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Glossary

Definitions in the context of this report

Pests
Herbivorous arthropods, fungal diseases and webds have the potential to cause
economically significant damage to the maize crop.

Pesticides

Chemical and non chemical plant protection prodapgdied in the form of soil granules, on-
plant microgranules, seed treatments or spray flatons in maize growing against
arthropod pest nsecticides, acaricides), fungaladiss (fungicides), and weeds (herbicides).

Alternative pest control methods
Pest control methods not relying on chemical peksc

Integrated pest management (IPM)

Concept of using different techniques in combinatio control pests efficiently, with least

adverse effects on the environment and most spiegifio the particular pest. A set of

decision rules is used to identify the need for sel@ction of appropriate control actions that
provide economic benefits to growers and societijjeAkeeping chemical control of pests to
a minimum.

Treatment Frequency Index (TFI)

An index of the intensity of pesticide use, caltedbas the total number of full doses of a
pesticide applied to a given crop in a given amanfritme (usually a growing season). The
index can also be calculated as the average aimfRli&br a rotation.

. T
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Summary

Winter crops constitute the principal componentafst crop rotations in arable cropping in
Northern Europe. Winter wheat, winter barley andtesi oil seed rape are the primary crops
grown among the winter crops. These crops are peefdecause of a higher yield potential
than similar spring grown crops and a good adaptiowinter crops to the climate and soils
prevailing in Northern Europe. While the profitatyil of growing these crops is larger
compared with spring sown crops, the input fromtipeies needed is higher, adversely
affecting the environment. Previous case studieENDURE have predominately been
looking at tactics and strategies for pesticidaiogidns in single crops only. This case study
Is taking advantage of the knowledge amalgamate@ravious ENDURE activities and
brings it into a cropping system context. The asrtd change and redesign current winter
crops based cropping systems in order to reducendoessity of pesticides. The whole
activity is exploring practical scenarios for reohge pesticides taking into account
local/country-related priorities. The case studgludes redesigned cropping systems for the
UK, Denmark and middle and northern areas of Framb#e more basic information is
presented for Germany also. Current winter cropsethacropping systems in the three
countries have rather large differences in termgpesdticide use with France and the UK
having treatment frequent indexes (TFI) 3-4 timighér than in Denmark. However, the case
study has revealed considerable scope for redsctiopesticide use by employing agronomic
methods and technologies that are already avaitablarmers, or are close to being so, but
this scope varies greatly between countries depgndpon how much pesticide usage has
already been reduced and upon the local socio-emenand pedo-climatic context. The
approach suggested by the UK and Denmark reliess mix of preventative and curative pest
management actions such as modifying the existstems, reducing pesticide use through
the introduction of both low-tech practices (e.gtimized/adjusted dosages, sowing densities
and dates, cultivars, crop sequences, tillage eted) hi-tech practices (e.g. GPS-guided
applications, pesticide targeting, decision suppmydtems). France, however, emphasizes
preventative measures, re-designing the whole angppystem to limit the risk of pest
attacks, meaning that innovations developed froonogping system with no pesticide (e.g.
organic CS) relying on all possible low technolaggans to control pests, pesticides only
being added when alternative practices fail. Thinegsed maximum TFI reductions achieved
by the most far-reaching proposals for redesignestems in Denmark, France and the UK
were 37%, 94% and 56%, respectively.

Teams involved

Institute Country
ACTA Association de coordination technique agricole | France
INRA L’Institute National de la Recherche Agrongume | France
RRES Rothamsted Research UK
AGROS Agroscope Research Station ART Switzerland
AU University of Aarhus Denmark
DAAS Danish Agricultural Advisory Service Denmark
JKI Julius Kuhn-Institut (former BBA) Germany
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The RA2.6a case study has been running for 13 montwhich 3 meetings have been held.
Geographical areas covered
Totally 3 countries and 5 regions are includedia study:

* The UK: arable area of England
e Denmark: whole country
* France: three regions: Bassin Parisien, Poitoudtii@s, Bourgogne

Degree of validation and operability of findings

Data, information and experts’ knowledge and e were gathered and discussed over 3
workshops. Subsequently, all the information caedldchas been formulated into cropping

systems designed for a reduced reliance on pessicilhe work has been discussed in
collaboration with invited extention services witeat knowledge about cropping in practice.

The report is approved by all involved teams. I$ laésso been sent to Endure on M39 for

approval.

The AS systems are all designed to be ready foteingntation in practice or to serve as a
source for inspiration of similar cropping systeansing at reducing pesticide input. The IS1
systems also contain information of practical vabue its functionality and applicability in
practical cropping has some uncertainties owingthe suggestion of still immature
technologies.

The work on developing AS and IS1 systems are gldna evolve into a scientific paper or

conference paper depending on the support fromoecinanalyses on the feasibility of the

proposals. Leaflets containing the major elemehth® AS systems are planned for DK, the
UK, FR, audience: extension services. The worlkse going to be presented at national and
international conferences.
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Introduction

The case study on Arable Crop System studies (RAZa8 initiated in January 2008. This
case study was formulated as a consequence obpeeease studies predominately looking
at single crops only. There was a need to takerddga of the knowledge amalgamated in
other ENDURE activities and bring it into a croppiaystem context. The question arose
whether current cropping systems could be changeddesigned to reduce the necessity of
pesticides. Thus not only the crop protection astitaken in the single crop but also the
whole cropping systems as such should be scrutiizedentify where and when relevant
savings in pesticide input could be achieved. ThHele activity is exploring practical
scenarios for reducing pesticides taking into antéacal/country related priorities.

The two first meetings in RA2.6 were used to idgrie cropping systems of relevance for
European arable cropping. The expertise and dadahle within the frame of ENDURE,
and how this might contribute to the RA2.6 caselgtuvere analyzed and discussed. These
meetings resulted in three sub-activities as relevarums for the continuation of RA2.6,
because important European crop rotations, mamtyposing of cereals, were seen to differ
considerably between Northern Europe and Centralffeon Europe. Cropping systems
having a high proportion of winter crops, notablyisr wheat, winter barley, and winter oil
seed rape, are typical for Northern Europe. It de@sded to deal with such cropping systems
in sub-activity RA2.6a.

RA2.6a began in mid-July 2008 and a core groupisting of INRA, RRES, JKI and AU
was established. Each core group member represémedountry and regions within the
country in which winter crops based cropping systefCCS) would have particular
relevance: Middle and Northern France, the UK, Ned@énd Northern Germany and
Denmark. In addition, other institutions working thviextension services, having close
contacts to the producers, have supported the WwofRA2.6a, notably DAAS (Denmark),
ACTA, CETIOM (France) and two UK extension servigasticipating in one of the planning
meetings (Velcourt, subcontracted to ENDURE SA‘8 &AG [The Arable Group] on an
ad hocbasis).

The work in RA2.6a has been divided into two ovesattions of which this report is dealing
with the first section. In the first section, thenk has focussed on the design of alternative
system WCCS (AS) and level 1 innovative system W{ISR). AS are defined as systems
that include current information from organic antegrated pest management systems.
Several measures and methods, such as tillageigescrotational effects, crop residue
management, mechanical weeding, crop variety festueduced pesticide doses, etc. have
been reviewed, both solely and in combinations.r&foee, the AS proposed are based on a
solid foundation. 1S1 are also based on existingnkedge and technologies but information
about their functionality and likely positive effedn terms of reducing pesticide input, when
included in a cropping system context, is lackingery slight.

Expertise internal and external to ENDURE was idiiet for listing main pest problems
according to their importance in current crop pcots systems in WCCS. These major pests
are presented in Appendix B, and AS and IS1 arelgnaddressing these problems. RA2.6a
has also gathered information about the effectsgobnomic methods on pests, presented in
Appendix C.

N 5
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Existing knowledge of applicable methods to includerop protection strategies for WCCR
were reviewed in the first section of RA2.6a witlsecial focus on preventive, cultural and
non-chemical methods, reduced pesticide dosesgtyafeatures, etc. The review and
discussions have resulted in the formulation of & IS1 systems, which are presented in
details in Appendix A. A first attempt to assesg thystems according to applicability,
economy, environmental impact, landscape percepsonial impact, etc. was carried out
with the help from the DEXiPM assessment tool frBi2.4/3.1 and that is currently under
development. The systems were also assessed amgpdaliestimates of the reductions in
pesticide usage that they achieved. Pesticide usageestimated as the average annual
Treatment Frequency Index (TFI) over the rotation.

This report summarizes the work done to designABeand IS1 systems for WCCS in
Denmark, France and the UK.

State of the art

Overwintering crops constitute the principal comg@anof most crop rotations in arable
cropping in Northern Europe. Winter wheat, wintarley and winter oil seed rape are the
primary crops grown among the winter crops. Pigdpoers and stockless arable growers
have a high proportion of over-wintering crops, exsglly winter wheat, in their crop
compositions. Dairy farmers and beef producers loslver needs where fodder crops, such as
silage maize and pastures for grazing and silageproritized. This picture of crop growing
is common for most North European countries. Howetlge extension of winter crops
declines rapidly when reaching the Northern paftSeandinavia where the climate becomes
harsher and outwintering becomes more likely.

Winter crops are preferred because of a highed yietential than similar spring-grown crops
and a good adaption of winter crops to the climate soils prevailing in those parts of
Europe. Profitability of growing these crops is plynlarger and the input from pesticides
needed is higher compared with spring-sown crogge @ominance of winter crops is

reflected in the national cropping areas covereavioyer crops (winter wheat, winter barley

and winter oilseed rape). In Denmark, winter cropsered 35% of the total area farmed in
2008 and winter wheat was the largest cereal coopring 42% of the total area with small

grain cereals (source: The Danish Advisory Cend@B2. In France, winter crops cover 65%
of the total area under arable crop farming in 208¥ winter wheat was also the largest
winter crop covering 56% of the area cultivatedhwitinter crops (Source: AGRESTE,

http://agreste.agriculture.gouv.fr). In the UK, vancrops covered 69% of the total arable
area cropped with winter wheat accounting for 64Pthe total area cropped under small
grain cereals (Source: Defra Agricultural and Hudtiural Survey, 2007).

In the UK, Denmark and northern parts of Francereintering crops often compose 100%
of the crop rotation whereas spring-sown break cropstly are grown in less than 25% of a
crop sequence. (The sectidmalyses on typical crop rotation compositions iarkce, the
UK and Denmarkbelow deals more thoroughly with crop rotationpidglly found in the
North European countries). Such strenuous crogioot or crop sequences easily favour
specific pest problems of which the most importanes are summarized in Appendix B.
Some of these pest problems might become very sewsually requiring an extensive use of
pesticides. For example the enrichment of annuasgyrweeds, notablyAlopecurus
myosuroides, Bromus spgndApera spica-ventifollowing intensive cropping of winter

N 5
*endure Page 7 of 237 é"

diversifying crop protection



ENDURE - Deliverable DR2.16

wheat, put a strong pressure on herbicide use (Mela®t al, 2008). These annual grasses
cause high yield losses and there is a strong @ceniocentive to control them effectively
(Melander, 1995). In practice, this means full doaad sometimes several applications per
season. Effective grass weed control normally gae®turn to the grower but increasing
pesticide consumption evidently goes along withgh lhlemand for grass weed control. This
has particularly been the case in Denmark in regeats where reduced tillage systems have
further accentuated the problems (Melanekeal, 2008; Clarkeet al. 2000; Orson 2006). In
addition to herbicides, fungicide use have alsmiss®n to increase when the crop sequence
have more winter wheat and becomes less variedjddsen & Kudsk, 2006). Pesticide
consumption in the different crops and countries farther discussed in the section below
“Treatment Frequency Indices for each country”.

Current winter crops based cropping systems (WC@i#) a high proportion of winter
cereals are pesticide demanding and match pootly the current political goals of many
European countries to reduce pesticide input. B@mple countries such as Denmark,
Germany, France, the Netherlands and Sweden hesedgllaunched pesticide action plans
to move agriculture away from a high dependencepesticides to a lower dependence.
Ideally, crop sequences should have a much stromgdure of annual crops with varied
sowing times (spring versus autumn) and periods wérennial crops to really counteract
unwanted and severe pest problems, thereby limitiagheed for pesticides. However, this is
not very likely to happen because crop choice &edconfiguration of cropping systems is
mainly driven by the demand for cereal staples lapndhort-term economic factors such as
the prevailing commodity prices and the yield ptitdrof the crops. A widespread cropping
of WCCS will still prevail in North European agriture in the near future, and crop
protection systems will need to deal with that seen In the short term, only modest changes
of the crop sequences appear feasible and lesadkspee on pesticides should mostly rely on
other measures, such as preventive, cultural amdchemical control methods along with
improved spraying technologies and optimized peicdoses. In the main, this is the
situation addressed by the AS and I1S1 systems pegpio this report. However, in the longer
term new innovations within breeding, electroniosbotics, models for forecasting pest
incidences and many other techniques may changsittiaion entirely. The second part of
the RA2.6a case study will go further into suctufatscenarios of WCCS.

