs can be expected. Today,
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biocontrol products are seen by farmers as less efficient and reliable than synthetic products.
Farmers need to gain experience with these types of products to build trust and acquire
knowledge.

Biocontrolagentsgenerally have a narrower spectrumofapplication of crop/pest combinations
than chemical products. The use of several products in one crop can therefore be expected. This
may be costlier to farmers than the use of conventional pesticides. Potentially, their costs of
production may increase as aresult.

TheInternational Organisationfor Biological Control (IOBC) has identified fourmain limitations to
the uptake of biocontrolworldwide (Barratet al., 2018). These are:

- riskaverseand unwieldy regulatory processes;
- increasingly bureaucratic barriersto access biocontrol agents;

- insufficientengagementand communication with the public, stakeholders, growers
and politicians of the considerable economic benefits of biocontrol;

- fragmentation of biocontrol sub-disciplines.

3.4.Inducedresistance

The defence mechanisms of plants can beinduced by a variety of bioticand abioticagents. There
have been a number of studies in recent years aimed at understandinghow best to use induced
resistancein practical crop protection.

Walter et al. (2013) provide a review of the current advances in this area. Applying induced
resistance for crop protection is an emergingfield of research (Borges et al., 2015.

Induced resistance tends to be broad-spectrum and

can be long-lasting, but s rarely completely effective. InducedResistance
Most inducing agents reducing disease by 20-85 % Emerging practices and practices under
(Walter etal., 2013). development

. . e Soil amendments
In contrast to breeding for resistance, the genome of

the plant is not altered by induced resistance. An | ® Seedtreatments
exampleis amending soil with biochar, which induces
systemic-resistance to grey mould (Botrytis cinereq)
on pepper; powdery mildew (Leveillula taurica) on
tomatoes; and the broad mite pest
(Polyphagotarsonemus latus) on pepper (Elad et al.
2010).

e Elicitors as foliar sprays

e Elicitors as root drench

The addition of biochar to soil causes a cascade of effects on plant-soil-microbe interactions in
addition to changes to physicaland chemical properties of the soil. These effectsarenot yet well
understood (Zhu et al., 2017).

Biochar does not always elicit induced resistance. The variability in the amount and types of

biochar volatile organiccompounds that can act as microbial inhibitors maybe the reasonfor this
uncertainty in biochar-triggered pathogenresistance (Zhu et al., 2017).
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In most cases, elicitors are applied to plantsas either foliar spraysorarootdrench. A convenient
way of applying crop protectiontreatmentsinvolves treating the seed.Seed treatments can be
particularly useful, since they can provide protection to young plants during a vulnerable stage in
their development (Walteret al., 2013).

Work by Worrallet al. (2012) demonstrated thattreating tomato seeds with jasmonicacid (JA)and
or B-Aminobutyricacid (BABA) primed plantsfor enhanced defence againstpestsand pathogens.
“Plants grown from JA-treated seed exhibited increased resistance against attack by spider mites,
caterpillars and aphids, as well as against the necrotrophic fungal pathogen B. cinerea. Seed
treatment with BABA-primed plants enhanced resistance against powdery mildew caused by
Oidium neolycopersici”.

What was particularly interesting aboutthis workwas the finding that protectionwas long-lasting,
with enhanced resistance sustained for up to 8 weeks (Walter et al., 2013). Active compounds
produced by Trametes versicolor can restrict the growth of mycotoxigenic fungi and the
biosynthesis of their secondary metabolites (e.g., mycotoxins) in wheat. Tramesan is a 23 kDa
a-heteropolysaccharide secreted by T. versicolor that acts as a pro-antioxidant moleculein animal
cells, fungi, and plants. Foliar-spray of Tramesan (3.3 uM) on durum wheat cultivars susceptible to
Septoria Leaf Blotch Complex, before inoculation of causal agents of Stagonospora Nodorum
Blotch and Septoria Tritici Blotch, significantly decreased disease incidence (Scala et al., 2020).

3.4.1. Potential impact of induced resistance

Priming of induced resistance by treating seeds could be of great value in agriculture and
horticulture, especially for crops that are likely to face pest and pathogen attack early in the
growing season. If the priming effect is long-lasting, the need for further crop protection
treatments (elicitors or pesticides) would be reduced. This can benefit biodiversity, reduce
environmentalimpact, and reduce production and labour costs.

Pinto et al.(2012) examined the use and economic viability of resistance elicitors (Agro-Mos and
potassium phosphite) in the managementof grapevinedowny mildew, caused by P. viticola. They
found that, although both elicitors reduced infection, potassium phosphite — which induced
resistance in this system — was an economically viable option for management of grapevine
downy mildew. It worked either on its own or in combination with a fungicide.
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3.5. Applying ecological principles: diversified systems

An emerging strategy to reduce damage from
pests is to apply ecological principles to
increase plant diversity in and around cropping
fields. Biodiversity is critical for the functioning
of naturalecosystemsand is also a prerequisite
for developing agro-ecological farming
systems (Barotetal.,2017; Beilloun etal.,2019;
Malézieux, 2012).

Biodiversity at the field level can be considered
in three domains: temporal, spatialand genetic
(see text box).

Temporal diversity includes crop rotation,
which may be enhanced by including cover
crops to provide green manure (i.e. organic
material) to the soil. Including legume crops in
a rotation alsoenhancessoil fertility.

Spatial diversity includes extending and
improving  semi-natural  habitats  (e.g.
hedgerows, flower strips) around field crops.

Genetic diversity includes various ways of
mixing crops, including agroforestry.

While theimpact ofimproving biodiversity on
pest reduction may vary from year to year, or
from field to field, there is a consensus that
increased biodiversityinand around crops has
positive effects (Martin et al., 2019).

On the other hand, enhancing plant

Applying ecological principles to
increase biodiversity

Existing practices
e Temporal diversity
o Widening of the crop rotation
o Use of green manures
o Undersowing of clover
o Extended mowing
o Minimaltillage
e Use of service crops (e.g. Tagetes)
e Livingmulchesandrollercrimper

Emerging practices
e Spatial diversity
o Use of flower strips
o Use of hedgerows, beetle banks and
riperian buffers
o Wildlife friendly mowing (from the
inside to the outside)
o Mulching
e  Geneticdiversity
o Variety mixtures
o Mixed cropping of legumes and
cereals
o Mixedfarming
o Agroforestry
o Novelty crops
o Agri-environmental schemes
e Cutand carryfertilizerinstead of manure

Practices under development
e Agroforestry

Pixel cropping

Strip cropping
e Nature inclusive agriculture

biodiversity often comes at a cost. Land taken up by non-crop vegetation reduces the overall
cropping area. Also, yields per hectarefrom the productivearea of biodiverse systems have tended
to be lower than from conventional systems (Letourneau et al. 2011).

It can be expected that the effects of diversity actions will differ both within and between the three
domains, as described in the following paragraph:s.

Temporal diversity can be achieved by sowing a cropin rotation with other crops (Bennett et al.
2012). However, a crop rotation comprising crops with similar timing of cultivations (e.g. a rotation
of winter cereals) will have a lower effect on weed reduction than crops with different
managementand timing of cultivations (e.g.a rotation including winter cereals and spring-sown
tubers) (Weisberger 2019).
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Therefore, diverse rotations typically include crops with different planting and harvest dates —
which provide contrasting growth habits and competitive characteristics — and with dissimilar
tillage and weed management practices. Consequently, weeds can be challenged with a wide
range of stressors, which checks their growth and reproduction (Isbell et al., 2017). A review of
studies conducted with a range of crop species found that rotation resulted in lower weed
densities in 21 cases, higher in one case and equivalent in five cases, when compared to
monoculture systems (Liebman &Dyck 1993).

Temporaldiversificationcan also be achieved by using cover crops, which may be grown before or
after ‘main crop’ production. Cover cropping can suppress weeds by: altering environmental
factors that affect weed germination and establishment; competing for growth resources, and;
releasing phytotoxins?, therebyreducingthe numberof weed seeds and vegetative propagules
available to infest succeeding crops (Isbell et al., 2017; Teasdale et al. 2007).

Osipitan et al., (2019) showed in a meta-analysis of 53 studies on the impact of cover crop
managementon weed management,that weed biomass and density were negatively related to
cover crop biomass. The meta-analysis showed thatcover cropssuppressweeds to an extent that
depends on management decisions such as:

- choice of cover crop species;

- covercrop sowing season (autumn or spring);

- sowing dates within seasons;

- seedingrate;

- covercropterminationdate;

- delayin main crop planting after cover crop termination;

- tillage system under which the cover crop was produced, and;

- integrating the cover crop with otherweed controlinputs.

Pest insects can use cover crops as a survival shelter. To avoid exposure to severe cold and or
fluctuating temperature, many insectsoverwinter under plant debrisor burrowinto the soil. As air
temperature changes, the temperature under the cover rises and falls slowly (especially when
insulated by snow cover), giving insects, pests—and predators —a far more stable environment?®.

As cover crops can increase insect pestsand diseasepopulations, a better understanding of the
interaction between them and theircover crop hostswill help in the design of crop management
plans to minimise therisks to the main crop.

Regarding spatial diversity, Martin et al (2019) showed in a study covering 1 515 landscapes
across Europe that landscapes with narrow fields (i.e. many boundaries relativeto area) had 44 %
more naturalenemiesand pest controlincreased 1.4-fold while maintaining high yields.

27 https://www.scipress.com/ILNS.56.25, accessed 8 October 2020
28

https://www.canr.msu.edu/news/how_insects_survive _cold the potential _effect of a_mild_ winter, accessed
October 8" 2020.
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Skelsey et al.(2010) found that narrow strips of potatoes have a betterdiseasesuppression than
wider strips.

Regarding genetic diversity, the use of variety mixtures in cereals (see Section 2.3.1) can be
expected to have a lower effect on pest reduction than mixed cropping such as wheat and peas
(lverson 2014).

Mixed cropping involves the combination of two or more crops, which together improve plant
health or reduce pest, disease or weed incidence (Boudreau 2013). In temperate regions,
substantialresearch has been done on cereal-legume combinations.

A meta-analysis conducted to quantify thedisease suppressive effect of intercropping cereals with
legumes at different levels of nitrogen fertilisation showed that intercropping reduced disease
incidence by 45 % on average (Zhangetal., 2019). While this reduction was significant for fourout
of six studied pathogens, it also showed that intercropping was sufficient to provide complete
disease control and is therefore best used as a component in an integrated approach for
managing plant diseases (Zhang et al., 2019).

Promising results in reduction of P. infestans in potatoes have been seen when cultivated in
combination with other crops (Bouws &Finckh 2008).

Cover crops should be mixed to achieve high competition and biochemical suppression of weed
growth (Varnholt et al., 2016). Further research is needed to evaluate and minimise the negative
allelopathic impacts of cover crops on the main crop (Koehler et al., 2020), while realising their
benefits for weed management (Shekoofa et al., 2020).

Another example of plant diversity contributingto pest suppression is ‘push-pull’ planting: insect-
repellent plants are added to fields of crops to ‘push out’ pests; and insect-attracting plants are
planted at the edges of thefields to ‘pull out’ pests and disrupt their life cycles (Midega et al. 2015).