Interactions with other ENDURE activities

The case study has benefitted strongly from intergowith the work on developing the
assessement tool DEXiPM. DEXiPM is an outcome df thteractions between other
ENDURE activities, notably RA2.4 /| RA2.3 / RA3.1RIA3.2 / RA3.4 /| RA3.5, covering
various issues such as environment, economy, smdnemy and landscape management.
The DEXiPM tool is presented in more details in sieetion: ‘DEXiPM and links to RA2.6a’
on page 25 in this report.

The outcomes of the previous RAL1 cases studiesVarter wheatand Integrated weed
managemenhave delivered valuable information on relevangtpao consider for WCCS
including prospects of combining preventive, cuwturand direct control tactics.
EUROWHEAT in IA2.1 has provided a list of cultutaktics and its potential for suppressing
pests in WCCS. RA2.6a has further extended theRi&d.2 has informed about the potential
of genetics to redesign cropping systems and RA2c®vering important information about
more advanced technologies of relevance to 1IS1%2d
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Assessments of the potential for biological contgents to reduce TFI in AS and IS1
systems and of the influence of landscape and dtalianagement on pest populations have
benefitted from interaction with RA4.3 and RA2.3.

Analyses on typical crop rotation compositions in Fance, the UK and
Denmark

Denmark

In order to investigate the composition of the Bargrop rotations, the information in the
Danish Field Database (DFD) is used.

Description of the Danish Field Database (DFD)

DFD is a database compiling information on crop amdking processes on field level. The
information is the same as the farmers give to @hthorities to get their EU subsidies.
Currently more than 1.45 million hectares (app&8&o) of the Danish arable land is stored in
the DFD. As the database holds information sewsgals back, it therefore gives a unique
opportunity to investigate, on field level, the gping history in Denmark.

Method and results

DFD contains information at field level, as far baxs the farmer/advisor has registered his
field data. The further back in time, the feweldgwill be available, as some farmers only
recently joined the database. Initially the dataéhien database were therefore examined under
the following assumptions:

« Only fields with a 4-year known cropping sequenagenincluded (approx. 110,000
fields), despite the fact that in many cases iadsised to have more than 4 years
between similar crops (e.g. oilseed rape and pegato

* The crop rotation must be independent of year, megathat only the sequence of
crops matters (e.g. crop rotation A B C D will lnaitar to C D A B but not C A D B)

0 In order to secure this, the computer runs thrceagh individual crop rotation
and compares it with all the remaining rotationsshifting the year 4 times.

Performing the mentioned routine in DFD reveal®©28,crop rotation combinations of which
only 9618 crop rotations occurs more than one tme only 10 occurs in more than 1% of
the incidences. As can be seen from Table 1, th& owmmon crop rotation is winter wheat
grown in monoculture. It must however be notedt titasingle crop rotation occurs in more
than 3.6% of the cases.

Y T
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Table 1 Top ten 4-year crop rotations in Denmark. WW: Winwvheat, WB: Winter barley,
WR: Winter oilseed rape, M: Maize (silage), GL: &dey, SB: Spring barley, F: Fallow, O:
oats.

Crop rotation Year 1 Year2 Year3 Year4\ Total % af fields

1 WW | WW | WW | WW | 3963 3.6
2 WB | WR | WW | WW | 3093 2.8
3 WW | WW | WW | WR | 2213 2.0
4 M M M M 1794 1.6
5 GL GL GL GL | 1619 1.5
6 SB SB SB SB | 1548 1.4
7 F F F F 1161 1.1
8 WB | WR | WW SB | 1093 1.0
9 WW | WW | WwW SB | 1088 1.0
10 O WW | WW | WW | 920 0.8

The above mentioned is relatively clearly descrjlmedinly due to the large number of fields.
In order to catch possible longer crop rotatiom® hext step was to perform the same
analysis 6 years back. By doing so, the amountetds was reduced to approx. 22,000. In
Table 2 it is seen that the most common crop ktatigain is winter wheat in monoculture,
(2.65% of the cases).

Table 2 Top ten 6-year crop rotations in Denmark. WW: Wirwheat, WB: Winter barley, WR:
Winter oilseed rape, M: Maize (silage), GL: Graag, ISB: Spring barley, F: Fallow, GK: Grass
clover, CT: Christmas trees.

Crop rotation Year 1 Year 2 Year3 Year4 Year5 Year 6 Total % af fields

1 WW | WW | WW | WW | WW | WW | 599 2.65
2 M M M M M M 309 1.37

3 WW | WW | WW | WW | WW | WR | 260 1.15
4 WB | WR | WW | WW | WW | WW | 237 1.05

5 F F F F F F 169 0.75
6 GL GL GL GL GL GL | 152 0.67

7 F F F F F GK | 145 0.64
8 WW | WW | WW | WW | WW | SB | 131 0.58

9 SB SB SB SB SB SB| 118 0.52
10 CT CT CT CT CT CT | 96 0.42

One could easily conclude, based on the above sisathat wheat after wheat is the most
common crop rotation in DK. The conclusion is, heer rather that the vast majority of the
farmers actually use very different crop rotatioss more than 85% of the crop rotations fall
outside “top 10” in Tables 1 and 2.

' Y T
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In order to get a little closer to the answer, heotanalysis was performed on the 5-year
rotations (approx. 50.000 fields). In this analy$ie crops were divided in 4 groups, defined
as:

* Winter cereals (wheat, barley, triticale and rye)
* Winter oilseed rape

e Spring cereals (wheat, barley and oats)

* Other

The 5-year rotations were then compiled in theedé#it groups according to the occurrence
of the different crops (e.g. the rotation 60-20@0ensists of 60% winter cereals, 20% winter
oilseed rape and spring cereals and nothing €l$&).results of this analysis can be seen in
Table 3.

By compiling the rotations in this way a much beitelication of the status of the Danish
crop rotations can be obtained. It is e.g. seem fi@ble 3 that more than 10% of the crop
rotations in Denmark consist of winter cereals,yosgparated by 1 year of oilseed rape. In
terms of weed control, and especially grass wethds,is not a durable way. The reason for
these results should be found in the large prodootif pigs. Farmers with pigs can earn
significantly more from growing only winter cereatiespite the increased costs of pesticides
(approx. 100-150 €). This is because the feedihgevirom e.g. winter wheat is higher than
the alternative spring crops. Furthermore, if @tbgape is used, the farmer has to buy in
extra wheat for fodder, at a price that often isther/100 kg than what he can sell his own
produce for. It should, however, also be mentiotieat the advantage of growing winter
crops in monoculture is easily compensated by d¢versty of resistance problems, etc. which
most likely will occur in such a crop rotation ovane.

Table 3. Results of the analysis of 5-year rotationsofettd by a compilation of the results in
groups. The total area analyzed is 232,321 hect#e®inter cereals, WR: Winter oilseed
rape, S: Spring cereals, O: Other crops.

% in crop rotation

Rotation Area | % of analyzed

no. W | WR S| O (ha) area
1 0 0 | 0 |100| 35,108 15.1
2 80 | 20/ 0| O] 25770 11.1
3 60 | 20| 20| O | 16,461 7.1
4 0 0| 20| 80| 16,440 7.1
5 100 0 | O | O | 15,862 6.8
6 0 0| 40| 60 9,788 4.2
7 80 | 0 |20] O 8,580 3.7
8 40 | 20| 40/ O 7,737 3.3
9 20 | 0 | 20 | 60 6,816 2.9
10 60 | O] 40 O 6,400 2.8
11 40 | 20| 20| 20 6,184 2.7
12 40 | O] 40| 20 6,065 2.6
60 | 0 | 20| 20 5,885 2.5

13
*endure Page 11 of 237

diversifying crop protection



ENDURE - Deliverable DR2.16

% in crop rotation

Rotation Area | % of analyzed
no. W | WR S| O (ha) area
14 40 | 0| 20| 40 5,363 2.3
15 0 0 | 60| 40 5,139 2.2
16 20 | O] 40| 40 5,047 2.2
17 40 | 0 | 60| O 4,815 2.1
18 0 0| 100 O 4,724 2.0
19 20 | 0 | O | 80 4,139 1.8
20 60 | 20| O] 20 3,870 1.7
21 20 0 |80 O 3,489 15
22 20| 0| 60/ 20 3,396 15
23 60 | 0 | O | 40 2,946 13
24 0 0| 80| 20 2,940 1.3
25 40 | 0 | O | 60 2,878 1.2
26 80| 0| O] 20 2,627 11
27 20 |20/ 60| O 2,551 11
28 60 | 40| 0| O 2,424 1.0
29 40 | 20| O | 40 1,895 0.8
30 20 | 20| 40[ 20 1,769 0.8
31 20 | 20 | 20 | 40 1,410 0.6
32 40 | 40| 20/ O 1,159 0.5
33 20 | 20| O | 60 560 0.2
34 0 | 20| 20| 60 40p 0.2
35 0 |20[80] O 392 0.2
36 0 | 20| 40| 40 39 0.2
37 0 [ 20| 60| 20 319 0.1
38 0O | 20| O] 80 202 0.1
39 40 40| 0 | 20 120 0.1
40 20 | 40| 20[ 20 88 0.0
41 20 | 40| O | 40 83 0.0
42 20 | 40| 40| O 49 0.0
43 0 | 40| 20| 40 20 0.0
44 40 | 60| O| O 1y 0.0
45 0 |40]40] 20 1 0.0
46 0O | 60] O] 40 D 0.0

From the results it is also seen that the thirdtmmommon rotation is one of those recommended by
the advisors in practice, in which two years oftefrwheat are separated by one year of springlserea
and one year of winter oilseed rape. Even thougtillitbe better with 2 years of spring cerealssthi
rotation is much better than number 2, in termsenfucing weed problems. In Table 4, the same
analysis is performed for the 4-year rotationsthils case, there are a lot more fields in the aimly
(covering 548,112 hectares), increasing the confidén the data. The results indicate that contisuo
growing of winter cereals with one year of oilseagde again is the second most important rotation in
the 4-year analysis.

N S o4
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Table 4. Results of the analysis of 4-year rotationsofekd by a compilation of the results in
groups. The total area analyzed is 548,112 hectéfe®Vinter cereals, WR: Winter oilseed
rape, S: Spring cereals, O: Other crops.

% in crop rotation |

% of
Rotation Area | analyzed

no. W I WR S| O (ha) area

1 0 0 | 0 |100| 92,744 16.9

2 75 | 25| 0| O] 76,846 14.0

3 100 0 | O | O | 51,327 9.4

4 0 0 | 25| 75| 41,645 7.6

5 50 | 25| 25| O | 35,656 6.5

6 75| 0] 25| 0] 31,347 5.7

7 0 0 | 50 | 50 | 24,396 4.5

8 50 | 0] 50| O] 22,500 4.1

9 50 | 0 | 25| 25| 21,240 3.9
10 25| 0| 25| 50 19,81¢ 3.6
11 25 | 0 | 50| 25| 16,013 2.9
12 0 0| 100 O | 15,569 2.8
13 25 | 0 | 75| 0 | 14,386 2.6
14 25| 0| O] 75 13,718 2.5
15 0 0 | 75| 25| 13,636 2.5
16 25 | 25| 50, O] 10,592 1.9
17 50 | 0 | O | 50| 10,061 1.8
18 75| 0| O 25 9,928 1.8
19 50 | 25| 0 | 25| 9,351 1.7
20 25 | 25| 25/ 25 8,017 15
21 25 | 25| 0 | 50| 2,790 0.5
22 50| 50, 0| O 1,607 0.3
23 0 |25|75]| 0 1,599 0.3
24 0 | 25| 25| 50 1,240 0.2
25 0 | 25|50| 25| 1,094 0.2
26 0 | 25| 0] 75 450 0.1
27 25 |50 25| 0 414 0.1
28 25 | 50| O] 25 64 0.0
29 0O | 50| 25| 25 49 0.0
30 0O | 50| 0| 50 10 0.0
31 0O |50|50| 0 6 0.0

UK

Survey data

In order to investigate the composition of the UKpcrotations, information was sought from
the UK Defra-funded winter wheat and winter oilsegage pest and disease surveys. The
winter wheat surveys started in 1975 and have beeducted annually with the exception of
1984 and 1985. At least 300 crops are assessédyeac in a random sample taken from

' P > 4
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farms across England and Wales (1975-2002) andBhgland only from 2003 onwards. The
winter oilseed rape survey began in 1987 and irelassessment of 100 crops on three
occasions during the growing season. The survelyded crops in Wales until 2002 and
then England only from 2003 onwards. CropMonit@w{v.cropmonitor.co.uk) took over the
surveys in 2003.

Analysis of data indicated that the was no “typigathtion” for the UK but many different

combinations of crop sequences depending on mdigyetit factors including market forces.
A number of different analyses were done to bupdauframework for the most usual crop
sequence for an arable setting based on a wirdprlzased rotational context.

Both sets of survey data record the following cates of crops:

Winter wheat, other cereals, pulses/legumes, pegatgrass, fallow, other crops, oilseed rape,
Setaside. No distinction is made between springinter crops for ‘other cereals’ or oilseed
rape.

Proportion of each crop that was preceded by anothmerable crop

The survey data were analyzed to indicate whiclpgmoons of the crop was preceded by
each of the following arable crops: winter wheainter barley, winter oilseed rape, spring
barley, potatoes, winter beans, spring beans, ey other.

Table 5a. Winter Wheat - Per cent of crops (where previous crop knowrgceded by
different crops for England and Wales (Welsh datduded only up to 2003).

Previous crop Harvest years

2002 2003 2004 2005 2006 2007 2008
Winter wheat 23.81 33.96 27.53 23.90 27.80 28.27 5.92
Other cereals 7.14 5.28 5.57 5.51 5.41 3.89 415
Pulses/legumes 19.05 12.83 13.94 14.34 15.83 13.43 9.00
Potatoes 5.95 10.57 4.88 6.25 5.41 3.53 7.61
Grass 2.08 3.77 2.44 2.2] 3.09 2.47 6.57
Fallow 0.3 0.38 0.35 0 0.77 0.35 1.04
Other crops 9.52 9.06 14.63 16.18 12.36 11.831 513/1
Oilseed Rape 22.32 17.74 23.0 28.31 25.48 32,86 .7629
Setaside 9.82 6.42 7.67 3.31 3.86 3.89 2.¥7

Table 5b. Winter Barley - Per cent of crops (where previous crop knowmceded by
different crops for England and Wales (Welsh datduded only up to 2003).

Previous crop Harvest years

2002 2003 2004 2005
Winter barley 19.32 18.95 19.67 21.23
Other cereals 74.92 68.95 67.76 73.18
Pulses/legumes 0.34 0.53 2.73 1.12
Potatoes 1.69 3.68 0 0.56
Grass 1.02 3.16 1.09 0.56
Fallow 0 0 0 0
Other crops 0.68 1.58 3.83 1.68
Oilseed Rape 0.34 1.05 1.64 1.1p
Setaside 1.69 2.11 3.83 0.56
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Table 5c. Winter Oilseed Rape Per cent of crops (where previous crop knoweceded
by different crops for England and Wales (Welstadatluded only up to 2003).

Previous crop Harvest years

2002 2003 2004 2005 2006 2007 2008
Winter wheat 47.31 69.89 61.22 61.2P 52.08 3.05 64.65
Other cereals 39.78 25.81 35.71 32.65 42.710.04 | 31.31
Pulses/legumes 2.15 1.08 0 1.02 0 1.0 0
Potatoes 0 0 0 0 0 0 1.01
Grass 0 0 0 0 0 1.0 0
Fallow 0 0 0 0 1.04 0 0
Other crops 0 0 0 1.02 0 0 1.01
Oilseed Rape 0 1.08 0 1.02 0 1.0 0
Setaside 10.75 2.15 3.06 3.06 4.17 4.0 202

Where winter wheat was being grown, the two maiaceding crops were winter wheat
(presumably a “first” wheat) or a break crop (Tab#g. It is interesting to note that ~50 % of
previous break crops were oilseed rape and/or glldgeimes in the years 2002-2006 but that
more recently pulses/legumes seem to be grownnigksoilseed rape gaining in dominance
as the break crop of choice, presumably since wiitseed rape became a more profitable
option. Winter oilseed rape is also attractive ¢me growers as it provides a window of
opportunity for grass weed management whilst altarning a profitable crop, whereas
pulses and legumes are currently less profitaBlable 5b again indicates the dominance of
winter wheat in the rotation accounting for thethjgercentage of “other cereals”. This also
indicates the role that winter barley has as thewbeat cereal break crop presumably again
because it is still relatively profitable in comigan to other "non-wheat” options. It should
be noted that winter barley tends to be grown dnegional” basis, predominantly in the
more northern regions of the survey data areableTac higlights the dominance of winter
wheat within the arable rotation. These three tablgport the notion that the most common
crop sequence tends to include 1-3 years of winteeat, possibly followed by barley,
followed by a break crop which was predominantinter oilseed rape.

Common crop sequences

The survey data were analyzed to identify the fimest common crop sequences that
followed winter wheat, winter barely or winter akxd rape and to indicate the proportion of
each crop that was followed by each sequence.

Key to crop sequences:

W = winter wheat (not coded for in winter barley\sy - in other cereals category)

B = winter barley (coded for in winter barley seyw otherwise in other cereals category)
C = other cereals

P = pulses/legumes

S = potatoes

G =grass

O = other crops

R = oilseed rape

A = setaside

Y T
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Table 6a. Crop sequences most commonly following winter vitfead the percentage of
winter wheat crops followed).

Harvest Crop sequence
year |Rank 1 2 3 4 5
2002 RCW,W |W,W,W,W|W,RW,W [PWW,R |P,W,RW
% 4.11 3.77 3.77 3.42 3.42
2003 W,W,WW |[W,PWW | WRWWWRCW |R,CWW
% 4.26 3.40 3.40 2.98 2.98
2004 WW,WW |[RCWW | WRWW| RWPW| W,R,CW
% 5.04 4.65 3.49 3.10 2.71
2005 RWPW [RCWW]| WWWWRWWR |PWWR | RCW,R
% 4.58 4.17 3.33 3.33 2.92 2.92
2006 RCWW [ WWWWRWPW |RCWR | WRWW
% 6.40 4.40 4.40 4.40 3.80
2007 W,RCW [PWRW| WRWW WWWWRWWR [RWPW]| RWRW| RCWR
% 4.47 4.07 3.66 3.25 3.25 3.25 3.25 3.25
2008 W,RWW |[G,GGG | RWRW| WWWWOWRW |RWWR
% 5.41 4.63 4.25 3.09 2.70 2.70

Table 6b. Crop sequences most commonly following winter éarland the percentage of
winter barley crops followed).

Harvest Crop sequence

year Rank | 1 2 3 4 5

2002 C,CRB|CRB,C|CCP,C|C,CR,CICO,B,C
% 8.18 5.91 3.18 3.18 3.18

2003 CCRB|CRB(C CCRC CPCR CCGCR
% 5.63 5.0 4.38 4.38 3.75

2004 co.BcCcBBBB|CCRB| CCCQG CCPC CCR|C
% 5.84 5.19 5.19 3.9 3.25 3.25

2005 C,CR,B| B,B,B,B| C,G,G,G6C,C,0B|C,0,BB|CR,CP
% 8.72 5.37 5.37 2.68 2.68 2.68

Table 6¢.Crop sequences most commonly following winteresl$ rape (and the percentage
of winter oilseed rape crops followed).

Harvest Crop sequence
year Rank 1 2 3 4 5
2002 WWRW [CWWR [CWPW |CWOW [WWPW [WRWW |WRWR
% 15.66 9.64 6.02 4.82 3.61 3.61 3.61
2003 WWRW |[WWPW | CWWR | WCWR [ WPWR | WRWR| CWAW
% 12.64 8.05 6.90 4.60 4.60 3.45 3.45
2004 WWRW |[WWPW | WWOW [ CWWR [ WPWR | CWCW]| CWSW
% 1250 5.68 5.68 4.55 3.41 3.41 3.41
2005 WWRW [CWWR | WWPW [ WPWR [ WWRC| CWWwP
% 10.59 5.88 4.71 4.71 3.53 3.53
2006 CWRC |[CWWR [ WWRW [ WPWR | WPWW| WRWW CWRN,
% 6.59 6.59 5.49 5.49 3.30 3.30 3.30
2007 CWRC [WPWR [ CWWR | CWPW]| WOWR
% 7.14 6.12 6.12 5.10 4.08
2008 WWRW |[WRWR | WWPW [ CWRW [ WPWR CWRC| WRWW
% 11.34 6.19 5.15 5.15 4.12 4.12 4.12
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As with previous data presented for the UK (TalBesc), Tables 6a-c indicate a diverse
series of cropping sequences dominated by winteatvas the main crop and winter oilseed
rape as the primary break crop. However, there agarticular temporal pattern, with the
ranking of sequences changing from year to yeasymably determined by market forces
within the industry. Table 6a indicates this vergll with various sequences involving at
least 2 winter wheats in the previous 4 seasonsalfocrop sequences for all years. The
exception to this was 2008 when 4.63% of crops weake sown to winter wheat crops were
sown on land that previously had been long-ternyddrs at least) grass leys, presumably
because winter wheat was so profitable that grovezmsired more land to sow into wheat. In
all years surveyed, a small proportion of growereagwhat could be considered “continuous
wheat” with the percentage of crop sown to W-W-WWWranging from 3.09% (2008) to
5.04% (2004, when this crop sequence was the lapgesentage of any crop sequence that

year). Table 6a also highlights the shift awayrfrpulses and legumes towards winter oilseed
rape as the break crop of choice in recent years.

There were fewer data concerning crop sequencesviog winter barley but they further

demonstrated the dominance of cereals in the ootatVinter barley rarely occurred more
than one year in three except in 2004 and 2005 wbetinuous winter barley was the second
most common sequence to follow winter barley, fwgsieflecting the increase in cereal
prices in recent years, particularly with regardh® premium for malting barley.

Table 6¢ is the most interesting of the set ofehmonsistently showing that the predominant
crop sequence consisted of two cereal crops (alatastys winter wheat) followed by oilseed
rape, i.e. a three-course W-W-R ‘rotation’. Thisgisequence was generally grown twice as
often as the next most common sequence. Howeviertdble, as with Tables 6 a and b,
shows that most ‘rotations’ are variations on thisme and that there is no rigid pattern to
crop sequences in England (and Wales, where datavailable).

Crop frequency within the rotation

For each of the crops in the survey, the time gapiden successive crops of the same species
on the same site was analyzed (Tables 7a-c).

Table 7a.Per cent winter wheat crops with different timggaince the last winter wheat
crop, England and Wales (Wales included up to 2009).

Harvest years

No. of years gap 2002 | 2003 | 2004 | 2005| 2006/ 2007 2008
0 25.0 32.34| 2791 2250 23.60 26.42 2432
1 43.49 | 33.62| 46.12] 48.75 4280 4756 4181
2 19.18 | 17.87| 15.12] 20.00 20.80 12.60 15.06
3 6.85 8.09 3.49 1.67 3.2( 8.18 6.18
4 or more 5.48 8.09 7.36 7.08 9.60 5.28 13.13
Mean no. of years gap 1.243| 1.259| 1.163| 1.221| 1.324| 1.183] 1.425
Range* | 0.75,2 0,2 0,2 1,2 1,2 0,2 1,2

* lower and upper 25 percentiles

ey T
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Table 7b. Per cent winter barley crops with different timapg since the last winter barley
crop, England and Wales (Wales included up to 2009).

Harvest years
No. of years gap 2002 2003 2004 2005
0 20.45| 18.13] 1948 22.1p
1 6.36 3.13 3.90 4.7Q
2 1545 | 16.25| 2143 13.4p
3 17.27 12.50] 14.29 20.81
4 or more 40.45 50.0 4091 38.93
Mean no. of years gap 2.509| 2.731| 2.532| 2.497
Range* | 1,4 2,4 2,4 1,4

* lower and upper 25 percentiles

Table 7c. Per cent oilseed rape crops with different timpsgsince the last oilseed rape crop,
England and Wales (Wales included up to 2003 only).