When crops lack critical resources to support pest predatorsand parasitoids, mixed plantings and
non-crop borderscan provide nectar, pollen, alternate preyand refugia, thus increasingnumbers
and richness of these natural enemies of pests (Isbell et al., 2017). The diversity of vegetation
across the surrounding landscape tendsto be positively associated with the in-field abundance,
richness and parasitism/predation rates of natural enemies. The diversity of vegetation is also
associated with the diversity of insect herbivore pests, though not necessarily with pest
abundance (Dainese et al. 2019; Holland et al. 2016; Chaplin-Kramer et al. 2011; Letourneua et al.,
2009).

However some studies relating the richness of natural enemies to arthropod biological control
have shown negative and neutral effects (Letourneau et al., 2009).

The mechanisms underlying the effects of increased biodiversity on pest reduction are not well
understood. Further research is needed to explore beyond richness effects and develop
sophisticated approaches for isolating mechanisms underlying biodiversity effects (Crowder and
Jabbour, 2014).

Furthermore, to understand the mechanisms underlying biodiversity effects, it is important to

include the socio-economic factors involved in creating and maintaining biodiversity-mediated
ecosystem services such as pest control (Kremen et al,, 2012). The essence of systems based on
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ecological principles is to restore soiland above-ground biodiversity in order to maximise natural
and circular processes for plant nutrition and in-built health, pestand diseaseresistance, thereby
creating a resilient production system (RISE, 2020).

3.5.1. Potential impact of applying ecological principles

The potential impacts of ecological functions in agriculture can be both positive and negative.
Farming systems based on ecological principles potentially require lower levels of nutrient and
PPP inputs and will therefore have a reduced impact on wider biodiversity, human health and
environment.

Thereis a risk of lower yields when lower amounts of nutrients and PPPs are applied. Meta studies
of organicfarming showyield penalties compared to conventional farmingof between 5% and 45
%, depending on the crop (Ponisio et al. 2015; Seufert et al. 2012). Unless the farmed area is
expanded proportionately, food outputwould fallif most or allEU land was converted to organic
systems. However, expanding the agricultural area could be highly damaging to habitats and
biodiversity.

New systems that combine the bestof conventionaland more sustainable practicesare needed. A
recent meta-analysis (Bellouin et al. 2019) summarising 3 736 primary studies on crop
diversification showed that all diversification strategies benefit biodiversity. The majority of the
studies indicate a positive impact of diversification on soil quality and also on productivity
(Figure9).

A. Biodiversity B. Soil Quality C. Productivity
Other . | wsnaz
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Figure 9.Impacts of crop diversification on biodiversity (yellow), soil quality (grey) and productivity
levels (blue)
Source: Bellouinetal. 2019

The impacts are quantified with effect sizes (i.e. the ratios of a measurement in a diversified
cropping system to its corresponding valuein a less diversified cropping system).
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The number of meta-analyses/effect sizes/individual studies included in each pair-strategy
outcomeareindicated at theright of the boxplots. Whentheratio is greater than 1, the diversified
system outperformsthe less diversified one for the considered outcome.”

The meta-analysis by Beillouin et al. (2019) shows that diversified systems can contribute to
sustainability and production goals. Although diversified farming practiceshave the potential to
lead to higher and more stable yields, increase profitability andreducerisksin thelong-term, the
ecological benefits for the farmer do not outweigh the economic costs in the short term (Rosa-
Schleich etal., 2019).

Combined practices deliver the greatest ecological and economic benefits at the farm level.
Financial instruments are needed to increase the implementation of combined practices by
adequately rewardingfarmers for investingin the ecological benefits.

The challengeis to combine diversified and conventional practicesinto a sustainable system that
secures food production, preserves biodiversity and supportsfarm incomes.

Key outstanding questions regardingthe application of ecological principles are:
- howtorestoreand sustain natural resources (soil, water and biodiversity)?

- howtorespondandadapt to the effects of climate change, including drought, rising
temperatures and unpredictable rainfall patterns?

- howto control pests, diseasesand weeds with a lower dependency on pesticides?
and;

- howto maintain theincomes of farmersoperating sucha system?

On 25 June 2020, Wageningen University and Research launched the ‘Farm of the Future’® to
address these questions and experiment with diversified systemsat a practical level (Figure 10).
More fundamental questions are addressed by the H2020 project, including Diverimpacts® and
Remix32,

29 Source: Evidence map of crop diversification strategies at the global scale, Damien Beillouin et al., 2019 Environ. Res.
Lett. 14 123001 doi:10.1088/1748-9326/ab4449.

30 www.farmofthefuture.nl

37 https://www.diverimpacts.net

32httpsy//www.remix-intercrops.eu/
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Figure 10. Farm of the Future based on diversification at Wageningen University and
Research™

3.6. Precision agricultureand DSS

Two trends in EU agriculture are relevant for the development of precision agriculture: 1) the
number of people working on farms in the EU is decreasing, and; 2) the averageholding sizein the

EU isincreasing (STOA, 2016%).

These trends favour the introduction of precision
farming technologies, provided that finances and
skills are not limiting.

Precision agriculture, or precision farming, is a
modern farming managementconcept using digital
techniques to monitor and optimise agricultural
production processes.

The development and implementation of PA is
enabled by various technologies: object
identification, sensors, Global Navigation Satellite
Systems (GNSS), connectivity and other information
and communication technology, robotics, and
autonomous navigation. A detailed descriptionofthe
development of these techniques is given by STOA
(2016).

Precision agriculture
Existing practices

e Controlled traffic farming
e Decision support systems
e Variable rate technology
e Task maps

Emerging practices

e Precision spraying

Practices under development

e Sensor-based methods for detection,
identification and quantification of
diseases

e Remote sensingforweed control

In thefollowing paragraphs, the PA techniquesrelevantto crop protection arediscussed.

33 STOA has previously commissioned a Scientific Foresight project 'Precision Agriculture and the future of farming in

Europe', which provides relevant information for this section:

https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2016)581892
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Controlled traffic farming was one of the first PA applications in arable farming. Since 2004,
farmers have been able to use GNSS on farm machinery in order to define precise routes (‘tram
lines’) in the field. This prevents overlap or gaps in application, thus saving energy, water and
agrochemicals. Typical savings arein the order of 5-10 %. Adoption ratesfor GNSS can be as high
as 80 % on modern farms in specificregions of the EU (STOA, 2016). Farmersfollowthetram lines
for subsequent cultivations.

Farmers started using decision support systems (DSS) to optimize crop management in the
1980s. However, the first applications of geo-data in DSS for crop managementareonly 15 years
old.

The use of crop, weather and soil sensors enables the collection of real-time data on crop and
environmental conditions. Connection of that information to the location of pests, diseases or
weeds, together with the population dynamics of the target crop, will increase the efficacy of
controlmeasures.

Decision support applications, such as Akkerweb?**, collate this dataand present it as management
information for the farmer —an example would be a task map for spraying (Evert,van et al., 2018).

Currently, about30applications are available on Akkerweb. The Potato HaulmKilling application,
for example, gives arecommendationfor desiccant use to terminate a potato crop,and may lead
toanaveragereductionin herbicide use of 38 % (Evert, van et al., 2018).

The late blight application makes recommendations on the application of fungicide to control
Phytophthora infestans. The application advises on when to spray, depending on climatic
conditions and growth development of the fungus; and indicates the amount of fungicide to
apply, based on the amount of above-ground leaves and stems measured by crop reflection
sensors (Cooke etal. 2011). The application has resulted in reductions of fungicide use of 20-30 %
(Evert,vanetal., 2018).

Recent developments in viticulture have been described by Pertot et al. (2017). Scheduling
fungicide application against downy mildew, based on new forecastingmodels ofinfection rate,
allowed a reduction of 50-66 % in pesticide applications (Caffiet al., 2010). This modelis integrated
into a DSS named vite.net® (Rossiet al., 2014).

About ten years ago variable rate technology (VRT) for plant protection products was first
applied (Kempenaaretal., 2014 b, 2014c).

The ability to vary the dosagerate can belinked to soil organic matter content to control herbicide
application. For plant growth regulators, the application rate can be based on the biomass
present. For leaf desiccants, the rate can be based on the chlorophyll detected. Considerable work
is underway for weed identification to allow selective spraying of contactherbicides.

A good example is variable rate potato haulm killing (Kempenaar et al., 2014b), where the
herbicide dose is varied based on the conditions of the potato canopy conditions measured by
sensors. Kempenaar et al. (2017) made an overview of potential variable rate applications (VRAs) in
potato crop management in The Netherlands and identified 13 potential VRAs in potato. These

34 www.akkerweb.eu
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ranged from soil tillage, to planting, to crop care, to selective harvest. Soil herbicide weed control,
late blight control, and haulm killing were among the most promising applications of VRA, for
which a cost-benefit assessment was made. Savingson pesticide use and N-fertiliser use with the
VRAs were on average about 25 %. Savings in pesticides will increase with higher precision.

Precision spraying is another development for optimising the application of PPPs through
improved application technology. Modern crop sprayersare able to vary application rates based
on (near) realtime data.

Further developmentsin spraying include arange of automated sprayerfunctions: automatic tank
filing to avoid spillage; automatic dilution and sprayer cleaning; automatic boom height
adjustment to enable lower nozzle height and reduce spray drift; automatic GPS nozzle-control to
eliminate overlaps, and; individual nozzle control for high-precision dose rates.

As an example of nozzle control, Machado et al. (2019) were able to reduce application rates of
insecticides in wheat by 50 % through a combination of a twin flat fan-tip nozzle and use of the
adjuvant sodium lauryl ether sulphate.

Electrostatic spraying to reduce drifting of pesticidesaway from the targetcrop and improve spray
efficiency is another area of sprayresearch, evaluatedby Urkan et al. (2016). The evaluationfound
that electrostatic spraying achieves better coverage than conventional sprayingand usesupto 10
times less water, but also has disadvantages.

Appah etal.(2019) looked at the characteristics of pesticide spray dropletsand ways ofimproving
spray efficiency by including surface-active agents, or adjuvants, to lower thesurface tension of
the spray solution and improve the spreading of droplets on crop surfaces. The reviewers
proposed an optimum combination of electrostatic parametersto improve spray efficiency.

Sensor-based methods are under development for the detection, identification and
quantification of plant diseases (Mahlein, 2016; Hillnhitter et al. 2010; Mahlein et al. 2012;
Sankaranetal.2010).

Sensor-based methods for disease detection include: early detection of head blight (Fusarium
graminearum) in wheat (Bauriegel et al. 2011, Bravo et al. 2003); early detection of fire blight
(Erwinia amylovora) in pear trees (Bagheri et al. 2020); and detection and discrimination of
Cercospora leaf spot from other fungal diseases in sugar beet using a smartphone (Hallau et al.
2018).

A potential use-case of a sensor-based method is being investigated in the Dutch project
‘Precisielandbouw 2.0 project Smart Ziekzoeken**. Using hyperspectral cameras, fungus-infected
potato plants are observed in the field for subtle changes in light reflectionin thefirst phase after
plant infection. In combination with 3D cameras that measure the volume and change in leaf
structure, infected plants can be detected. These techniquesenable much shortertime intervals
between crop surveys (also called scouting), which can be decisive for robust disease detection.