Harvest years
No. of years gap 2002 2003 2004 2005 2006 2007 2008
0 0 1.15 0 1.18 0 1.02 0
1 8.43 5.75 455 4.71 8.79 9.18 14.43
2 20.48 | 18.39| 17.05] 21.1§ 16.48 13.27 24./4
3 22.89 | 28.74| 13.64 2353 1648 21.43 17.53
4 or more 48.19| 4598 64.77 4941 58.24 55710 4330
Mean no. of years gap 3.108| 3.126| 3.386| 3.153| 3.242| 3.204| 2.897
Range* | 2,4 25,4] 3,4 2,4 254 3,4 2,4

* lower and upper 25 percentiles

The Defra Agricultural and Horticultural Survey (0 indicated that winter crops covered

69% of the total arable area cropped in England.th@ area, winter wheat accounted for

64% of the total area cropped under small grairalsrand this is clearly reflected in the

frequent reoccurrence of winter wheat shown in &@afd. The current practice of “short

rotations” consisting of 2-3 crops including 1-3ntgr wheats grown over a 2-4 year period
can clearly be seen in Table 7a where the mean @&upnfbyears between successive winter
wheat crops ranged from 1.16 (2004) to 1.43 (2@@8&)s. There was no clear temporal trend
in the length of gaps between winter wheat crops.

Table 7b indicates that the situation for winterléawas different and highlights the use of
winter barley as a ‘non winter-wheat break cropithwthe mean number of years between
successive crops generally double that of winteeawvifranging from 2.5 years [2005] to 2.7
years [2003]). In contrast with the winter wheatadin which between 81% (2008) and 91%
(2005) of fields sown with winter wheat had preslyubeen sown to the same crop within
the past three years, only 38% (2003) to 45% (2G&f4)vinter barley fields had been
previously sown with winter barley within the satmae period.

The data for winter oilseed rape crops indicateittygortant “break crop role” that the crop
has within UK agriculture (Table 7c). In contragth both winter wheat and (to a lesser
extent) winter barley, winter oilseed rape was hlyaaver drilled after winter oilseed rape,
with the mean number of years between successigs canging from 2.9 years (2008) to 3.4
years (2004). As with Tables 7a and b, there wa<lear temporal pattern to the data,
although there was some evidence of an increasembrgage of fields being sown with
winter oilseed rape within 2-3 years of the presgiawop (2006 onwards), i.e. there were more
‘rotations’ that were shorter (WWR or WRWR), adeefed in Table 6c¢.
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France

Table 8 summarizes the main crop successions aasérvrance and including winter crops
that were defined by experts (advisors from ACTohambresd'agriculture, agricultural
ministry, researchers from INRA) according to geqdpical zone in France (Ecophyto R&D
report Guicharcet al, 2009). Quantitative data are not available torese the proportion of
the agricultural area occupied by each crop seaseridowever, it can be noticed that these
crop sequences are very diverse.

Table 8. Main crop sequences per region in France, accorttingcal experts (Ecophyto
R&D report; Guicharcet al.,2009).

Region Centre Poitou lle de France, Loraine, Alsace, Midi Pyrénées,
Champagne- Franche comté Aquitaine
Ardennes,
Bourgogne
Main crop WOSr-Ww-ww-wb wosr/pe-ww-sb/wb  wosr-ww-w/wb ma-ww-su-w
sequence WOSI-WW-SU-Ww ma/beet-ww-ww/wb  wosr-ww-pe-ww SU-WW-WOSF-WWw
WOSr-ww-su-dw-pe-  WOSr-ww-pe-ww ma-ma-ww
ww al-ww-beet/pot-ww  su/wosr-ww-wb
ma-sb/dw
WWw-Su-sb
Region Nord-Ouest Nord, Picardie, Sud Est
Normandie
Main crop ma-ww-ma-ww wosr-ww-wb/ww ma-ww
sequence wosr-ww-wb-ma-ww beet-ww-wosr/pe/li-  ma-ma-ww-wosr-ww
ww

pot-ww-li/pe-ww
beet-ww-pot-ww-
veg-ww/wb
WOSI-WW-pe-ww

Legend

ww winter wheat S spring wheat

wb winter barley sb spring barley

wosr winter oilseed rape sosr spring oilseed rape
wbe winter beans sbe spring beans

beet sugar beet ow another winter crop
pot potatoes 0s another spring crop
ma maize

su sunflower al alfalfa

dw durum wheat li linen

pe peas veg vegetables

National statistical analyses on crop sequencesatr@vailable in France. However, field
surveys are carried out by the ministry of agriandtevery 5 years since 1994, and since 2006
it also accounts for the five years preceding theveyed field. These data can be be
extrapolated and allow us to give some overviewuaboain crop sequences in France.
Further quantitative analyses were therefore ahr@it on national 2006 data from
AGRESTE (five-year surveys on agricultural practicéy region). Table 9 presents the
proportion of the preceding crops for four main t@mcrops, winter wheat, winter barley,
winter oilseed rape and potato.

Y T
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Table 9. National average proportion of preceding crops ffmur winter crops (survey
AGRESTE 2006http://agreste.agriculture.gouv.fr/page_accueild8@hees_ligne 2.html
Preceding crop (% of the area of the given crop)

Barley (and
WOSR Wheat other cereals Maize Beetroot Other
for wheat)
Winter wheat 22 15 7 24 32
Barley 11 73 5 11°
WOSR 47 47 6
Potatoes 66 8 8 18

4Beetroot is included in this figure

®Barley and other cereals and beetroot are inclimléls figure
‘WOSR, maize and beetroot are included in this égur
%WOSR and maize are included in this figure

The main crops planted before wheat were maizetewmilseed rape and wheat. The wheat
was the major preceding crop for barley (73%) ali a® for potatoes (66%). Finally, the
preceding crops for winter oilseed rape are cereath an equal distribution between wheat
(47%) and barley (47%). It is important to notidett these proportions varied greatly
between regions (see the online detailed data oe WGRESTE website,
http://agreste.agriculture.gouv.fr/page_accueild8@hees_ligne_2.html

To complete this quantitative data, analyses ob steccessions over the 6 years (2001-2006)
were carried out (Schmidt, 2009): the frequencwbéat, rape, cereals and spring crops were
surveyed and are represented in the following tapléhe proportion of area concerned.

Table 10. Crop successions over 6 years (2001-2006) (Schra@d9, data and funds
provided by the statistical and prospective serfriom the French ministry of agriculture).

Frequency Number of Area of surveved

(number of years 1 2 3 4 5 6 surveyed : y
. fields (ha)

over 6 years) fields

% area with wheat 7.8% 26.0% 49.0% 13.7% 2.5% 1.0% 3448 4188742

5 -

Hareawithrape 53 700 14006 1.3% 0.0% 00% 00% 3448 4188742

% area with rape

(areain rapein 30.9% 59.8% 9.1% 0.1% 0.0% 0.0% 1498 987917

2006)

0 X

pareawith saw 4 7o 7995 36.79% 42.0% 6.9% 1.8% 3817 4595424

cereals

0 . :

Cﬁr’o"‘gaw'th SPNG - 22 7% 27.8% 202% 3.1% 15% 0.0% 3817 4595424

Number of

Numper of crop 2 3 4 5 6 surveyed Area_\ of surveyed

species over 6 years . fields (ha)
fields

% area with the

given number of 1.0% 22.8% 45.9% 27.8% 2.4% 0.0% 3817 4595424

species

%fields cultivated with wheat in 2006
®fields cultivated with rape in 2006
Minimum value, Maximum value

' Y T
*endure Page 20 of 237 é"

diversifying crop protection



ENDURE - Deliverable DR2.16

In almost 50% of the area surveyed (fields in wie&006), wheat occurs every two years (3
years out of 6). It is important to notice thatli® of cases, continuous wheat crop occurs
over 6 years (Schmidt, 2009). On the same area,wag cultivated one year out of 6 only on
22.7% of cases. On the other hand, almost 60%eoétha cultivated with rape in 2006 was
planted with winter oilseed rape every 3 yearsga@ry out of 6) and never occurred more than
4 years out of 6. Moreover, on almost 10% of thional area cultivated with rape in 2006,

rape occurs at least every 2 years on average. Nnwerally, cereal straws were present 4
years out of 6 on the surveyed area (fields in wie&006), whereas spring crops were
present from 1 to 3 years in average. Finally,aherage number of crop species cultivated
over 6 years was 3 different species, 5 speciagybairy rare and 6 species never occurring.
Based on these data, more frequent crop sequeraresdefined and are presented below.
The total area is almost made up by just a few sexuences (here 11 to cover 80% of the
area; 38 crop sequences were found to cover thkeaa).

Table 11. More frequent crop sequences regarding spring crepaw cereals and winter
oilseed rape at the national level, based on 34#8eged fields, cultivated with wheat in
2006 (Schmidt, 2009, data and funds provided bysthgstical and prospective service from
the French ministry of agriculture).

Number of Number of Number of Number of
years with years with . years with other Cumulating %
. years with rape % of area
spring crops straw cereals crops over 6 of area
over 6 years
over 6 years over 6 years years
3 3 0 0 18.9% 18.9%
2 4 0 0 15.4% 34.3%
0 4 2 0 11.8% 46.1%
1 4 1 0 10.2% 56.3%
2 3 1 0 5.9% 62.2%
2 3 0 1 4.0% 66.2%
0 5 1 0 3.5% 69.7%
1 5 0 0 3.0% 72.7%
4 2 0 0 2.9% 75.6%
1 4 0 1 2.3% 77.8%
0 6 0 0 1.8% 79.7%

These results show two main types of successioadbas the following patterns: one main

crop and one straw cereal (29%), and one main anoptwo straw cereals (40%). The main
crops are mainly spring crops for short rotatiddgntinuous cereal crops occur on almost 2%
of the French cultivated area, and straw cerealsrdg years out of 6 on 6.5% of the area.

Finally, a typology of practices on oilseed rapeswarried out: a multivariate analysis was
done accounting for the frequency of straw cerealseed rape among other variables. Four
groups were identified and their characteristies @nesented in Table 12, including some of
the variables that were used in the statisticalyaisa as well as other interesting variables,
such as the frequency of ploughing ou TFI.

It is interesting to notice that these four groaps closely linked with the characteristics of
the crop succession. For instance, the group WweHdwest average TFI (group 3) is also the
group with the more diversified crop successior (thwest frequency of straw cereals and
oilseed rape, but the highest frequency of spring.cOther characteristics of IPM production
appear in addition to crop succession diversifozatiowest field area, lowest N rate (even if

P > 4
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differences are low), highest delay of sowing, higgquency of ploughing and also lowest
TFI on herbicide). This group also correspondsehighest yield. However, it occurs on the
lowest area. This group could be characterizeti@$M group.

On the other hand, the group 1, characterized byhtghest average TFI on winter oilseed
rape (and especially on herbicide and insecticide);espond to the group with the highest
frequency of winter oilseed rape and with the lawiesquency of spring crops. This group
also corresponds to the lowest frequency of plaughio the highest amount of N fertilizer
and to the highest field area (this can be linkedhe lower frequency of ploughing). This
group could be characterized as the intensive gootigurprisingly, the yield is the lowest for
this group.

Table 12.Results of the typology of crop protection cultysedctices done on winter oilseed
rape in 2006, regarding all pests, diseases andsn@&shmidt, 2009, data and funds provided
by the statistical and prospective service fromRrench ministry of agriculture).

1 2 3 4 National
Number of fields surveyed 381 364 241 509 1495
Proportion of fields surveyed 25.5% 24.3% 16.1% 34.0% 100.0%
Area 5690 3778 2380 6030 17877
Frequency of straw cereals (nb
over 6 years)* 3.57 3.48 2.73 3.65 3.44
Frequency of oilseed rape (nb
over 6 years)* 2.08 1.55 1.34 1.93 1.78
Frequency of spring crops (nb
over 6 years) 1.47 1.82 1.83 1.62 1.67
Frequency of ploughing (nb ove
6 years)* 1.39 4.85 3.95 4.32 3.64
Sowing date in comparison witt
the usual date (regional averag
in two-week difference)* -0.12 -0.07 0.38 -0.03 0.00
Sowing density (kg-1 ha-1)* 2.85 2.32 2.26 2.85 2.63
Total TFI* 6.88 6.21 5.42 6.78 6.45
TFI herbicides 2.04 1.50 1.54 1.88 1.77
TFI insecticides 3.29 3.07 2.41 3.24 3.08
TFI fungicides (mostly against
sclerotinia) 1.02 1.18 1.12 1.09 1.10
Total N (kg* ha') 163 163 158 163 162
Yield (hkg® ha?) 29.50 30.93 31.35 30.08 30.35
Field area (hd) 14.93 10.38 9.87 11.85 11.96

TFI have been estimated only on the fields surveyedF| are therefore different from the table in the

following section
*variables that have been used to determine the 4aups of the typology
Minimum value, Maximum value

These various cultural practice combinations hgjttkd by the multivariate analysis have
different proportions in the different French retgo (Detailed data on each region can be
found in Schmidt, 2009).

Treatment Frequency Indices for each country

Information has been gathered about pesticide usageeveral countries, including
information about treatment index in winter rapesaed winter wheat in Germany, France,

P > 4
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the UK and Denmark. Data from the four countrieginate from different sources (UK: TFI
data calculated or estimated from data suppliedlbg Food and Environment Research
Agency, Sand Hutton, Yorks. Yield data from Defatistics (Department for Environment,
Food and Rural Affairs). France: Ecophyto R&D mepG@uichardet al. 2009, Germany:
DK: National statistic data on pesticides).

The way TFI values are calculated varies betweeridtr countries. Denmark calculated TFI
taking account separately of each active ingredreany product. In the other three countries
TFI is based on dose rates of complete produces) évhe product contained more than one
active ingredient (a method which was also useDKnup to 2000). Data based on rates of
products rather than on standard doses of actyedents will generally give rise to lower
TFI values. (It is important to highlight the fabait some countries calculated their TFI based
on data about real agricultural practices, e.glUKewhereas others (e.g. Denmark) calculate
it based on selling of active ingredient)

Large differences in pesticide use between countse

There are clearly large differences in pesticidagesbetween the four countries, regardless of
differences in method of TFI calculation, usageDenmark being much lower than in the
other countries. Since the various countries’ st@nboints with regard to pesticide usage are
very different, the potential for reducing usagd aiso vary. It should also be noted that in
large countries there are marked regional diffeeentn Southern France, for example, they
spray much less with fungicides than in Northermnée due to fewer fungal disease
problems.

The UK is the country with the highest usage inhbetnter wheat and winter oilseed rape.
The reasons for such differences are not completer but several factors may be involved:
e More serious disease problems in the UK due tanti@ wet winters associated with
a maritime climate. This encourages fungal diseaskfacilitates the spread of virus
by aphids.
» The use of full rates and of multiple products tmmbat herbicide resistance in the
UK.
« The use in the UK of chemical weed control by lasgale agri-businesses rather than
mechanical weeding which is more labour-intensive @nergy-intensive.
* More risk-averse pest management practices in the U
* The high priority given to maintaining crop yielthe UK, as well as profitability
* Aless rigid policy framework for implementing pesde usage reduction in the UK

As an example of the differences between countties UK has an average yield increase
when using fungicides in wheat of 15 to 25 hkga’. This means that UK farmers are
concerned about yield loss and therefore oftenysprd times per season with fungicides,
although often using ‘split doses’ where the fudlter is applied over two occasions. By
contrast, in Denmark the yield increase due toiftidgs typically varies from 5 to 15 hkg
ha' in winter wheat. This indicates that Denmark haser disease problems than the UK
and can therefore manage diseases with a lowesfdsagicides.

Denmark’s very low level of pesticide use compatedthe other large grain-producing
countries is partly due to the fact that Denmark hkieady incorporated many of the IPM
elements in its cropping plans. The low pesticisage is associated with many years’ focus
on maintaining a low usage level with the aid ofegal initiatives, including:

« Pesticide action plans that focus on intensiveaalvi

Y > 4
*endure Page 23 of 237 é"

diversifying crop protection



ENDURE - Deliverable DR2.16

» Using reduced dosages
» Using damage thresholds, regional warning systerdgacision support systems
» Widespread use of resistant varieties

Table 13. Treatment Frequency Index in cereals and oil sege# from four different
countries.

Winter wheat England 2006 France 2006 Germany 2007Denmark 2007
Herbicides 2.43 1.4 1.9 1.33
Fungicides 2.26 1.6 1.9 0.64
Insecticides 0.96 0.3 1.2 0.2
Molluscicides 0.12
Growth regulatorg 0.97 0.7 0.8 0.18
Total 6.74 4.0 5.8 2.34
Yield t" ha" 8.0 7.2 ?? 7.3
Oil seed rape England 2006 France 2006 Germany 2007Denmark 2007
Herbicides 2.19 1.8 1.6 1.2
Fungicides 1.49 1.1 1.0 0.3
Insecticides 1.22 2.8 2.3 1.2
Molluscicides 0.29
Growth regulatorg * 0.4 0.5 0
Total 5.19 6.0 5.5 2.7
Yield t* ha' 3.4 3.0 3.5
* The choice of fungicide can be influenced by adgitional growth regulatory effect
Winter barley England 2006 France 2006 Germany 2007Denmark 2007*
Herbicides 1.97 1.44 15 1.33
Fungicides 1.32 1.32 1.1 0.5
Insecticides 0.82 0.2 0.7 0.2
Molluscicides 0.02
Growth regulators + 0.63 0.56 0.6 0.05
others
Total 4.76 3.52 4.1 2.0
Yield t* ha' 6.6 6.8 5.8

* Estimated based on winter cereal statistics
Spring barley England 2006 France 2006 Germany 2q07Denmark 2007
Herbicides 1.51 1.16 No data 0.99
Fungicides 1.01 1.05 No data 0.32
Insecticides 0.14 0.1 No data 0.3
Molluscicides 0.01
Growth regulatorg 0.14 0.46 No data 0.04
Total 2.81 2.77 1.67
Yield t* ha" 5.1 5.9 4.9
References

DK: Miljgstyrelsen: Bekeempelsesmiddelstatistikken

Germany: JKI: Network of reference farms for plprdtection — Annual report,

UK: TFI data calculated from data supplied by Tlo@d and Environment Research Agency, Sand Hutton,
Yorks. Yield data from Defra Statistics (Departinfem Environment, Food and Rural Affairs).

France: Ecophyto R&D report Guichaetlal, 2009
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DEXiPM and links to RA2.6a

DEXi-PM has been developed for the assessmentstéisability of current and innovative
cropping systems proposed by system case studygrouENDURE. It is a hierarchical
qualitative multi-criteria model supported by theftware DEXi. It consists in a
decomposition of the overall sustainability intomm@nd more specific criteria, starting with
environmental, social and economic sustainabilkytree of criteria has been chosen by
experts, according to their relevance in terms wdtanability assessment. Criteria are
qualitatively estimated, and aggregated with ifrtldecision rules (to determine the value of a
criterion depending on the value of the immediascendant criteria). Decision rules can be
fixed according to scientific data or expertiseadaptable by the user according to priorities
or context. The importance of each criterion israbterized by weights. The model is
presented in the deliverable DR 2.14.

DEXIiPM is used to estimate a final score for sumgthility for the systems assessed, but can
also be used as an ‘instrument panel’ for the swdity of the system, giving estimated
indicators for each aggregated criterion. It therefprovides good visibility for all aspects of
the sustainability of a given system. The aim ipravide a framework for discussions around
the proposed systems and help the system casetstadplyze the advanced and innovative
systems proposed. The model is still under devetspnand may need to be improved
according to the feedback from the system casey gumlps (maize and winter crops based
cropping systems).

Y T
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Proposals of AS and I1S1 systems for each country

Overview of the crop rotations proposed with calcutions on TFlI

Country|Systems Rotation Average
annual
TFI
DK CS W. barley — W. rape — W. wheat — W. wheat 25
AS I. W. barley — W. rape — W. wheaW. wheat + catchcrqg 1.78
— S. barley
[l. W. barley — W. rape — W. wheat - W. wheat +cbat 1.68
crop — S. barley + catch crop/ undersown ley baBley
IS I. W. barley — W. rape — W. wheaW. wheat + catch crqg 1.65
— S. barley
Il. W. barley — W. rape — W. wheat - W. wheat +cbat 1.57
crop — S. barley + catch crop/ undersown ley baBley
France |CS Bassin Parisien/Sugarbeet-winter wheat-winter oilseed rape-wintef 7.2
wheat
IS Bassin Parisien |(Mustard)-Sugarbeet-Winter Wheat-(Mustard)-Hemp-1.9
Winter Wheat-Winter Oilseed Rape-Winter Wheat
CSPoitou CharenteWinter oilseed rape-winter wheat-winter barley 5.8
AS Poitou Charente§Vinter oilseed rape-winter wheat-winter barley- 2.2
(intermediate legumes)-sunflower-winter wheat
CSBourgogne Winter oilseed rape-winter wheat-winter barley 7.1
IS Bourgogne Winter oilseed rape-winter wheat-spring barley- 0.4
alfalfa-alfalfa-winter wheat-(Mustard)-sunflower-
triticale
UK CS W. wheat — W. wheat — W. rape 6.2
AS I W. wheat — S. beans — W. wheat — W. rape 4.3
I W.wheat — S. beans — W. wheat — S. wheat|— 4.2
rape
I W.wheat - S. beans — W. wheat — S. barl@y.| 3.8
rape
IS1 IS W.wheat — S. beans — W. wheat — S. whé&#. 3.4
rape
NS W. wheat — S. beans — W. wheat — S. barley 3.2
W. rape
lIF  W. wheat — S. beans — W. wheat — Fallow- 3.1
rape
IVS W. wheat —S. beans — S. wheat — W. rape 3
IVS W. wheat—S. beans — S. barley — W. rape 2.
IVF W. wheat — S. beans — Fallow — W. rape 2.
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Denmark

AGRICULTURAL CONTEXT

Site: Denmark — relevant for most soils and climatesughout the country

Soil and climate: sand, sandy loam and loam soils predominate. Fshightly
undulating/sloping and hilly fields create a diwersosaic of the Danish agricultural
landscape. Precipitation is evenly distributed dteryear with an yearly average of 712 mm
for the country. The average temperature i§G.There is a high risk of leaching from sand
and sandy soils during the winter period. Riskaf srosion is generally low apart from steep
fields where some surface run-off soil materialy mecur.

Regional context:intensive crop and pig production, low proportaimon-productive area
Specificity of the farm where the system is proposk rotations of relevance for pig
production. Inverting tillage most commonly usedrdhnial weeds are controlled regularly
and occur at low levels. Wild oats are hand wee@edtified seeds are used in about 90% of
the sown area of cereals.

CURRENT SYSTEM

Crop sequenceW. barley — W. rape — W. wheat — W. wheat

Crop protection strategy. pesticides

Main pest risk: autumn emerging weeds (all crops), especiallggmeeds. Weevil, pollen
beetle (WOSR), aphids (cereals), rust, mildew,@&ptnet-blotch

Expected yield given the contextmedium to high

ALTERNATIVE CROPPING SYSTEM (AS) / INNOVATIVE SYSTE M (I1S1)
Proposed crop sequence for AS/IS1 prototype

l. W. barley — W. rape — W. wheat — W. wheat + catcpe- S. barley
Il. W. barley — W. rape — W. wheat - W. wheat + catdpe- S. barley + catch crop /
undersown ley — S. barley

The two crop rotations proposed constitutes thedénaork of the Danish suggestions for AS
and IS1. The spring-sown crops in a row in rotatiomre expected to suppress annual grass
weeds and cleaver§élium aparing more strongly than rotation I. resulting in a Enweed

for gramicides. Both rotations are considered tguptying the farmer with sufficient amounts
of fodder crops and are thus competitive with aquirrerop rotations typically having even
more winter cereals in the rotation. The TFI igatty low.

Please note that the AS and IS1 systems are akpied in detail in Appendix A.

LIST OF MAJOR TOOLS USED FOR PESTICIDE REDUCTION IN_THE AS
SYSTEM

- Inclusion of spring barley in the crop rotation

- Stubble cultivation

- Crop varieties with disease resistance

- Delayed sowing of winter wheat

- Reduced pesticide doses based on decision supystehs

- Optimized timing of pesticide application

- Extensive use of warning systems to determine deel fior pesticide application
- Inter-row cultivation in winter oil seed rape

- Nutrient placement in spring barley

N 5
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LIST OF DIFFERENCES BETWEEN AS AND IS1

Both AS and IS1 systems are based on the sameatain compositions, which is

explained by the need to supply pig producers wifficient cereal fodder. The major

differences between the two systems are thus tlsunes and tools used in each crop in the
rotation.

The new tools to be implemented in IS1 are listeldw:

- Optimization of systems to manage logistics at feewel: improves timing, capacity and
rounding off of areas because the work is bettgamzed

- Spraying equipment with higher capacity

- Precision agriculture: GPS systems to avoid overtap 5% savings in pesticide use in
Danish farm test. Weed mapping and patch sprayhmgnever possible

- Variety mixtures: minimizes disease attack relativesingle varieties provided that the
varieties are available. Avoid high disease levels

- Species mixtures: winter wheat and winter pea meduless disease attacks in wheat, less
aphid attack. Weed problems more uncertain

- Trap cropping. Flowering bordering zones to tregects

- Better decision support systems. There is stillsmarable room for improving current
systems

- Improved forecasting models, especially againstosigpand aphids. These models should
be integrated with decision support systems

- Mechanical weeding in cereals: only relevant, ifhewbicides are available or extremely
restricted

- Landscape management: diversification schemesagfscnot seen as a useful tool for
practical use.