35 https://library.wur.nl/WebQuery/wurpubs/fulltext/385490
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In the IOF2020 project*¢, an arable trialinvestigates use cases to examine how Internet of Things
(IoT) technology enables precision farming. The use cases are used to “link existing sensor
networks, earth observations systems, crop growthmodelsand yield gap analysis tools to a variety
of databases. This combination of information creates effective, standardizedactuation protocols
(‘task maps’) for machines and robots. Focusing on the cultivation of three main crops (wheat,
soybeans and potatoes), in different European regions and climate zones, the trial includes
activities along the cropping cycle. With the help of loT technologies, dataon key variables such as
the soil, climate conditions, growth of plants and weed, disease or pest prevalence can be
combined ina meaningfulway.”

Attention should be given to the spatial and temporal dynamics of pest and disease development,
and how the use of continuously updated models can offer support in decision making for
effective and reduced PPP use. A spatial network of continuous sensing of climatic conditions,
together with disease and pestobservations, can be an early warning toolfor intervention. The
network should also include observations on predator developments soas to assessthe damage
risk for the crop. Thisisalso atoolfor reducing therisk of newinvasive pests and diseases.

Remote sensing may be used to detect and control weeds. Most studies focus on detecting
weeds between rows, which means detecting the rows and then the vegetationin-between. The
detection is based on the geometric structure of the rows and the spectral contrast between
vegetation and soil (Weiss et al. 2020).

The problem becomes harder when weeds and crops are mixed together within the same image
and have a similar spectral behaviour, although these weeds can be removed using mechanical
intra-row weeders (see Section 3.1).

Methods of weed control are constantly developing with new inventionsemerging. Theseinclude
micro-spray techniques,hot-watersprays, and laser systems.

3.6.1. Potential impact of precision agriculture

The Scientific Foresight Study “Precision agriculture and the future of farmingin Europe” (STOA,
2016) draws the following conclusions on the potentialimpact of precision agriculture:

- PA can makeasignificant contributionto food security and safety:

- PA offers technologysolutionsto produce more with less inputs;

- PA willenhancefood safety and plant health;

- PA canpromote sustainable farming:

- PA technologies are alreadyin use with positive impactson the environment;

- PA will generate sustainable productivity gains;

- PA will trigger wider societal changes:

- PA willinfluence work practices and life conditions on farmland;

- New farming businessmodels are under development;

- Precision agriculture requiresthelearningof new technological, environmental and
managerial skills.

36 www.iof2020.eu
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The STOA study found that “At the moment, a lot of
progress has been made in PA development, and the PA
market is fully embraced by the sector and investors, but
the full potential of PA has not yet been harnessed.”

Plant protection products
Existing practices

Alternate mode of action
Spray nozzles

Dose reduction (LDS)

e Precisionspraying

The study had four main conclusions:

- PA canactively contribute tofood security and

food safety; Emerging practices & practicesunder

) development
- PA supportssustainable farming;

- . s Mi ient f lati
- PA will trigger societal changes along with its * cronutrientiormulations

uptakerate;
- PArequires newskills to be learned.

An additional point concerns the interoperability of farming equipment, which needs to be
improved. Exchanging databetween field machinery and farm managementinformationsystems
is key for a further growth of PA technologies and smart farming methods in Europe?. There is
active collaboration within the industry to make the differenttechnologies compatible through
ISOBUS, aninternational communication protocol thatsets the standardfor agriculture®

These techniques willrequire a certain investment by farmers. The need for large investments may
lead to an increase in farm size and a reduction in the number of small family farms. However,
contractors currently carry out about 60 % of farm work in Europe according to CEETTAR (The
European Confederation of Agricultural, Ruraland Forestry Contractors)**and can provide farmers
with technicalequipment and qualified personnel, thus reducing investment costsfor farmers.

Despite the investment costs, precision farming has the potential in increase farm incomes by
producing ‘more with less’. Furthermore, PA may be easier for some (mostly large-scale) farmersto
incorporate into their existing farming practices than some other emerging crop protection
practices, such as the application of ecological principles (Lefevre et al., 2020).

3.7. Plant protection products

The discovery and introduction of plant protection products was one of the major enablers of
intensification of agriculturein the 20" century.

Intensification has led to increased yields per hectare, which has been a criticaldevelopment for
food security at both the EU and global levels. Withoutintensification, more land would be needed
for food production, which would have negativeenvironmental impacts.

In the other hand, the intensification of food production has had undesirable side effects,
including declines in biodiversity, soiland water quality, as well as concerns for humanhealth.

As a result, it is necessary to regulate the use of PPPs at national and European levels. EU
regulation is based on the use of hazard-based risk criteria and riskassessments. This approach has

37 www.l0F2020.eu
38 https://www.agleader.com/blog/what-is-isobus-2
39 https://www.ceettar.eu/news.phplitem=12
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led to the removal of a number of PPPs (products and active ingredients) from the European
market. Most PPPs are agrochemicals and new products are released continuously. The
introduction of new working mechanisms in products is one of the means to prevent resistance
developmentin target organisms. However,mostnew productstodayarereformulations using
existing active substances. The discovery of new active substances is currently ata relatively low
level.

Anoverview of the use of PPPs is provided in Section 2.2. Biopesticides are discussed in Section 3.3
on biocontrol. Possible reductions in the use of PPPs through precision agriculture and spray
application technologies are described in Section 3.6. This section focuses on the health and
environmentalimpacts of PPPs, and farmer behaviourand economics with respect to PPPs.

3.7.1. Health impacts of PPPs

Pesticide use in the EU is governed by Regulation (EC) No 1107/2009 (the PPP Regulation), and
Regulation (EC) No 396/2005 (the Maximum Residue Level (MRL) Regulation).

Both these Regulationshave been extensively evaluated (as explained in Section 5.2.1.) and one of
the conclusions was that Regulation (EC) 1107/2009 contributes to the protection of both human
health and the environment. Societal concerns are likely to result in stricter environmental and
health criteria.

Another important consideration regarding the use of PPPs is the risk of human pathogens
becomingresistantto human medicines that are of the same classof chemicalsas those usedin
PPPs. Resistance that develops in one sector can be transferred across sectors and species.

Through processes of co-selection and cross-resistance, resistance to one antibioticmay render an
organism resistant to various unrelated drugs and chemicals*. An example is resistance of the
fungus Aspergillussp.to azole drugs. This fungus can cause lung conditions in humans that can be
life-threatening for people with an underlying condition. Pathogen resistance to chemical
treatmentsis therefore a growing concern.

3.7.2. Environmental impact of PPPs

There has been a substantial decline in biodiversity — both above and below the ground - in
agricultural ecosystems, as reflectedin declining populationsof farmland birdsand insects in parts
ofthe EU. As aresult, the ecosystemfunctions that these organisms provide - including natural
pest control-areendangered or lostas well.

Among other factors, pesticide use has been identified as animportant cause of environmental
impacts. Pesticides contribute to the pollution of ground and surface waters, and there are strong
indications that long-term exposure to PPPs can have a negative impact on biodiversity (Topping
etal,, 2020).

Other factors affecting the environment include industrial chemicals, medicines, fertilisers, and
mechanisation. Other threats include climate change and the introduction of alien invasive
species.

40 httpy//www.fao.org/3/BU657en/bu657en.pdf
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There is a multitude of factors — both within and outside agriculture - that can have affect the
environment. It is therefore difficult to isolate and assess the specific impact of PPPs. The
complexity of interactions: between species; over (trophic) levels along food chains; above and
below ground, makes distinguishing cause and effect very hard. Reduction in one species may
interfere with habitat or food requirementsofanotherspecies in anothertrophiclevel.

“The impacts and potential risks of PPPs on terrestrial above-ground and water organisms are
relatively well documented. Tighter restrictionsand withdrawal of active substances with negative
impacts on pollinators have contributedto a higher level of environmental protection” (Buckwell,
2020).

Insects (particularly pollinators) and birds are the two most studied groups. The European
Environmental Agency (EEA) monitorschangesin farmland biodiversity using two main indicators:
thefarmland bird indexand the grassland butterflies index. Both indices showsimilar decreases
between 1990 and 2017: a 33 % reduction in common farmland bird numbers and 39 % reduction
in grassland butterfly populations*'.

Several studies have linked the use of PPPs to insect decline. Geiger et al. (2010) identified 13
components of agricultural intensification and found pesticides had the greatest consistent
negativeimpact on the species diversity of plants, carabid beetles and farmland birds.

There can be little doubt that agricultural intensification has contributedto declines in farmland
birds across the EU. Loss of habitat is a direct effect of intensification. Indirect effects through
changes in food availability as a result of PPP use, and sub-lethal effects on birds, have also been
found (Mackenzie, 2009).

The impact on below-ground soil organisms is even more complicated. Soil scientists have just
begun to unravel the complexfood webs of micro and macro-organismsin soil. Communities of
microorganismsin the soil can affect plant growth and interactions with above-groundherbivores.

The soil biome (or biological community) is highly complexand influenced by climaticconditions
and plant coverage (Mommeretal., 2018). Thereis growing interest in utilising soil microbiomes
to improve crop performance, for example as a means of pest control. Plant responses to
microbiomes are species-specific and emphasise the need to characterise the responses of
taxonomically diverse plant species to different microbiomes (Howardet al., 2020).

The beneficial effects ofa microbiome inoculant for one plantspecies may notbe predictive of its
capacity to improve the performance of another. The evidence on the potentialimpact of PPPs on
soil functions and soil ecosystems is not consistent (FAO and ITPS, 2017) and more insight and
data on soil ecosystem functioning is needed.

EEA monitoring dataregarding the chemical status of European waters (EEA,2018) shows that
pesticides and their metabolites cause 6.5 % of groundwaterbodies (by area)tofail in achieving
the ‘good status’ objective set in the Water Framework Directive. The monitoring data show a
reduction in pesticide contamination in surface waterover recentyears, although only a limited
number of substances were monitored.

41 http//www.eea.europa.eu/data-and-maps/indicators

42 httpsy//www.eea.europa.eu/publications/state-of-water
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More monitoring data would help to verify whether the model predictions during the risk
assessment are correct and/or risk mitigation measures areeffective (Ecorys, 2018).

Further research is necessary. Better assessment methods are needed to understand the
cumulativerisks from pesticides for populations;for diversity within and between species, and; for
relationships between species and ecosystem services.

3.7.3. PPPs and farmer behaviour and economics

Farmer behaviour

Although alternative methods have been developed, farmers continue to use plant protection
products. Lee et al. (2019) carried out a literature review of policy instruments for reducing
pesticide usein Europe. Thereview assessed the issues and discussed ways in which farmers might
be encouraged to alter theirpractices.The following paragraphsare quoted fromthe review:

“The review determined that no specific instrument is guaranteed to reduce pesticide use.
Instead, characteristics comprising an instrument were confirmed to be beneficial to reducing
pesticide use. In particular, mixes of instruments, with varying degrees of authoritative force,
applied at multiple scales with stakeholder collaboration were identified as beneficial toreducing
farmer pesticide use.”

“Despite the development and promotion of alternative methods, barriers to reducing
conventional pesticide use persist, including a lack of knowledge of alternative methods, alack of
funds, labour, time and tools andconcernsover crop yield productivity and profitability (Van Eerdt
et al., 2014; Lefebvre et al., 2015; Birch et al., 2016; Lamichhane et al., 2016b; Doonan, 2017). As a
consequence, pesticide use reduction willnot emerge spontaneously.”

“According to Runhaar et al. (2017), behavioural change by farmers depends on the extent to
which farmers are (i) enabled, (ii) legitimised, (iii) demanded and (iv) motivated to change their
behaviour towards the desired policy goals”. “The presence or absence of these four, interrelated,
factors partly is a given, and partly can be provided by instruments”

“The first factor relates to ability, such as time, skills, information or resources farmers should
possess to reduce their pesticide use aided by informationor economicinstruments (Timprasertet
al., 2014; Tey etal., 2014; Wyckhuys etal., 2018; Runhaar etal., 2017). Employing alternative crop
protection methods is more time, labour,informationand knowledgeintensivethan conventional
farming systems (Beckmann and Wesseler, 2003; Lefebvre et al., 2015).”

“The second factor relates to whetheror not using or reducing pesticide use and its consequences
is legitimised, supported or accepted by legal or socialnorms (Feola and Binder,2010; Hall et al.,
2015; Runhaar et al., 2017). Legitimacy can be enhanced by instruments such as covenants or
interactive governance arrangements (Bouwma et al., 2015).”

“Thethird factoris whether or not farmers are directly or indirectly requested to reduce pesticide
use. This can be in a negative way (e.g. NGO campaigns) or in a positive way (e.g. a consumer
demand for pesticide-free food.”

“...demand can be influenced by formal requirementsand regulations, consumerawareness and
market pressure(Runhaaretal., 2017)."
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“The fourth factor is willingness to change pesticide use and adopt alternative farming practices,
which can originate from an intrinsic motivation or an extrinsicone (commercial opportunities for
instance).”

“Thefourfactors areinterrelated.For example, the presence of ability can often enhance farmer
motivation to reduce their pesticide use as seen in an example of types of land tenures (Runhaar et
al.,2017).”

“The coupling of social, environmental and economicaims within an instrument mixis viewed to
be beneficial to reducing pesticide use (e.g. Falconer and Hodge, 2001; Archer and Shogren, 2001;
Barzman and Dachbrodt-Saaydeh, 2011). A multiple aim may appropriately consider the varying
reasons why farmers do not desire to alter their practices (e.g. Jacquet et al., 2011; Peshin et al.,
2009; Van Kasteren, 2012).”

“However, other literature has shown that farmers' ability to adopt more sustainable farming
practices (including but not limited to pesticide use reduction)is substantially limited by outside
factorsand actors,including requirements set, and prices paid by, other companies in agri-food
industry (Schoonhoven and Runhaar, 2018). This underlines that reducing pesticide use is not
always a free choice and that multiple instruments, by public and private actors, will often be
needed for effective steering towards pesticide use reductions.”

“In conclusion, four instrument mixes were reported from the review as beneficial to reducing
pesticide use; covenants and subsides; prescriptions and subsidies; prescriptions and advisory
services; prescriptions, monitoring, taxes, training and advisory services. Ineffective reports were
frequently identified regarding the sole use of regulatory based instruments, namely bans and
prescriptions.”

Economics
Few case studies of the economicloss of individual active substances have been published.

Noleppa et al., (2017) performed an ex ante study after the ban of neonicotinoids to investigate the
economic impact on oilseed rape production in six European countries®. They found that
European oilseed rape farmers would have generated an additional 400 million Euro market
revenue without the banningof neonicotinoids.

An average arable European farmer has lost an income equivalent to one week of work. The
oilseed rape sector’sincome hasdecreasedby 513 million Euro. Theseresultswere found in the
yearsimmediately afterthe ban and do notinclude the long-term effects.

Following the ban, farmers switched to pyrethroid use instead of seed treatments with
neonicotinoids. However, actions such as introducing new crops and changing crop rotations
were notincluded in the study. In future, the costs of the withdrawal of active substances should
takeinto account crop rotation effectsas well, in order to assess the economicimpact on overall
farm incomerather thanjustanindividual crop.

In contrast, a study at the farm level from France shows that low pesticide use rarely decreases
productivity and profitability in arable farms (Lechenet et al. 2017).

43 https://www.ecpa.eu/sites/default/files/documents/HFFA _Research Paper neonics_internet_protection.pdf
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The study analysed the potential conflicts between pesticide use and productivity or profitability.
Data from 946 conventional (non-organic) commercial arable farms showed contrasting levels of
pesticide use covering a wide range of production situationsin France.

In 77 % of thefarms, no conflict between low pesticide use and both high productivity and high
profitability was detected. In 59 % of the farms, total pesticide use could be reduced by 42 %
without any negative effects on both productivity and profitability.

Animportant qualifyingremark made by the studyis that the potential reduction in pesticide use
without significant productivity loss holds for farms with a relatively high pesticide usage.

3.8. Summary of the potential impacts of newand emerging crop
protection practices

Sections 3.1to 3.7 of this chapter assess seven categoriesof newand emerging crop protection
practices. Table 3 rates the potential impacts of these seven practices on a range of key
sustainability factorsfor the future of crop protectionin Europe.

Each categoryisrated onits potential to have a positive, neutral or negativeimpact on the various
sustainability factors.

Thetableis based on the informationfoundin (peer-reviewed)literature as describedin Sections
3.1 to 3.7, together with expert judgement. The weighting of the impacts should be seen as

indicative.

Table 3 Potentialimpacts of newand emerging crop protection practices

Prac
\ Mechanical Plant Biocontrol* Induced Ecological A Precision PPPs
techniques | Breeding resistance* | principles* | agriculture

Impa

Cropyield = ++ ++ + ++ ++ =
Farmer income = + = = = + =
Bioqivers ity and - - e+ - 4 + i
pollinators

Climate change - + = = + + =
Public health + + + = = + =
Food safety + + + = + + =
Food security = + = + = + =
Com petitiveness - 4+ + + - ‘e -

of EU farming

*The impact assessment s indicative, i.e. the available data and information is insufficient or inconclusive.
The impacts are rated as Positive (+ or ++), Neutral/Unknown (=) or Negative (-)

Table 3 shows that Precision agriculture has positiveimpactson all factors, with high impacts on
Crop Yield and Competitiveness. A particularly important aspect of PA, which is notevident from
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Table 3, is that its various practices have complementary effects on the other categories of
practices.

Plant breeding is positive on all factors except Biodiversity, which is neutral.

Allimpacts of Biocontrol, Induced resistance and Ecological Principles are positive orneutral; with
Biocontroland Ecological principles having high impacts on Biodiversity and Cropyield, although
theirimpacts on Farmer incomeare neutral.

Improved Mechanical techniques have small positive impacts on Public health and Food safety.
However, thereis a negative impact on Climate change dueto increasedgreenhouse gas emission
from the soiland increased use of fuels. The impact of mechanical techniques is likely to improve
in future when they are combined with precision agriculture practices.

Complementary interactions of PPPs with other new practices, particularly Precision agriculture
and improved sprayer technology, can be expected to improve application efficiency and
therefore reduce the amounts of PPPs that are applied. Furthermore,the combined interactions of
all the other new practices can be expected to reduce the overall need for PPPs inthe future and
reduce the negativeimpact on biodiversity and pollinators.

Table 4 rates the potential impact of the new and emerging crop protection practices on the
control of weeds, diseases and insects. These ratingsaim to give an indication of how well weeds,
diseases and insects can be controlled when the use of PPPs is reduced or eliminated.

Thetableis based on the informationfound in peer-reviewed literature as described in Sections
3.1 to 3.7, together with expert judgement. The weighting of the impacts should be seen as
indicative.

Table 4. Potentialimpact* of new and emerging crop protection practiceson the
control of weeds, diseases andinsects

sts
Weeds | Diseases | Insects

Practice

Mechanical techniques oo o °
Plant breeding oo XY oo
Biocontrol ° ° '
Induced resistance o oo °
Ecological principles (YY) (YY) Y
Precision agriculture (YY) (YY) Y

*The weighting of the impact should be seen as indicative.
eee high potential impact, ee intermediate potential impact, ® low potential impact,
impact.

It can be seen from Table 4 that Precision agriculture and Ecological principles havehigh potential
impacts on allthree pest groups. Plant breedingfollows with a high potentialimpacts on diseases,
and intermediate potentialimpactson weeds and insects.
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Mechanical techniques have a high potentialimpact on Weeds, but otherwisethey have no or a
very low potential impact on diseases and insects. Biocontrol and Induced resistance have
intermediate, low or no potentialimpactson weeds, but are seen as potential practices for disease
andinsect control.

Table 4 indicates that a combined approach employing most of these categories of practices is
required to provide effective control of weeds, diseases and pests with reduceduse of PPPs. The
most critical categories are Mechanical techniques, Plant breeding, Ecological principles and
Precision agriculture. Biocontroland Induced resistance maybecomeincreasinglyeffective over
time.

3.9. Conclusion on crop protection practices

The widespread adoption of alternative crop protection practices requires changes in farming
systems. Currentintensive systems are ‘high input-high output’ whereas theaim of sustainable
farming would be to produce ‘more with less’.

Despite progress in the development of alternative practices, farmers continue to have a high
dependency on crop protection products. Reduction in pesticide use will not take place
spontaneously; farmers are mostlikely to be motivated by a mixture of social, environmental and
economicaims within policy instruments (Leeetal.,2019).

New and emerging crop protection practices include mechanical techniques, plant breeding,
biocontrol, induced resistance, applying ecological principles, precision agriculture, and plant
protection products. All of these can contribute to the development of sustainable farming
systems; and the greatest impact will be seen when they are used together in the most suitable
combinations.

MacRae et al (1990) suggested three stages in the transition to sustainability: efficiency,
substitution and redesign (the ESR paradigm). Regarding crop protection practices into an ESR
context, the conclusion is that until recently focus has mainly been on increasing efficiency of PPPs
and substituting PPPs. Redesign has so far received less attention. Further steps in the transition
to sustainability will require an increased focuson systemsredesign.

Section 3.5 on ecological principles concluded that combinations of diversified and conventional
practices are likely to deliver the greatest ecological and economic benefits at farm level. These
systems are diverse, and have a natural resilience towards pests, diseases andweeds. The need for
controlwill bereduced and as aresult, the need for externalinputs as well. However, pests, weeds
and diseases willalways be attracted to crops and some form of managementwill be necessary.
Erisman et al. (2016) describe a “better balance benefits both” approach to agriculture and
biodiversity, which “provides opportunities to create a resilient system in which both food
production and nature can thrive”. An example of howa combined approach couldwork at farm
level is the Farm of the Future* (Section 3.5.1. Figure 10). However, there are considerable
challenges for developing and implementing such an approach.

Monitoring agricultural processes, including crop protection, is important for optimising
production, including risk assessmentand management. Precisionagriculture enablesmonitoring

44 www.farmofthefuture.nl
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through the use of sophisticated digital techniques, although further research is needed to
improve understanding of cumulative and combined effects (Section 3.6).

Precision agriculture benefits all sustainability factors. Its use continues to increase in conventional
farming because of the efficiency savings thatit brings. It therefore seemsalmost inevitable that its
uptake will continue, almostregardlessofthe rate of uptake of alternative practices. PA may be
easier for some (mostlylarge-scale) farmersto incorporate into their existingfarming systemsthan
some other crop protection practices.