- Margins management: undesired weed seed spreadosm@ay from cultivated field
boundaries creating room for the growth of annuaédvspecies. However, margins can
act as barriers for the spread of especially péatmreeds if the boundaries are cultivated
frequently enough to prevent weed seed productnmhvegetative spread of perennials.
Beneficial for insect control, margins serve asgibr and reservoir for predating insects.

- Stewardship schemes

- Harvesting techniques: collecting weed seeds dumargest operation, spot mapping of
individual weed species during harvest operatiosupport subsequent patch spraying in
subsequent years (especially mapping thistles angdhcgrass appears relevant in this
context)

- Development of band-spraying techniques against-irtiw weeds in oilseed rape

- Adjusted fungicide dosage according to crop biomass

- Soil management: adjusted according to need anblgmmo Inversion tillage can be
avoided in some years

TFI ANALYSES

Table 14 shows the TFIs for herbicide, fungicidd arsecticide uses in the individual crops
included in the current systems (CS), AS and IStesys. The TFIs for AS and IS1 are based
on experts judgements of the needs. In contrasietd FI calculations for France and the UK,
the Danish TFIs are based on active ingredients.

Y T
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Table 14. TFIs for herbicide, fungicide and insecticide usesach crop included in the
current (CS), AS and IS1 systems.

Based on
2007 data TFICS ASI ASII IS | IS I
Herbicides w. barley 1.33 1 1 0.95 0.95
w. oil seed
rape 1.2 0.5 0.5 0.5 0.5
w. wheat 1.33 1 1 0.95 0.95
w. wheat 1.33 12 12 11 11
spring barley 0.7 0.7 0.65 0.65
spring barley 0.7 0.65
Fungicides w. barley 0.5 0.4 0.4 0.4 0.4
w. oil seed
rape 0.3 0.2 0.2 0.2 0.2
w. wheat 0.64 0.6 0.6 0.5 0.5
w. wheat 0.64 0.6 0.6 0.5 0.5
spring barley 0.25 0.25 0.25 0.25
spring barley 0.25 0.25
Insecticides w. barley 0.2 0.2 0.2 0.2 0.2
w. oil seed
rape 1.2 1.2 1.2 1 1
w. wheat 0.2 0.15 0.15 0.15 0.15
w. wheat 0.2 0.15 0.15 0.15 0.15
spring barley 0.25 0.25 0.25 0.25
spring barley 0.25 0.25
Growth
regulator w. barley 0.05 0 0
w. oil seed
rape
w. wheat 0.2
w. wheat 0.2
spring barley
spring barley
Round up 0.5 0.5 0.5 0.5 0.5
Total 10.02 8.9 10.1 8.25 9.4
For rotation 2.5 1.78 1.68 1.65 1.57
DEXiPM ANALYSES

Current system (CS) W. barley — W. rape — W. wheat — W. wheat

Alternative system (AS) W. barley — W. rape — W. wheat — W. wheat + catdp — S. barley
Innovative system (IS1) W. barley — W. rape — W. wheat - W. wheat + caticdp — S. barley + catch
crop/undersown ley — S. barley

Context of the analysis

For the comparison of the systems it is assumetdthieafarmer is a pig producer with a sandy soil
type. As mentioned previously, this increases igleaf leaching during the winter period. Risk ofls
erosion is generally low apart from steep fieldserehsome surface run-off of soil materials may
occur. It is assumed that this is not a problenthis comparison.

Inputs to DEXiPM
In order to give a detailed background of the caiispa of the Danish systems, the following table
presents the inputs and comments on the choiagat.iWhen looking at the inputs, it becomes

Mg A ~ 4
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obvious that there are not major overall differenbetween the inputs of the three systems. This is,
however, due to the choice of rotation. They ameseh because they can be implemented in a Danish
context without major obstacles to the Danish famfbesides economy).

Option Current system Alternative system Innovasiystem Comment
Leaching risk (soil and climate) Very high Very hig Very high Fixed for comparison
Runoff risk due to context Low Low Low Fixed formparison
Field erosion risk due to context Low Low Low Fixfed comparison
Hydromorphic soil No No No Fixed for comparison
Fixed for comparison — assumed that the
Potential yield Medium to high Medium to high Meido high sperz:(i)ftiinst;asltglr\il.dl o ﬁ';‘:L‘;T;gléh;el d
AS and IS should be lower.
. . I Not favourable to Not favourable to Not favourable to Assumed that the area is mainly openr
Regional intensification biodi ] S . g ] )
iodiversity biodiversity biodiversity field
Availability of uncropped land Very low Very low Vg low In pig producing areas of DK
Non-productive areas Low proportion Low proportion Low proportion In pig producing areas of DK
The farmer will not earn the same
Average market price Low to medium Very low Verwlo amount of money from spring cereals 3s
from winter cereals
Labour hourly wage Very high Very high Very high The Wi?)?r?plgreD thgrtehgfgg z;lflyE\Gery high
_Lo_cal _availability of water for High High High There are currently no restrictions to
irrigation water use
Implementing the AS and IS-systems
Financial security of the farm Medium Low Low will reduce the income of the farmer and
thereby the financial security
Number of crops Medium to low High High See thedtliggion of the systems
Proportion of summer, late-harvest v Currently not relevant for a pig producgr
ery low Very low Very low h -
crops (climate, fusarium etc.)
Crop type 1 type 3 types 3 types Winter, spring eatdh crops
Due to oilseed rape. Catch crops are not
Crop effect on pollinators Little favourable Litlavourable Little favourable important in this case due to late
establishment
Addlthnal seed cost of crop species No Moderate Moderate Catch crops cost money
or cultivars
Sowing density Medium Medium Medium Will not be chaPagifnderssl;gmflcantly by the
. . ) ] In all rotations fields are green in more
Soil cover High High High than 61% of the year
$E: 2; ;Eizti:;gge 8 545 g ff g 353 For the CS, officigl data are available.
— Other data are estimated based on exgert
TFI of herbicide 1.30 0.88 0.80 knowledge
Total Pesticide TFI 2.51 2.18 1.98
Pesticide mobility High to medium High to medium gHito medium Worst case due to sulfonylureas
Pesticide eco-toxicity Medium to low Medium to low Medium to low Due to the strict approval system
. . L . . - This input only makes sense for
Soil cover at pesticide application High High High herbicides under DK conditions
Intensive pig producers apply N as
Mineral N fertilizer applications Low Low None slurry. Catch crops reduces the allowed
amount, therefore none in the IS
Organic N fertilizer applications High High High Slurry
Organic amendments Very low/none Very low/none \Memy/none
Covgrage of crop Nitrogen Balanced Balanced Balanced On average 10% below economical
requirement optimum
Mineral P fertilizer applications None None None eo P in the slurry
P surplus Low Low Low Due to the limitations in N, it _usually fitg
with the recommendations
Mineral K fertilizer applications None None None @io K in the slurry
3 sprayings and 1 time fertilizer as a
minimum (winter barley). Maximum 6
Total number of treatment operations 4-7 4-7 4-7 sprayings and 2 times fertilizer (oilseed
rape), therefore the average is betweer] 4-
7
Deep tillage Every year Every year Every year Due to the benefits on weeds in
Inversion tillage With inversion With inversion \Wiinversion particular
Superficigl tillage i_n the crop None 1 per year 1 per year Only relevant in OSR, but need
(mechanical weeding) graduation
(Siﬁgig:ﬁﬁlfg:ls?zeﬁ“&e;n crops 1-3 per year 1-3 per year 1-3 per year Rathern 3ha
Irrigation High High High Due to the soil type
Compared to other parts of Europe it i
Risk of water stress Medium Medium Medium low, but compared to other Danish soils
it is high
Fuel consumption at harvest Medium Medium Medium Need values? Whé.lt IS IO.W? Which datp
are behind this?
If there is money in the straw, or it is
Stubble/straw management Exported or burn| Not eedo Not exported used for bedding, it is exported. Often |t
is chopped. Burning not allowed
(N:e:jpagty of crop sequence to uptake Medium to low High to medium High to medium Dueitioreasing use of catch crops
uring the leaching period
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Yield reduction due to system, other

Due to choice of other species. Spring

@

o Qo

]

than nutrition and pests o weeds No Medium High barley yields Iesg _than wheat and hag
lower nutritional value
Habitat management None None None Not possible with the low amount of
Habitat management quality None None None non-cropped area
Pest control High High High All systems vyill provide the farmer with|
satisfactory control
Number of hours Medium to low High to medium Highrhedium Increased time Z:eceded for monitoring
In the system based on winter crops, t
Risk of simultaneous operations, du¢ . risk is higher due to the fact that all
e f Medium Low Low ) e
to a limited number of suitable days operations have to be performed withinja
short period.
More difficult in the more complex
Physical difficulty and disturbance Low Medium Medi systems. Maybe not so different in thege
3 cases
Heavy metal contamination None None None Not raleirmthese systems
Proportion of gross margin due to ) ) . All crops are considered main crops ar
b High High High no crops can be left out due to the ne¢
main crop
for fodder.
Risk of pesticide residuals in produci None None n&o . .
Risk of mycotoxin contamination None None None Due to the strict approval system in Dh
The current practice is leading to
Production risk Medium Low Medium uncontrollable problems in the future, t
IS gives higher risk of production
Pest pressure Medium Low Low The AS and IS should provide a bette

protection from the beginning

Quantity of rain during late harvest

High to medium

High to medium

High to medium

Impossible to estimate, varies from one
year to another

Requirement for agricultural
equipment

Low-none

Low-none

Medium

IS may require investment in equipment
for mechanical weeding

Risk of pesticide drift due to material

Low or ngpéication

Low or no application

Low or no appliat

Use of low-drift nozzles and other
factors is implemented in all arable
rotations

Farmers’ and employees’ knowledge

The IS requires increased awareness gnd

2]

» D

and skills Low Medium High knowledge by the farmer and employeg
Affiliation to a Affiliation to a Affiliation to a
- network network network . ’ A
Affiliation to a farm support network corresponding to the| corresponding to the| corresponding to the ?1'2'236'; ;algg?g‘: Z{;ﬁgplg??ngz al(’:ic:/l:c
strategy strategy strategy ’ 9 9
— - where relevant
Availability of relevant advice for the ) . )
High High High
strategy
Environmentally based direct None None None
subsidies in support of the strategy There are currently no such subsidieg
Non—_eerlrt_JnmemaIIy based direct None None None available for the suggested systems
subsidies in support of the strategy
Most operations, also in the IS systems
Access to relevant technologies Easy Easy Possible can be made with already available
material
Delivery constraints None None None Most of the produced will be used for
fodder on-farm
Compatibility with It is assumed that all crops will meet the
technological/aesthetical High High High required standard needed for fodder, ofl,

requirements

etc.

Compatibility with certification
requirements

No certification
requirement

No certification
requirement

No certification
requirement

3

Assuming that all crops are used on fal
except WOSR which is assumed to bg
able to meet the requirements

Valuation or devaluation of price dug

=

B Neutral Neutral Neutral No change in the amourtasth crops
to crops in the crop sequence
Valuation or devaluation of price dug It is still assumed that the WOSR will
to quality and certification Neutral Neutral Neutral meet the requirements needed. All othe
requirements crops are used for fodder
Reluctance/reservation of the farme The farmers use the CS because it gives
None Yes Yes them the highest profit (money and
to adopt the strategy
fodder)
Social accessibility of product for Accessible Accessible Accessible Really only a fmwbfor WOSR
consumers
. . . Higher proportion of catch crops MAY
Societal value of landscape Indifferent Indifferent Good improve the perception of the landscage
Acceptability of the strategy by Indifferent Indifferent Indifferent Society is never involved in the

society

strategies
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Analysis and discussion

In Figure 1 the overall sustainability of

the three proposed systems is shown.

The results indicate that the overall
sustainability is lower for the
Alternative and Innovative systems, Isipk
compared to the Current system.