A can beseenin Tables 3 and 4, plant breeding is a highly positive factor forimproving crop yield
and the competitivenessof EU farming. However,the contributionto competitiveness willdepend
on the relevant legal permissions to use new breeding techniques inside and outside the EU.
Greater restrictions within the EU could put EU producers at a competitive disadvantage
compared to producers elsewhere.

Biocontrol (along with ecological principles and precision agriculture) is one of just three practices
showing the potential to make a positive contribution to biodiversity. It also shows a high
potential forimproving crop yields and shows positive impacts for publichealth and food safety.
However, it may be costlier to use than conventional pesticidesand there are currently a number
of barriers limiting uptake worldwide.

The challenge is to integrate the new varieties, mechanisation, and biocontrol tools in new
cropping systems that are enabled by precision agriculture technologies, such as autonomous
robots, sensing devices and decision support tools. Breeding programstake at least 10to 15 years,
the development of a biocontrol agent takes 5-10 years, and designing diversified cropping
systems including addressing underlying research questions, will all take significant time.
Continuous development of all crop protection practices is needed to betterdisruptthelife cycle
of pests, diseases and weeds, and to improve non-chemical controlmethodsand application of
chemical control using intelligent application technologies adapted to local circumstances,
including the knowledge and skills of operators.

As explained in Section 3.7.3, farmers face a number of barriers to reducing their use of
conventional pesticides;they will not give them up spontaneously. Behavioural change by farmers
depends on addressing a numberofinter-relatedinternaland externalfactors. Chapter 4 discusses
ways to initiate and facilitate such change.
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4. Drivers and enablers for implementing alternative crop
protection practices

This chapter describes drivers and enablers for implementation of alternative crop protection
practices —drivers trigger change, enablersfacilitate change.

The main aim for implementing alternative crop protection practices is to enable European
farmers to work in a sustainable manner while securing overall food production, preserving
biodiversity and supporting theirincomes.

Asitis farmers who implement crop protection practices, this chapterfocuses mainly on actions to
encourage them to adoptalternatives. Section3.7.3 explains how behavioural change dependson
farmers being sufficiently enabled, legitimised, demanded and motivated. When choosing the
most suitable actions, or combinationsof actions, it is necessary to consider thesefactors, as well
as the social, environmental and economic characteristics of the farmers being targeted.

A list of actions grouped under the social, environmental and economic contexts is presented
below. The actions may be drivers or enablers. Notethat some actions may address more than one
context:

Social context
Social drivers

& Social events help to foster relationshipsand co-operation between farmers. Farmers
learn from their peers. Discussion groups,overseen by a facilitator have provento bea
satisfactorymethod. Demonstrationfarmsand focus farmershave a key role in this
process. Participatory budgetingcould be a strategy to foster co-operation.

% Farmers’ associations can be very influential. Trade journals published by farmers'
associationsare a goodinformationsource for farmers.Otherways of informingfarmers
may include the local mayor’s office, rural fairs and agricultural shows.

% Engagement of young farmers (including at schoolor university) isimportant. In order
to enableyoung farmersto adopt new crop protectiontechniques, they should be
integrated into both the practice and theory of their studies at an early stage. Young
people are often more flexible and open to newideas than their elders.

Social enablers

& Support from training and advisory services, such as those plannedin the SUD
(Sustainable Use Directive) — Directive 2009/128/EC.

% Multi-stakeholder action involves government,farmers, researchersand markets — with
interactivity between publicand private sector views (Lee et al., 2019). This type of
approach takes intoaccount:the multi-faceted nature of the challenge (i.e. the social,
environmental and economic contexts); the effects of geography and time-scale on
stakeholder decisions; and the different and often contrasting interests and objectives of
thevarious stakeholders.

% Avalid ‘innovation broker (often a team of trained experts) is crucial for the
implementation of multi-farmer participatory approaches. Although innovationin crop
protection has significant policy relevance, innovation brokerage (i.e. extension services),
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has been delegated by governmentsto the private sectorin most European countries.
There areargumentsfor restoring the link between public policies and on-farm practices.
The future EU Common Agricultural Policy (CAP) gives Member States more opportunities
to strengthentherole of AKIS (Agricultural Knowledge and Innovation Systems)* to link
public policies and on-farm practices.

% The use of mobile phones and social media for fast and widespread dissemination of
informationis an increasingly important way for farmersto keep up-to-date on
developmentsin alternative crop protection practices.

Environmental context

Environmental drivers

% Ananalysis of potential conflicts with EU regulations concerning the introduction of
new crop protection measures is required to remove any unsubstantiated barriers to their
use.Oneissue concerns the regulationof new plant breeding techniques. Therearealso
some pesticide regulations (e.g. safe dosage levels) that may need to be updatedto take
into account the more accurateapplicationsthat can be achieved with new precision
agriculture techniques.

% Ananalysis and possible review of risk assessment for crop production may be required
to take into account advancesin crop productionand crop protection. There is a need for
analysis of the effects of policy and regulatory changesfollowing from:

o TheEuropean Green Deal*andthe Farm to ForkStrategy®

o Thefuture CAP

o Financial support conditions

o Revision of EU legislation

% Activation of existing local farmer networks to test ways of enhancing diversity in field
crops for protecting and enhancing biodiversityin arable systems. This involves assessing
thefunctional diversity (i.e. those components of the ecosystemthathave mostinfluence
on biodiversity). Such projects could list and communicate locally adapted good practices
to maintain or increase biodiversityin arable crops.

% An analysis of potential risks of biocontrol tools and techniques for producthandling is
needed to assess and remove potential barriers. Biocontrolagentsare regarded as natural
and, in general, areregardedas less harmfulfor the environment and human health.
However, they may be harmful, and they need to be subject to careful review. Thereis a
need forrisk assessmentschemesthat aid and speed up the review process for biocontrol
products.

Environmental enablers

% Involving local farmers in testing new technologies for precise weed, pest and disease
control.Involving farmers in testingnew machineryallows them to try outrelatively
expensive machines under their own conditions.The farmersare then able to share their
experiences with other farmers in the area. Similarly, farmers would benefit from being
involved in testing new biocontrol techniques. However, as biocontrol testing maytake

45 www.proakis.eu.
46 https://ec.europa.eu/info/strateqgy/priorities-2019-2024/european-green-deal _en

47 https://ec.europa.eu/food/farm2fork_en
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severalyears and mayresultin lower yields, it would be reasonable to expect that farmers
would receive financial compensation for any losses theyincur compared to their
conventional techniques.

Participatory projects enable farmers to becomeinvolvedin theintroduction of new
crop varieties, mixtures and cultivationtechniqueswith the help of experts, for example:

o Developing local strategies for cover cropping. This would involve farmers and
experts identifying the most promising species (and mixtures), along with the most
suitable cultivation methodsand programmes for the locality.

o Developing local strategies for intercropping. In this case, farmers would work with
experts to identify the most promising crop/intercrop combinations and
cultivation methodsfor the local conditions, takinginto accountmarket demands.

Economic context

Economicdrivers

©

Possible dietary changes by European citizens (see Section 2.7) would have major
impacts on the demand for various foodsand stimulatechangesin agricultural systems
and supply chains.

Informing farmers on the limitations of existing technology and machinery on farms,and
the benefits of newtechnologies. Considerations would include assessing the degree of
obsolescence of current technologiesand machinery, and comparing with the investment
costs and thereturnsfrom upgrading. The assessment would take into accountboth
immediate gains and long-termimpacts.

Analyses of the profitability of alternative crop protectionstrategies compared to the use
of agrochemicals - at both micro-economic (farm level) and macro-economic (regional,
nationaland Europeanlevels) - are needed to give usefulinformation for guiding future
actions.

Economicenablers

%
%

Training and qualification of farmers and contractors to improve their skills.

Education of farmers on the sustainability benefits and incentives of EU initiatives
including:

o TheEuropean Green Deal*®andthe Farm to Fork Strategy®
o Thefuture CAP

o Financial support conditions

o Revision of EU legislation

Co-design groups provide a participatoryapproach involvingfarmers, researchers,
industry, advisersand otherstakeholdersin the design of alternative farming systems. A
participatory approach allows farmers to discuss and learnfrom peersand other
stakeholdersunderexpert guidance.The new designs can beimplemented on local farms
to suitlocal conditions and marketdemands. This is a way of enhancing regional
agroecological support which, together with supportfrom an expansion of public

48 https://ec.europa.eu/info/strateqgy/priorities-2019-2024/european-green-deal _en

49 https://ec.europa.eu/food/farm2fork_en
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advisory services, would help to mitigate the financial risks taken by farmers embarking on
such major changes.

The use of certification schemes concerning the traceability of farm productsand
registration of crop protection measures, which cater to consumer expectations and are
enforced by retailers or traders.Product Marketing Organisations will be stimulated under
the new CAPand may havearolein supportingfarmers with such registrations.

Enable the insurance for financial losses in case of yield losses stemming from
reduced/alternative crop protection applied by of contractors

Adopting alternative farming practices to improve biodiversity may make it useful for
farmers to keep records of their field activities in a field passport. It could be helpfulto
have a history of biodiverse practices when buying or selling land.
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5.Key legislation relevant to current and possible
alternative crop protection practices

5.1. Introduction

The European Parliament hasrequestedto provide themwith policy options which can support
farmers in developing their future crop protectionstrategy. We look forward to 2050 and take all
existing and emerging techniquesin crop protectioninto account.The extentto which the crop
protection techniquesare desiredis a politicalissue and will therefore be ignored by us.

When putting policy options into practice, we have to deal with EU legislation. Therefore, we
review relevant directives and otherEU legislation with consequencesfor crop protection on sodal
and economic impacts of existing and emerging crop protection practices. We will consider the
emerging crop protection techniques as elaborated in the section 3.1 to 3.7 of this report. With
respect to theimpact assessment, we put the farmerand the growerin the centre of our analysis
and assess what the consequences are of the existing legislationfor the crop protection measures
he can apply, and what the consequentialimpact on costs, yield and farm incomeis.

Section 5.2. describes the legislation. Section 5.3. analyses the legislative consequences for the
alternative crop protection practices outlined in Sections 3.1-3.7 of this report. Section 5.4 briefly
summarisesthe regulatory issuesarising fromalternativecrop protection practices.

5.2. EU legislation with relevance for crop protection

5.2.1. Regulation (EC) 1107/2009 and Regulation (EC) 396/2005

Regulation (EC) 1107/2009 (the PPP Regulation) “lays down rules for the authorisation of plant
protection products in commercial form and for their placing on the market, use and control
within the Community”.

“The purpose of this Regulationis to ensure a high level of protection of both human and animal
health and the environment and to improve the functioning of theinternalmarket through the
harmonisation of the rules on the placing on the market of plant protection products, while
improving agricultural production.”

Regulation (EC) 396/2005 (the MRL Regulation) establishes “in particularthe need to ensure a high
level of consumer protection and harmonised Community provisionsrelatingto maximum levels
of pesticide residues in or on food and feed of plant and animal origin”.

Both regulationscover chemicaland non-chemical PPPs.

Both regulations have been extensively evaluated in 2018 (Ecorys, 2018) as part of the EU
Regulatory Fitness and Performance programme (REFIT)*. With respect to the impacts, this
evaluation draws important conclusions:

1. Regulation (EC) 1107/2009 contributes to the protection of both human health and the
environment.

50 https://ec.europa.eu/food/plant/pesticides/refit_en
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2. Regulation (EC) 396/2005 ensures a high level of consumer protectionandfacilitates the
functioning of theinternal market.