The reasons for these differences should

be found in the underlying attributes
forming the basis for the overall
sustainability (the economical, social >
and environmental sustainability). These

3 attributes are shown in Figure 2.
Apparently the suggested cropping
systems have the same impact on the
environmental and social sustainability. cyrent cs
Looking at the input affiliated with the

social sustainability, this is however not
surprising, as they are supposed to be

very‘ low Iol/v meélium hiéh very‘ high
the same for all three systems. OVERALL SUSTAINGI

Figure 1. Overall sustainability of the proposed Dar

systems.
Current CS AS_DK
ECONOMICAL SUSTAINABILITY ECONOMICAL SUSTAINABILITY
SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAIN SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAIN
151.0K Figure 2. Comparison of the 3 attributes

ECONOMICAL SUSTAINABILITY

Economical, Social and Environmental
sustainability for the proposed systems.

SOCIAL SUSTAINABILITY " ENVIRONMENTAL SUSTAIN

Of highest importance to the farmer is the econamy environment. These two aspects will therefore
be analyzed separately in the following sections.

- VA
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Economical sustainability

As shown in Figure 1, the overall sustainabilityawer for the AS and IS systems compared to the
current CS. By looking at Figure 2, the reasontliig must be found in the economical sustainability
as the environmental and social sustainability thee same for the 3 systems. The economical
sustainability is made up by the two attributesfiRrboility and Viability. The profitability is veryow

for all three rotations, whereas the viability igdium for the current system and low for the AS and
IS systems. Looking at the two attributes separateleals that even though the profitability
apparently is very low for all three systems, theddyis higher for the CS and AS, and the sellingep

is higher for the CS system, due to the higher gpetdn value. In Figure 3, the costs (except lapour
are compiled. The costs are more or less similathi® three systems, although the costs of pesetcid
are lower in the IS system compared to the other dystems and the costs of seeds higher in the
alternative systems than the Current CS (due teased amount of catch crops).

CurrentCS AS_DK
Cost of pesticides Cost of pesticides

Cost of fenilizers Cost of irrigation Cost of fertilizers Cos1 of irrigation

Cost of fuel Cost of seeds Cost of fuel Cost of seeds

151_DK

Costof psicdes Figure 3. Comparison of costs between
’ the three proposed systems.

Cost of fenilizers Cost of irrigation

Cost of fuel Cost of seeds

Apparently, the reason why the profitability is tb@me for the three systems is the shifted balance
between incomes and costs. What is saved in pdesids lost in yield and vice versa. It is not clea
why this is the case. Maybe the underlying atteBudre not sensitive enough to include all asp¥cts
the systems. However in practice, the current sysias the overall advantage of providing the farmer
with a higher and stable yield for feeding the pégel thereby increasing the gross margin and the
profit. The money is not only made in the field.

The viability of the systems is lower for AS andsh&tems than for the Current CS. This is, accgrdin
to DEXiPM, due to a higher investment capacity loé Current CS compared to the AS and IS
systems. As mentioned in the input-table, thisrnesalt of the increased production risk in the a8l

IS systems due to the changes made to the croppstgm. This could be visualized by including one
crucial input factor in DEXiPM, and that is the cak gross margin of the farm. In Denmark an
analysis of the farm economy shows that first sewbed year wheat always gives the highest profit to
the farmer, even when it is corrected for the popo/alue (e.g. winter oilseed rape is a better pre
crop than wheat). With spring barley giving a siigaintly lower profit, it requires convincing
arguments, e.g. uncontrollable pest problems, adigul, lower availability of pesticides, etc. to
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convince the farmer to change practice. An exampbier Danish conditions is the control\ailpia
myuros(Rat’s-tail Fescue). It is not easy to controlhatihe approved herbicides, and rapidly becomes
a massive problem in winter crop-based croppingesys. This problem has convinced several
farmers to change their crop rotation and manageprauwtice.

Environmental sustainability

Even though the proposed AS and IS systems shad b positive impact on the environment
compared to the current CS, there are no diffesentehe environmental sustainability. Looking at
the inputs, there are also not many differences. gdsticide use is, however, lower in the AS and IS
systems compared to the current CS. In Figure el thihee attributes making up the environmental
sustainability are presented. It is evident thatehvironmental quality is the parameter makinghep
difference in the environmental sustainability,iwtihe quality being higher in the AS and IS systems

Current CS AS_DK

Environmental quality Environmental quality

above soil biodiversity Resources use above soil biodiversity Resources use

1S1_DK

Environmental quality Figure 4. Comparison of the three

5 parameters making up the environmental
sustainability of the proposed cropping
systems.

above soil biodiversity ] - Resources use

The environmental quality consists of 3 attributess, water quality, soil quality and air emissions
The only parameter showing any difference betwhersystems is the water quality, being higher for
the AS and IS systems than for the current CS (asttzhown). Water quality is again composed of 3
attributes, i.e. eutrophication potential, grountiwajuality and aquatic ecotoxicity. Whereas bbih t
AS and IS systems has a lower eutrophication palfetitan the current CS, only IS has a lower
aquatic ecotoxicity (data not shown). The diffelent eutrophication potential occurs due to a lower
nitrate leaching from the AS and IS systems. Thidue to the fact that the input termed “Capadity o
crop sequence to uptake N during the leaching geisodifferentiated between the three systems as a
consequence of the positive impact of the catcpscréhe difference in aquatic ecotoxicity origirsate
from the difference in the input “Total pesticid€&IT, which is one level lower for the IS system
compared to the AS and CS. It is, however, surggithat the model is not able to simulate the rathe
large decrease in TFI between the CS and AS sysiEmessensitivity of the model clearly needs to be
improved, as the large decreases in total pestisdenave already been made in Denmark.

It should be noted that the inputs made for thepaoison is to a large extent based on qualitative
estimates. The results of the comparison shoulcefike not be used to choose one system over
another, but rather to uncover relevant questionshfe user. Therefore, the ability of DEXiPM as a
tool to evaluate the performance of different crofations is limited. As long as the inputs areeoas
solely on the perceptions of individual persong aat data, it is difficult to draw reliable conslans
from the model.

! ?agg,yng Page 34 of 237



ENDURE - Deliverable DR2.16

Conclusion

The suggested alternative and innovative systempgoged are not very different from the current
practice. This is a deliberate choice, as the pyng@al of the Danish farmers is to run a profieabl
farm with the least risk to the production. Esplgitor the pig producers, it is of primary imponize
that the cropping system is capable of supplyirfficsent food for the pigs. On average, spring bgrl
yields 10% less than a winter wheat. Furthermdre nutritional value of spring barley is lower than
for wheat. Replacing spring barley with anothemci® not possible, as the only two alternatives are
spring wheat and oats, which both gives lower w¢ltn spring barley.

Based on the inputs given, it is concluded thatptoposed AS and IS systems are beneficial to the
environment, more specifically the leaching of mautts and the use of pesticides (only for the IS

system). It is however also concluded that althotigh profitability remains the same for the three

systems, the viability of the AS and IS systemsreleses. Under the current financial situation in

Europe, it is unlikely that the farmers want tolviae allowed to change their practice into a more

risky production. The motivation to implement a em¢®M-like approach should therefore come from

another source (subsidies, changes in CAP instrigneesticide taxes, regulations, uncontrollable

problems, new markets (e.qg. fibre or fuel crop).e

UK

» Context
P Site: main predominantly arable area of England
» Soil and climate:clay and clay-loam with maritime climate
F Regional land-use contextpredominantly arable

% Current system
P Crop sequencewinter wheat - winter wheat - winter oilseed rape
k Crop protection strategy. pesticides and cultural control
F Main pest risk: grass weeds especially black grass/bromes @tisgr aphids / virus
(WW/WOSR), flea beetle and pollen beetle (WOSR)gs] pigeons, fungal diseases,
especially Septoria (resistance)/yellow rust, phtigte leaf spot/sclerotinia on OSR.
P Expected yield given the contextnational average or above

* Alternative system

Proposed crop sequences for AS

Improving environmental sustainability, spreadimg tworkload, black grass containment,
better disease and pest management by reducingngee®f cereals in rotation, breaking
‘green bridge’ between cereals (take-all, virugy anore years between OSR crops:

Rotation I, four-year, high proportion of first wdtecrops:
winter wheat
spring beans
winter wheat
winter oilseed rape

Y T
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Rotation I, five-year, more spring crops:
winter wheat
spring beans
winter wheat
spring milling wheat / spring malting barley
winter oilseed rape

* Innovative system 1

Proposed crop sequences for IS1

Further improving environmental sustainability ggadential for spreading the workload,
potential for fallow and/or increased proportiorspfing-sown crops for increased black
grass containment and better disease and pest srarat

Rotation lll, five-year, wider choice of spring g option of fallow:
winter wheat
spring beans (or other non-brassica dicot spring)cr
winter wheat
spring milling wheat / spring malting barley / faN
winter oilseed rape

Rotation IV, four-year, smaller proportion of firsheat crops, higher proportion and wider
choice of spring crops, option of fallow:
winter wheat
spring beans (or other non-brassica dicot spring)cr
spring milling wheat / spring malting barley/ fallo
winter oilseed rape

Please note that the AS and IS1 systems are skpied in details in Appendix A.

LIST OF MAJOR TOOLS USED FOR PESTICIDE REDUCTION IN THE AS SYSTEM FOR
THE UK

System-wide tools
1. Crop sequence:
* Introduction of spring crops and greater taxonowaigety of cropping for pest
management particularly containment of grass wessjsecially black grass.
Provide overwinter stubbles for predators of inekrate pests and weed seeds,
including birds. Break ‘green bridge’ for cereabfgeand diseases.
* Lengthening the rotation: more years between O®Bscto help disease control
2. Pesticide targeting and resistance management:
» Ensure effective use of pesticides strictly acauydd need, using economic
thresholds and decision support systems (implertientaf available tools).
3. Tillage:
* Minimize tillage and chop straw wherever possiblednserve natural enemies
associated with soil and to conserve energy
e Consider ploughing for grass weed management bafsezond cereal
» Before spring crops plough if necessary in springa(itumn on heavy land) to
create seedbed and to control weeds.

P > 4
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4. Habitat management for conservation biologicaltil, providing non-crop refugia and
resources for natural enemies of invertebrate pests
* Field scale:
P provide overwinter stubbles,
minimize tillage,
beetle banks,
wild flower margins,
grassy margins,
P hedges.
* Landscape scale:
P maintain spatial and temporal diversity of cropping
F rotations including an entomophilous crop (e.g. VIRO§pring beans);
k diversity of non-crop areas, e.g. woodland, gameico
P high connectivity of non-crop habitats to faciléahovement of natural
enemies.

b . .

Tools for different pest groups
Weed management:
» Use higher seed rates and cultivars with strongpstitiveness where weeds are
problematic
» Spot mapping and targeting of weeds
Disease management:
» Use of resistant cultivars
Invertebrate pest management:
» Habitat management for conservation biological cdr{see above)
* Minimize tillage to conserve natural enemies
» Use of resistant cultivars
* Plough for slug control

LIST OF MAIN DIFFERENCES BETWEEN AS AND I1S1 FOR THE UK

« Widening the choice of dicot break crops (e.g. pkaseed, other minor crops) to
diversify crop taxa, reduce pest pressure andrfastersity of natural enemies.

* Option of increasing the proportion of break cropthe rotation.

* Option of introducing a fallow where managemengi@ss weeds is particularly
difficult.

* Dirilling OSR into wide-rows (~50 cm) to minimizéléige and enable:
b inter-row weed management (mechanical weeding wherbicide resistance is a

problem, or targeted herbicide)

b targeted nutrient application to avoid fertilizimgeds
P potential for targeted applications of other pédés

* GPS - controlled traffic system to save fuel anth@a emissions, reduce soil
compaction and crop damage

» GPS - controlled pesticide applications for acaupasticide targeting and
stewardship, reducing TFI

» Trap cropping for pest management in oilseed rape

* Improved and new decision support systems
New resistant crop cultivars

ey T
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TFI ANALYSES ON AS AND IS1 SYSTEMS

Derivation of TFIs and TFI reductions

The baseline for the UK study is practice in Englan2006. TFIs for CS are calculated from
Pesticide Usage Survey (PUS) 2006 data for Englapglied by The Food and Environment
Research Agency (Fera), or are estimated from P&at§ for 2006. TFIs for AS and IS1
rotations are calculated according to TFI redudci@stimated to be associated with the
practices proposed for each system. TFl reductamesestimated on the basis of expert
knowledge and, for insect pests, PUS data and ®iaptor data for 2006 (Central Science
Laboratory and Home Grown Cereals Authority). Thesemates are itemized in the ‘Crop
protection strategy’ tables for the UK in Appen@ixN.B. the percentage reductions are not
additive but cumulative; they are applied succedgito the TFI associated with CS values to
produce the figures given in Table 15).