3. However, several provisionsof the two Regulations have yet to beimplemented or fully
enforced. Delays in the assessmentof active substances mean theyare often not evaluated
satisfactorily in the light of the latest scientificand technical knowledge (see below).

4. Several stakeholders complain that the competitiveness of EU agriculture is negatively
affected by the legislation (especially Regulation (EC) 1107/2009) due to a reduced
availability of PPPs. However, this claim is not supported by the quantitative evidence. The
complaints can be explained by concerns relating to foreseen negative effects of the non-
approval of several substances currentlyin use.

5. Setting MRLs can create non-tariff trade barriersif the MRLs in theEUaremore stringent
thanin countries that exportto the EU. Despite concerns ofimporters, thereis no evidence

that MRLs inthe EU are more stringentthanin othercountries.

There are, however, important issues regarding the two Regulations that affect the regulatory
system. As the Ecorys (2018) reportcomments:

“Several provisionsof the two Regulations have yet to be implemented,and several others
cannot be fully enforced. This creates obstacles to ensuring a high level of protection for
human and animal health and the environment. Active substances and PPPs are not
assessedin atimely manner and,therefore, are often not evaluatedsatisfactorily in light of
the latest scientific and technical knowledge. Delays lead to uncertainty and
unpredictability. This hindersinnovationand affects the capacity of the sector, particularly
SMEs, to replace hazardous substances with either othersubstances oralternative methods.
Thelack ofinnovative solutions mayhave a negative effect on the objectivesof improving
agricultural production and safeguardingthe competitiveness of the Europeanagriculture.”

Commission Staff Working Document COM (2020) 208 Final points out that the number of
emergency authorisations for PPPs (see Section 2.2.2) has increased since the PPP Regulation
entered into force (in 2009). It seems that emergency authorisationsare often misused by Member
States to overcome procedural delays in the regular authorisation process and increase PPP
availability. The Working Documentsstates:

“The mainissues that contributedto the increase have been identified as follows:

- emerging new pests for which the submission and evaluationofapplications
forregular authorisationstakes some time;

- the loss of a number of pesticides with widespread use which have to be
replaced by several PPPs containing different active substances;

- lack of applications for authorisations of PPPs for minor uses or small markets,
such asthe northernzone;

- proceduraldelaysin granting zonal or national authorisationsor in the mutual
recognition of authorisations.”

5.2.2. Directive 2009/128/ EC
Directive 2009/128/EC (the Sustainable Use Directive or SUD):
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“establishes aframework to achieve a sustainable use of pesticides by reducingtherisksand
impacts of pesticide use on human health and the environmentand promoting the use of
integrated pest management and of alternative approaches or techniques such as non-
chemical alternatives to pesticides.”

It is not likely thatimplementationof the SUD has resulted, norwill result, in significantimpact on
yield, costs, farmer income or competitiveness, for the following reasons:

Firstly, the SUD contains requirements for Member States and notfor individual farmers.

Secondly, the IPM principles are framed within economic guidelines, since they allow the use of
pesticides as a last resort to prevent unacceptable losses.

It could be that banning the use of specific pesticides in vulnerable areaswould cause differences
in competitiveness between farms within and between Member States. However, this has not
been reported in an evaluation study conducted by the European Parliamentary Research Service
(EPRS), (Remag, 2018).

5.2.3. Directive 2001/18/EC

Directive 2001/18/EC (The GMO Directive) concerns the deliberate release into the environment
(including placing on the market) of genetically modified organisms.

The Directive “provides that GMOs must be authorisedfollowing an assessmentofthe risks which
they present for human healthand the environment and also makesthem subject to traceability,
labelling and monitoringobligations” (European Court of Justice, 2018b).

New techniques in plant breeding, particularly directed mutagenesis (see Section 3.2) have called
into question whether the GMO Directive should be updated to reflect the new technologies.

In July 2018, the Court of Justice of the European Union decided that all organisms obtained by
mutagenesis (including new mutagenesis techniques) are genetically modified organisms within
the meaning of Directive 2001/18/EC, and they are therefore subject to the obligations laid down
by the Directive.

However, the Court observed that “recital 17 states that ‘this Directive should not apply to
organisms obtained through certain techniques of genetic modification which have
conventionally been used in a number of applicationsand have along safetyrecord”.

The scientific perspective has been presented in a statement from the European Commission
Group of Chief Scientific Advisors (EuropeanCommission, 2018)°', which concludes that “the GMO
Directive should berevised to reflect current knowledge and scientificevidence,and as part of a
broad dialogue with relevant stakeholders and the publicatlarge.”

The Scientific Advisors point out that new gene-edited techniques are potentially safer than
random (conventional) mutagenesis, as unintended effects will occur less frequently in gene-
edited products.

51 https://ec.europa.eu/info/news/commissions-chief-scientific-advisors-publish-state ment-requlation-gene-editing-
2018-nov-13_en
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In legal terms, the products of gene editing can be authorised in the EU according to the GMO
Directive. However, this can be a costly and time-consuming process, which may diminish
incentives for investment and limit their commercialisation.

Takinginto account the situation and the potential of gene-edited crops, the Advisors made the
recommendation to revise the GMO Directive. Acknowledging the strongly held views on the
regulation of GMOs, they also urged a dialogue with relevantstakeholdersand the general public.

5.2.4. Directive 2000/60/EC and Council Directive 98/83/EC

The Directive 2000/60/EC (the Water Framework Directive or WFD) contributes to the provision of
the sufficient supply of good quality surface water and groundwater, and a significant reduction in
pollution of groundwater (among other things).

Council Directive 98/83/EC (the Drinking Water Directive or DWD) sets the essential quality
standards for water intended for human consumption. The Directive obliges Member States to
monitor the quality of water for human consumption. The DWD also sets maximum concentration
levels for pesticides found in drinking water.

The DWD was evaluated in 2016. The evaluation reported thatthe DWD has not been effective in
reducing pollution of drinking water with pesticides (Klaassenset al., 2016). However, the report
contains no information on the costs of measurestakenby farmers and/orimposed by Member
States to reduce pesticide contamination of drinking water sources. Therefore, there is no
indication whether the DWD leads to additional costs for farmers.

5.2.5. Regulation (EC) No 1272/2008

Regulation (EC) No 1272/2008 concerns the classification, labelling and packagingof substances
and mixtures. No relevant information has been found regarding the impacts of this Regulationon
costs, yield and farmerincome.

5.2.6. Regulation (EC) No 1185/2009

This regulation contains requirements for Statistics on Pesticides. No relevant information has
been found regarding theimpacts of this Regulation on costs, yield and farmerincome.

5.2.7. Directive No 2009/127/EC

Directive 2009/127/EC amends Directive 2006/42/EC with regard to machinery for pesticide
application. It specifies requirements for the use of machines applying pesticides against pests,
diseases and weeds. The requirementsare designed to protect bothhumanhealth (applicants and
bystanders) and the environment.

No relevantinformationhas been found with respect to impactson costs,yield or farmer income.

5.2.8. Commission Implementing Regulation (EU) 2016/673 amending
Regulation (EC) No 889/2008

Commission Implementing Regulation (EU) 2016/673 amending Regulation (EC) No 889/2008 lays
down detailed rules for the implementation of Council Regulation (EC) No 834/2007 on organic
production and labelling of organic products.
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The Regulation lays down detailed production rules for seaweed. No relevant information has
been found with respect to impacts on costs, yield or farmer income.

5.3. Regulation of possible alternative crop protection practices

This section discusses the regulation of possible alternative crop production practices (as
described in Sections 3.2t0 3.7).

5.3.1. Mechanical techniques

In section 3.2it is argued that the shift from the use of herbicides to mechanical weeding can have
impacts on soil dwelling insects and on nests of birds. There is no specific EU legislation that
protects soil and soil life from mechanical techniques.

Directive 92/43/EEC protects natural habitats; but most farmland is not considered as natural
habitatand is therefore outof scope of the Directive.

Directive 2009/147/EC requires Members Statesto takemeasuresregarding the conservation of
wild birds, including the birds, their eggs, nestsand habitats. It can be anticipated that precision
technology can make a positive contribution to bird conservation.

5.3.2. New plant breeding techniques

The legal situation concerning Directive 2001/18/EC and the need to update it is explained in
Section 5.2.3.

Currently, no gene edited crops are ready for commercialisationin the EU. However, economists
calculate that the costs of refraining fromthe use of gene editing can be considerable.

For example, China approved Bt rice in 2009 but has not yet cultivated it; this delay was estimated
to have cost USD 12 billion (Jin etal., 2019).

Areport for the Netherlands Commission on Genetic Modification (COGEM) commented on the
current situation in the EU: “There are indications that this loss of perspectivemay lead to reduced
possibilities for research funding. It may also lead to loss of practical interest amongst plant
breeders and ultimatelyto loss of the technical know-how in the EU">2,

Farmers need robust andresilient crop varieties to cope with future challenges - including climate
change, and new and emerging pests and diseases - and to reduce their dependency on
pesticides.

Advances in plant breeding therefore remain central to the futureof crop production, regardless
of the techniques used. Integration of different crop traits such as drought or heat resistance,
carbon sequestration, and pestand disease resistance is needed to meet future demands.

However, realising the potential of new techniques within the EU depends on EU legislative
decisions. In other parts of the world, these innovations will be applied in agriculture (Buckwell,
2020).

S2https://cogem.net/app/uploads/2020/03/CGM-2020-03-ECGE-Eindrap port-uitspraak-europees-Hof.pd f

77


https://cogem.net/app/uploads/2020/03/CGM-2020-03-ECGE-Eindrapport-uitspraak-europees-Hof.pdf

STOA | Panel for the Future of Science and Technology

In a Briefing for the European Parliament, the European Parliamentary Research Service (EPRS)
(Laaninen, 2019%%) summarised the EU debate on regulating the new techniques:

“Those who take the view that the new techniques should be exempt from GMO legislation
generally argue that the end product is very similar to products generated using
conventional breeding techniques, or thatsimilar changes could also occur naturally. Those
who consider that the new techniques should fall within the scope of GMO legislation
contend that the processes used mean that plantsbred usingthe new techniques are in fact
genetically modified.”

Regarding this debate, the European Commission Group of Chief Scientific Advisors (European
Commission, 2018) pointed out that “The GMO Directive refers to boththe process used in genetic
engineering and the product resultingfrom the use of such techniques (Abbott, 2015)".

When determining the safety of a GMO product, the Advisors argue thatits risks:

“should be assessed in the same way independently of whether they are produced by
conventional breeding techniques, random ordirected mutagenesis, or by ETGM”>*,

The Advisors go on to conclude from this that:

“theregulatoryframeworkfor GMOs should put much more emphasis on the features of the
end product, rather than on the productiontechnique.”

The level of competitive disadvantage thatwould resultfrom a European reluctance to apply new
breeding techniques would depend on the willingness to create non-tariff trade barriers on
imported plant products which result from breedingtechniques not permitted in the EU.

5.3.3. Biocontrol agents

Theregistration of microbial biocontrolagentsis subject to criteria laid down in Regulation (EC)
1107/2009.

Registration of invertebrate biocontrol agents is subject to the national law of Member States
(Buckwell et al, 2020).

Thereis a risk that non-indigenousbiocontrolagents importedinto the EU may become invasive
alien species threatening plant healthand/orbiodiversity. Such biocontrolagents are subject to
risk assessment under Regulation (EU) 1143/2014 on the prevention and management of the
introduction and spread of invasive alien species, or under Regulation (EU) 2016/2031 on
protective measuresagainst pestsof plants.

Among thelimitationsto the uptake of biocontrolagents, Barrett et al. (2018) report “risk averse
and unwieldy regulatory processes; increasingly bureaucratic barriers to access to biocontrol
agents”. This subject was debated in a workshop organised by EPPO and COST (European

53 https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/642235/EPRS BRI(2019)642235 EN.pdf.

54 ETGM: established techniques of genetic modification
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Cooperation in Science and Technology. A harmonised, and consistent legal approach is
recommended to enhance the adoption and application of biocontrol agents.

5.3.4. Induced resistance

This review did not find any negative impacts fromthe use of substancesto induceresistance (see
Table 3 in Section 3.8),and there are no regulatoryrequirements specifically concerning induced
resistance.

5.3.5. Applying ecological principles to increase plant diversity

There are no regulatory requirements specifically concerning the application of ecological
principles to increase plant diversity.

5.3.6. Precision Agriculture

A Scientific Foresight Unit (STOA) study (Kritikos,2017) analysed the suitability of the EU legal and
policy framework to deal with the legal, social and ethical considerations raised by the
development of precision agriculture.Relevant pointsraised by the study aredescribed below:

The main challenge is to develop a framework that can cope with the potential threats to the
privacy and autonomy of individual farmersin a pragmatic, inclusive and dynamic manner.

The study noted that the uptake of precision agriculture techniques can lead to a significant
changeinthe power division in the agricultural sector:

“Due to the scale, technical complexity, and infrastructural requirements of precision
farming, uptake of precision agriculture might lead to a reliance of the vast majority of
farmers on off-farm service support, to a rapidly growing digital division betweensmall and
big farmers, and significant power shifts. These can in turn lead to potentialabuses of data
by agricultural commodity markets or manipulation by major multinationals because small
farmers might lack the investment capital or knowledge to acquire precision agriculture
technologies, which in effect may signal an unprecedented power shift in the industrial
farming process.”

Farmers need supportin understanding their position in the digitalenvironment, in accordance
with the CAP objectives: to ensure a fair income to farmers, and; to rebalance the power in the
food chain.

Farmers need to have access to the benefits of sharing the datathey generate.Theadministrative
burden can bereduced by the development and implementation of betterinformation systems,
enhancing the use of data interchange standards, and clear management systems.

If implemented well, data exchange and analysis can contribute to the transition to sustainable
agricultural practices. The study points out the benefit of applying plant protection products
under IPM to optimise cost-efficient production.

Shttps//www.eppo.int/media/uploaded images/MEETINGS/Meetings 2015/budapest/05 Ward.pdf
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5.3.7. PPPs

PPPs will continue to be needed for crop protection for the foreseeable future.The necessity for
their regulation will mean continuousupdating of EU legislation.

Regulation (EC) 1107/2009, Regulation (EC) 396/2005 and Directive 2009/128/ECwill remainatthe
core of thelegal framework regarding PPPs.

Increased application of biocontrolagentsand naturalenemies will need investment in training of
farm managers, advisory servicesand also in data-based decision supportmethods.

However, there will still be pests, weeds and insects that cannot be treated with alternative
methods. There will therefore continue to be a need for synthetic PPPs, which will ideally be very
specific so as to minimise disturbance to the ecological balance of the diversified systems.

5.4. Summary of regulatory issues

Adoption of the alternative crop protection practices described in this chapter raise regulatory
issues, mainly with regard to:

- new plant breeding techniques (revision of Directive 2001/18/EC);

- the registration of microbial biocontrol agents (Regulation (EC) 1107/2009,
Regulation (EU) 1143/2014, Regulation (EU) 2016/2031);

- privacy and autonomy issues regarding precisionagriculture, which are covered by a
number of regulations (see Kritikos,2017);

- continuous updating of EU legislation regarding plant protection products
(Regulation (EC) 1107/2009, Regulation (EC) 396/2005 and Directive 2009/128/EC).
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Annex. EU geographicalzones

Annex 1 shows the main crops grown in the three EU geographical zones: North, Central and
South. The zones and the Member States (EU-27) belonging to each are shown in Table I-1 and
Figurel-1.

European agricultureincludes a wide range of farm typesand sizes, crops, livestock and farming
practices. Regional differences in geography influence the development of crop protection
practices and the applicability of specific practices at the local level. The continuing developments
in crop protection need to take into account these regional differences.

Naturalfeatures affectingagricultural production include latitude, altitude, topography, soil type
and climate. These factors influence the type and variety of crops grown and their yields,as wellas
the occurrence of pests, diseasesand weeds. Natural featuresmay influencefarmand field sizes,
which are important factors with respect to the selection and use of farm machinery and
equipment used for crop protection.

The geographical zones are used for assessment of the main crops grown, determining crop
protection strategies, and the registration of crop protection products.

Table I-1: EU geographic

zones and their Member Figure I-1: EU zones used for the assessment of the main

States (EU-27) crops and crop protection strategies. UKis notincluded in
theanalysis.
Denmark  Belgium Bulgaria EPPO Countries and EU Authorization Zones
Estonia Germany Cyprus
Finland Hungary France
Latvia Ireland Greek
Lithuania Luxembourg Italia
Sweden  Netherlands Croatia
Austria Malta
Poland Portugal
Slovenia Spain
Slovakia
Czech Republic
Romania
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The following sections show the cultivated areas of arable crops; vegetable crops; fruits, berries

and nuts;and grapes and olives in the three EU zones.*® Cultivation areas are expressed in 1 000
ha.

Table -2 shows the total area of the different crop categories per zone and percentage. Temporary
grasses and grazing are included in this table for completeness butare not further elaborated.

Table I-2: Cultivated area of crops (1000 ha)

North Central South
(:\:)e: 0 Area Area Area (:\:::)ao Area
(%) | (1000 ha) (%) (%)
ha) ha)

Arable crops 7556 | 74% 29127 93 % 43780 66 %
Vegetables 66 1% 535 2% 1426 2%
Fruits, berries and 38| 04% 350 1% 2836 4%
nuts
Grapes 0.05 0% 429 1% 2705 4%
Olives 0 0% 1.3 0% 5092 8%
Temporary grass and 2534| 25% 958 3% 10373 16 %
grazing
Total 10194 | 100% 31300 100 % 66213 100 %

Cultivated areas of arable crops perzone

Arable crops make up 74 %, 93 % and 66 % of the total cultivated area in each of the EU zones
(Tablel-2).

Major cereal crops grown in the EU North zone include wheat and spelt (average yield 4.1 t/ha);
barley (3.5t/ha); oats (2.6 t/ha) and triticale (3.2 t/ha).

Major cereal crops grown in the EU Centralzone include wheat and spelt (average 5.8 t/ha); grain
maize and corn-cob-mix (8.0 t/ha); barley (5.4 t/ha); triticale (4.9 t/ha) and oats (3.4 t/ha).

56 Data sourced from the EUROSTAT apro_cpsh1 database and combined for all MS in a zone. Data is from 2018. Missing
data is replaced with data from 2015. Data accessed on 23 April 2020. Some crops are combined into one group, for
example cerealsisone group of several cereal species.
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Major cereal crops grown in the EU South zone include wheat and spelt (average 5.8 t/ha); barley
(4.4 t/ha); grain maize and corn-cob-mix (8.8 t/ha); triticale (3.4 t/ha); oats (2.6 t/ha) and rye (2.5
t/ha).

Major oilseed crops in the EU North zone include 475 000 ha winter rape and turnip rape seeds
(average 2.6t/ha)and 218000 ha spring rape and turnip rape seeds (1.5 t/ha).

Major oilseed crops in the EU Central zone include sunflower seed (average 3.0 t/ha), soya
(2.7 t/ha)and rape seed. Rape seed includes 2802 ha winter rape and turnip rape seeds (3.0 t/ha)
and 23 000 ha spring rape and turnip rape seeds (2.1 t/ha).

Major oilseed crops inthe EU South zone include sunflower seed (average 3.0t/ha), soya(2.7t/ha)
andrape seed.Rape seed includes 2753 million ha winter rape and turnip rape seeds (3.0t/ha) and
43 000 ha spring rape and turnip rape seeds (2.1 t/ha).

In the North zone, maize is mainly produced for silage (greenmaize, average 47.1 t/ha).
In the Centraland South zones, grain maize is the predominate type (grain maizeand corn-cob-
mix, averageyield 8.0and 8.8 t/hain Centraland South zones respectively). Other types of maize

include seed, sweet maize and maize production for agro-fuel or gas.

EU North zone

Cereals for fodder (305)

.

Rape seeds

R Green maize for fodder (261)

Broad and field beans (195)
Field peas (184)

Other (1451) Rye (183)

Potatoes (129)

Leguminous plants for fodder (1:

I sugar beet (90)

Triticale (88)

\ Minor crops (204)

Source: EuroStat (apro_cpshi)

Figurel-2: Arable crops grown in EU North zone (1000 ha)
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EU Centralzone

Rape seed

(2829) Sunflower seed (1755)

i

Leguminous plants for fodde
(1541)

Potatoes (763)

Sugar beet (721
Other (5726) ugar beet (721)

@

Source: EuroStat (apro_cpshl)

Triticale (645)

Oats (427)

Soya (386)
Field peas (251)

\ Minor crops (992)

Figurel-3: Arable crops grown in EU Centralzone (1000 ha)

EU South zone

Green maize for fodder
(2737)

Leguminous plants for

fodder (2390)

___Sunflower seed (2271)
S =

Grain maize and corn-cob-mix (3885) Rape

N

seeds
(2796) Triticale (1869)

Oats (1399)

Rye (1094)
Sugar beet (810)

Other (10483) Potatoes (670)
Soya (567)
Rice (423)
Field peas (394)
Minor crops (3256)
_

Source: EuroStat (apro_cpshi)

Figurel-4: Arable crops grown in EU South zone (1 000 ha)
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Cultivated areas of vegetable crops per zone

Vegetable crops make up 1 %, 2 % and 2 % of the total cultivated area in each of the EU zones

(Tablel-2).

The figures below show the open field cultivated area (1 000 ha) of vegetable crops in each zone.

North zone-vegetables

_____ Cabbages (5)

~___ Beetroot (4)

.

Onions (6)

Lettuces (3)

Cucumbers (2)
Other (16)

Minor vegetables (8)

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

Figurel-5: Vegetable grown crops in EU North zone (1 000ha)

Cauliflower and broccoli (3)
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EU Centralzone-vegetables

Tomatoes (30) Fresh beans (26)

Asparagus (30)\ \
.(

Strawberries (24)
Watermelons (23)

Cauliflower and broccoli (23)

Chicory (17)
Lettuces (15)
Peppers (capsicum) (14)

Other (235) Spinach (13)

Minor vegetables (106)

Onions (78) /

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

Figure I-6: Vegetable crops in EU Central zone (1000 ha)
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EU South zone-vegetables

Watermelons (51) Peppers (capsicum) (42)

/_ Cabbages (41)
Garlic (38) Courgettes and marrows (38

Asparagus (30)
Spinach (26)
Chicory (25)
Cucumbers (23)
Beetroot (17)
Eggplants (16)

Fresh beans (68)_> Other (388)

Fresh peas (84)\

Artichokes (63)

Muskmelons (65)

Lettuces (65)

Strawberries (68) _/

Leeks (15)
Endives (13)
Celeriac (11)

Minor vegetables (160)
Onions (88) ——

\

Cauliflower and broccoli (97)

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

Figurel-7: Vegetable crops in EU South zone (1 000 ha)

Cultivated areas of fruits, berriesand nuts per zone

Fruits, berries and nuts occupy 0.4 %, 1 % and 4 % of the total cultivated area in each of the EU
zones (TableI-2).

The figures below show the cultivated areas (1 000 ha) of types of fruits and berries in the three
zones.

The average yield of apples for fresh production for each zone is: North, 17.0 t/ha; Central, 26.6
t/ha;and South, 68.3 t/ha.

Blueberry production is mainly concentrated in Germany, Poland,France, the Netherlands, Italy
and Spain. Average yields of blueberries in the three zones is: North, 1.2 t/ha; Central, 5.5 t/ha;
South, 5.7 t/ha.

Average yield of blackcurrants in the three zones is: North, 1.1 t/ha; Central, 4.3 t/ha; South, 3.5
t/ha.

By far the largest producerofblackcurrantsin the EUis Poland.
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4

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

Raspberries (2,3)

Pears (1,5)

-
- Cherries (1’5)

Plums (1,0)

Other (9,1)

Minor fruits, berries and nuts (6,0)

Figure I-8: Fruits, berries and nuts in EU North zone (1 000 ha)

Plums (82)
Pears (30)
Apricots (9)
Other 81
I s 9
[ currants (6)
I Blueberries (5)
Minor fruits, berries and nuts (15)

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

|

Figure I-9: Fruits, berries and nuts in EU Central zone (1000 ha)
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Chestnuts (130) Hazelnuts (logélementines (108)
Cherries (138)

Pears (84)
Yellow lemons (78)
-—/77_ Walnuts (72)
Plums (71)
_ Nectarines (64)
Apricots 63

Other 734

Peaches (143)

Navel oranges (201)

Apples (338) Minor fruits, berries and nuts 463

Almonds (774)

Source: EuroStat (apro_cpsh1). Accessed 18 March 2020

Figure I-10: Fruits, berries and nuts in EU South zone (1 000 ha)

Cultivated area of grapesand olives perzone

Grapes and olives are mainly cultivated in the Centraland South zones of the EU. Vegetable crops
make up 0%, 1 % and 12 % of the total cultivated area in each of the zones (Table I-2).

The majority of grapes are produced for wine, table use or raisins.

The cultivation of grapes in the North zone comprises 50 ha, which are for the production of wine.
No olives are cultivated in the North zone.

In the Centralzone, 429000 ha of grapes are cultivated, of which 419000 ha are for wine, 9 000 ha
fortable use,and 1 000 hafor other purposes. Grape production occupiesabout 1% of the overall
cultivated area. Olives are cultivatedon 1300 ha and all production is for oil, with an average yield
of3.0 t/ha.

In the South zone, 2.7 million ha of grapes are cultivated, of which 2.6 million ha are for wine,
87 000 ha for table use, and 25 000 ha for raisins. The grape cultivation area is about 4 % of the
total cultivated area in the zone. Olives are cultivated on 5.1 million ha, of which 4.8 million ha is
for oil and 311 000 ha for table use. The average yield is 2.7 t/ha. Olives occupy about 8 % of the
cultivated area.

Averageyields of grapes for winein the three zones are: North, 1.2t/ha; Central, 8.7 t/ha; South,
8.5 t/ha.
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Crop protection in prevailing agricultural systems in the
European Union is highly dependent on plant
protection products (PPPs) to protect plants against
harmful weeds, pests and diseases. The use of PPPs is a
cause of health, environmental and public concerns,
and a key question is whether their use can be reduced
while maintaining adequate yields.

This study provides an overview and description of
current and new crop protection practices, including
mechanical techniques, plant breeding, biocontrol,
induced resistance, applying ecological principles,
precision agriculture (PA), and emerging plant
protection products. The potential and impact of the
new crop protection practices is assessed.

It may be feasible to design resilient systems that are
economically viable, have limited environmental
impact and help improve biodiversity. Diverse cropping
systems would have a natural resilience to weeds, pests,
and diseases, and potentially reduce the dependency
on PPPs, enabled by PA technologies. The main
challenge is to integrate new varieties, mechanisation,
and biocontrol tools in these systems. Continuous
development of all crop protection practices is needed
to ensure sufficient control of pests, weeds and
diseases.

The drivers and enablers for implementing alternative
crop protection practices are identified, and an analysis
of key legislation to support theiruseis presented.

This is a publication of the Scientific Foresight Unit (STOA)
EPRS | European Parliamentary Research Service

This document is prepared for, and addressed to,the Membersand staff of the European
Parliament as background material to assistthem in their parliamentary work. The content of
thedocument is the sole responsibility of its author(s) and any opinions expressed herein should
not be taken to representan official position of the Parliament.

0 2

ISBN 978-92-846-7685-9| doi: 10.2861/044114 | QA-02-21-005-EN-N

N-N3-500-1¢-20-YO



	2a_Cover Appendix 1-final
	2b_EPRS_STOA_ANNEX1_656330_Crop protection_Technical report-final
	Executive summary
	Table of contents

	List of figures
	List of tables
	1. Introduction
	1.1. Context and background
	1.2. Objectives
	1.3. Data sources
	1.3.1. Cultivated area and average yield
	1.3.2. Plant Protection Products data


	2. Main crops in Europe: PPP use and alternative crops and cultivars
	2.1. Cultivated area of crops in the EU
	Table 1: Cultivated area of crops in the EU (1 000 ha)

	2.2. Use of Plant Protection Products
	2.2.1. Sales of PPPs in the EU
	Figure 1. PPP sales in the EU between 2011 and 2018 for different pesticide groups
	Figure 2. PPP sales for the EU-28 plus three EFTA States, 2018
	Figure 3. Pesticide sales in (a) France, (b) Spain, (c) Italy and (d) Germany between 2011 and 2018 for different pesticide groups
	Figure 4. Percentage change in pesticide sales from 2011-2018. Data shown for EU Member States (plus Norway) for which complete data sets were available

	2.2.2. Harmonised Risk Indicators
	2.2.3. Data on the use of PPPs
	Common winter wheat and spelt
	Potatoes
	Apples
	Olives
	Table 2 Dependency of selected crops on the major pesticide groups



	2.3. Alternative cultivars of arable crops
	2.3.1. Cereals
	2.3.1. Oilseeds
	2.3.2. Maize
	2.3.3. Potatoes

	2.4. Alternative cultivars of vegetable crops
	2.4.1. Carrots
	2.4.2. Onions
	2.4.3. Cabbages
	2.4.4. Tomatoes

	2.5.  Alternative varieties of fruits, berries and nuts
	2.5.1. Apples
	2.5.2. Blueberries (Vaccinium spp.)
	2.5.3. Black currant (Ribes nigrum)

	2.6. Alternative varieties of grape and olive crops
	2.6.1. Grapes
	2.6.2. Olives

	2.7. Potential impact of alternative crops and cultivars
	2.8. Conclusions on PPP use and alternative crops and cultivars

	3. Assessment of existing and emerging crop protection practices
	3.1. Mechanical techniques
	3.1.1. Existing practices
	3.1.2. Emerging practices and practices under development
	3.1.3. Potential impact of emerging mechanical techniques

	3.2. Plant breeding
	Figure 8: Milestones in plant breeding
	3.2.1. Potential impact of emerging plant breeding techniques

	3.3. Biocontrol
	3.3.1. Potential impact of biocontrol methods

	3.4. Induced resistance
	3.4.1. Potential impact of induced resistance

	3.5. Applying ecological principles: diversified systems
	3.5.1. Potential impact of applying ecological principles
	Figure 10. Farm of the Future based on diversification at Wageningen University and Research18


	3.6. Precision agriculture and DSS
	3.6.1. Potential impact of precision agriculture

	3.7. Plant protection products
	3.7.1. Health impacts of PPPs
	3.7.2. Environmental impact of PPPs
	3.7.3. PPPs and farmer behaviour and economics
	Farmer behaviour
	Economics


	3.8. Summary of the potential impacts of new and emerging crop protection practices
	Table 3 Potential impacts of new and emerging crop protection practices
	Table 4. Potential impact* of new and emerging crop protection practices on the control of weeds, diseases and insects

	3.9. Conclusion on crop protection practices

	Mechanical techniques
	Plant Breeding
	Biocontrol
	Induced Resistance
	Applying ecological principles to increase biodiversity
	Precision agriculture
	Plant protection products
	4. Drivers and enablers for implementing alternative crop protection practices
	Social context
	Social drivers
	Social enablers

	Environmental context
	Environmental drivers
	Environmental enablers

	Economic context
	Economic drivers
	Economic enablers


	5. Key legislation relevant to current and possible alternative crop protection practices
	5.1. Introduction
	5.2. EU legislation with relevance for crop protection
	5.2.1. Regulation (EC) 1107/2009 and Regulation (EC) 396/2005
	5.2.2. Directive 2009/128/ EC
	5.2.3. Directive 2001/18/EC
	5.2.4. Directive 2000/60/EC and Council Directive 98/83/EC
	5.2.5. Regulation (EC) No 1272/2008
	5.2.6. Regulation (EC) No 1185/2009
	5.2.7. Directive No 2009/127/EC
	5.2.8. Commission Implementing Regulation (EU) 2016/673 amending Regulation (EC) No 889/2008

	5.3. Regulation of possible alternative crop protection practices
	5.3.1. Mechanical techniques
	5.3.2. New plant breeding techniques
	5.3.3. Biocontrol agents
	5.3.4. Induced resistance
	5.3.5. Applying ecological principles to increase plant diversity
	5.3.6. Precision Agriculture
	5.3.7. PPPs

	5.4. Summary of regulatory issues

	6. References
	Annex. EU geographical zones
	Table I-1: EU geographic zones and their Member States (EU-27)
	Table I-2: Cultivated area of crops (1 000 ha)
	Cultivated areas of arable crops per zone
	Figure I-2: Arable crops grown in EU North zone (1 000 ha)
	Figure I-3: Arable crops grown in EU Central zone (1 000 ha)
	Figure I-4: Arable crops grown in EU South zone (1 000 ha)

	Cultivated areas of vegetable crops per zone
	Figure I-5: Vegetable grown crops in EU North zone (1 000ha)
	Figure I-6: Vegetable crops in EU Central zone (1 000 ha)
	Figure I-7: Vegetable crops in EU South zone (1 000 ha)

	Cultivated areas of fruits, berries and nuts per zone
	Figure I-8: Fruits, berries and nuts in EU North zone (1 000 ha)
	Figure I-9: Fruits, berries and nuts in EU Central zone (1 000 ha)
	Figure I-10: Fruits, berries and nuts in EU South zone (1 000 ha)

	Cultivated area of grapes and olives per zone

	Figure I-1: EU zones used for the assessment of the main crops and crop protection strategies. UK is not included in the analysis.

	Blank Page