Estimates of TFI reductions are intended to be ewagive. For example, although there is

good evidence for the influence of habitat prowisio the landscape on numbers of natural
enemies there is much less data on the effectesinnumbers and crop damage. This effect
is therefore conservatively estimated as a 10%ctemtu The effects of changes in crop

sequence and landscape are estimated but no addlidibowance is made for any cumulative

effect over time that might be expected. Seed argssare not included in this study. The

recent introduction of neonicotinoid insecticidedalressings may allow further reductions
in TFI of insecticide sprays.

Note that in IS1 it is expected that fallow woulé kmployed only when grass weed
management and/or resistance is an urgent prolblenthis reason the baseline herbicide use
for fallow fields is estimated to be two total hiertes.

Y T
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Table 15.TFls for all pesticide groups for each crop inéddn the UK current (CS) and
proposed alternative (AS) and innovative (IS1) eyt .
All

System  Crop pesticides Herbicide Insecticide  Fungicide Molluscicide PGR*
cs W. wheat 6.74 2.43 0.96 2.26 0.12 0.97
S. wheat 4.42 1.51 0.43 15 0.01 0.97
S. barley 2.81 1.51 0.14 1.01 0.01 0.14
S. beans 3.58 1.1 1.28 1.16 0.04 0
WOSR 5.19 2.19 1.22 1.49 0.29 0
Fallow 2 2 0 0 0 0
AS W. wheat 5.59 1.73 0.59 2.23 0.07 0.97
S. wheat 3.56 0.86 0.30 1.42 0.01 0.97
S. barley 2.02 0.86 0.05 0.96 0.01 0.14
S. beans 2.72 0.77 0.98 0.94 0.02 0.00
WOSR 3.33 1.70 0.19 1.27 0.18 0.00
IS1, no  W. wheat 4.89 1.64 0.47 1.78 0.07 0.92
fallow g \yheat 2.97 0.82 0.10 1.13 0.01 0.92
S. barley 1.77 0.82 0.05 0.76 0.01 0.13
S. beans 2.11 0.73 0.51 0.84 0.02 0.00
WOSR 2.12 1.47 0.15 0.34 0.17 0.00
IS1 with W. wheat 4.88 1.64 0.47 1.78 0.07 0.92
fallow g \yheat 2.97 0.82 0.10 1.13 0.01 0.92
S. barley 1.77 0.82 0.05 0.76 0.01 0.13
S. beans 2.11 0.73 0.51 0.84 0.02 0
WOSR 211 1.47 0.15 0.34 0.16 0
Fallow 1.70 1.7 0 0 0.00 0

*PGR = Plant growth regulator

Y T
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Table 16. Reduction in Treatment Frequency Index for UK jmsgd alternative (AS) and innovative (IS1) cropmggtems in comparison with
the current (CS) cropping system.

Effect of crop sequence Effect of crop sequence
change plus changed practices
Rotation System  No. Yearl VYear2 Year3 VYear4 Yearb Mean TFl 9% change in Mean TFI p.a. % change in
no. years p.a. TFI p.a. TFl p.a.
- Current 3 Www Www WOSR 6.2 6.2
I AS 4 WW S Beans WW WOSR 5.6 -11 4.3 -31
I AS 5 Www S Beans WW S Wheat WOSR 5.3 -14 4.2 -33
1l AS 5 WW S Beans WW S Barley WOSR 5.0 -20 3.8 -38
I (S) IS1 5 WW S Beans WW S Wheat WOSR 5.3 -14 3.4 -45
1 (S) IS1 5 WW S Beans WW S Barley WOSR 5.0 -19 3.2 -49
I (F) IS1 5 WW S Beans WW Fallow WOSR 4.9 -22 3.1 -50
IV (S) IS1 4 WW S Beans S Wheat WOSR 5.0 -20 3.0 -52
IV (S) IS1 4 WW S Beans S Barley WOSR 4.6 -26 2.7 -56
IV (F) IS1 4 WW S Beans Fallow WOSR 4.4 -30 2.7 -57
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Current System (CS):W. wheat — W. wheat — W. oilseed rape
Alternative sytem (AS): W. wheat — S. beans — W. wheat — W. oilseed rape
Innovative system (IS1):W. wheat — S. beans — W. wheat — Fallow — W. eds&pe

Context of the analysis

For the DEXiPM comparison of the systems, the feerassumed to be an arable farm in the east of
England with a clay/clay-loam soil type. Leachimgkris high to medium and runoff risk is medium
due to the high rainfall in the UK.

Inputs to DEXiPM

The following table presents the choice of DEXiPivut settings used for the comparison of UK
systems. There are rather few differences betwleerinputs of the three systems as reductions in
pesticide use depended to a significant extenthenchoice of crop sequence. The inputs chosen
reflect the current agricultural practices and ¢éhdisat would be acceptable to UK growers in the
future to maintain productivity and profit.

Option Current system Alternative system Innovasystem Comment

Leaching risk (soil and climate) High to medium Hip medium High to medium Fixed for comparison

Runoff risk due to context Medium Medium Medium &dixfor comparison

Field erosion risk due to context Low Low Low Fixfed comparison

Hydromorphic soil No No No Fixed for comparison

Potential yield Very high Very high Medium to high Fixed for comparison

Regional intensification Not _fav_oura_ble to Not _fav_oura_ble to Not _fav_oura_ble to Assumed that the area is mainly
biodiversity biodiversity biodiversity farmland

Availability of uncropped land Very low Very low boto medium lmeziz%sgégﬂxgﬂ:gﬁ{ rgﬂl&\;’\ésdanc

Non-productive areas Low proportion Medium propmti Medium proportion Intensive agricultural area with landcap

and high connectivity

management

Average market price

Medium to high

Medium to high

Medium to high

Assuming prices remain stable

Labour hourly wage

High to medium

High to medium

ghlto medium

The wages in the UK are generally hig
compared to the rest of EU

Local availability of water for

irrigation Medium Medium Medium Little use of irrigation

Financial security of the farm Medium Medium Medium Needs to remain the same

Number of crops Medium to low Medium to low Medigaonlow See the description of the systems

Proportion of summer, late-harvest . . Currently none, would increase in AS

Very low Medium to low Medium

crops and IS

Crop type 1 type 2 types 3 types Winter, springpsrand fallow

Crop effect on pollinators Little favourable Favable Favourable Beneﬁ‘t Of. fo mlsegd rape, increasing

with introduction of beans

Adqunal seed cost of crop species Moderate Moderate Moderate Standard seed prices

or cultivars

Sowing density Medium Medium Medium Will not be changed significantly unles:

grass weed problem

Soil cover High High High In all rotations soil cewis high

TFI of insecticide Medium Low Low For the CS. actual dat ilabl

TFI of fungicide High Medium Low or the L5, actual data were avaiiabla.
— - - - Other data are estimated based on exq

TFI of herbicide High Medium Medium knowledge

Total Pesticide TFI High to medium Medium to low dem to low

Pesticide mobility

High to medium

High to medium

gHito medium

Worst case due to sulfonylureas

Pesticide eco-toxicity

Medium to low

Medium to low

Medium to low

Due to the strict approval system

Soil cover at pesticide application Medium Medium Medium Applications throughout year

Mineral N fertilizer applications Medium Medium Mieidh Required to maintain yield

Organic N fertilizer applications None None None

Organic amendments None None None

Covgrage of crop Nitrogen Balanced Balanced Balanced Only use as necessary

requirement

Mineral P fertilizer applications Medium Medium Macdh Usually with N

P surplus Low Low Low Only applied as required

Mineral K fertilizer applications Low Low Low Onlgpplied as required

\ . 1% 4
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Total number of treatment operations 8 or more 4-7 4-7 As few as possible with tank mixing
Deep tillage Less than half Less than half Lesn tiadf Due to the benefits on weeds in
Inversion tillage With inversion With inversion Wiinversion particular

Superf|0|§l tillage in the crop None None 1 per year Only relevant in OSR
(mechanical weeding)

Superficial tillage between crops

(including false seedbed) 1-3 per year 1-3 per year 1-3 per year Ratheri 3ha

Irrigation None None None Plenty of rain in thg U

Risk of water stress Low Low Low Compared to ot?oevl;parts of Europe it
Fuel consumption at harvest Medium Medium Medium efficient as possible

Stubble/straw management

Not exported

Not exported

Not exported

. Often it is chopped. Burning not
allowed

Capacity of crop sequence to uptake
N during the leaching period

Medium to low

Medium to low

Medium to low

Yield reduction due to system, other|

Due to choice of other species. Spring

than nutrition and pests or weeds No Medium Medium crops yield less than winter wheat
Low increase of %
Habitat management None Low increase non—prqductlve areas
and increase of Farmers keen to be green
connectivity
Habitat management quality Favourable to flora desable to flora Favourable to flora
Pest control High High High All systems v_V|II provide the farmer with|
satisfactory control
Number of hours Medium to low Medium to low Mediganlow AS and IS1 aim to spread workload
Risk .Of _S|multaneous ope_ratlons, dug Medium Low Low AS and IS1 aim to spread workload
to a limited number of suitable days
Physical difficulty and disturbance Medium Medium ebtilum AS and IS1 aim to spread workload
Heavy metal contamination None None None Not releirathese systems
Proportion of gross margin due to ) . . . .
main crop High High High All crops are considered main crops
Risk of pesticide residuals in produc Medium te lo Medium to low Medium to low Approval system with limits in the UK
Risk of mycotoxin contamination Medium to low Mediuo low Medium to low pp Y
Production risk Low Low Low Grass weeds the main problem, AS ar
IS1 provide control phase
Pest pressure Medium Medium Medium Pests remain, but should get better

control

Quantity of rain during late harvest

High to medium

High to medium

High to medium

Impossible to estimate, varies from on
year to another

Requirement for agricultural

D

equipment High High High Standard machinery
Risk of pesticide drift due to material Medium Mehi Medium Sprays stil reqw:g(i, even under AS a
Zﬁ&n;ekhgnd employees knowledge High High High UK farmers well educated and effitie
Affiliation to a Affiliation to a Affiliation to a
- network network network . .
Affiliation to a farm support network corresponding to the| corresponding to the| corresponding to the Aggﬁfng?zve:?eisseo‘?\rg?ii?;ﬁé ai\é'gﬁ
strategy strategy strategy w ing ISt ! Y
— - afford not to.
Availability of relevant advice for the ) . .
High High High
strategy
Environmentally based direct ; . )
subsidies in support of the strategy High High High Various government-funded schemes
Non-environmentally based direct ) ) ) place
subsidies in support of the strategy Medium Medium Medium
Most operations, also in the IS system
Access to relevant technologies Easy Easy Possible can be made with already available
knowledge/material
Delivery constraints None None None Efficient tiaois network available
Compatibility with
technological/aesthetical * * *
requirements
L I High or no High or no High or no
Compatibility with certfication certification certification certification

requirements

requirement

requirement

requirement

Valuation or devaluation of price dug

. Neutral Neutral Neutral No change in the amourtasth crops
to crops in the crop sequence
Valuation or devaluation of price dug
to quality and certification Neutral Neutral Neutral No change in the amourtash crops
requirements
Reluctance/reservation of the farme None * * As and IS1 designed to be “acceptablg
to adopt the strategy
Social accessibility of product for Accessible Accessible Accessible Really only a gobfor WOSR
consumers
Societal value of landscape Indifferent Good Good
Acc_eptab|l|ty of the strategy by Indifferent Acceptable Acceptable Fam_nng perceived to be_ less
society environmentally damaging
\ = P
4 * *
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Analysis and discussion

In Figure 5, the overall sustainability of the thq@oposed systems for the UK is shown. The
results indicate that the overall sustainabilitynaeéns the same for the Alternative and
Innovative systems, compared to the Current systm all three being assessed to give a
‘medium’ level of overall sustainability. At firgight, this result might appear to indicate that
the proposed AS and IS systems had succeeded maimang productivity and profitability
despite a reduction in the proportion of winter athi@ the rotation and the introduction of
lower yielding spring crops, an outcome thauid be very acceptable to the agricultural
industry. However, more detailed analysis highkgdifferences between the systems in the
ways that the overall level of sustainability washiaved (Figure 6). Whereas the social
sustainability of each of the three systems wassistantly assessed as ‘high’, DEXiPM
suggested that the environmental sustainabilityrawgd from low (CS) to medium (AS &
IS) and that this was counterbalanced by a desgilieeonomic sustainability from low (CS &
AS) to very low (IS1) (Figures 6 and 7). Thus dueion in the environmental footprint of
the industry appears to have been achieved aéxpense of profitability and (probably)
productivity, a change that would have importanplications for policymakers as well as
farmers.

UK IS1

UK AS

UK CS

very‘ low |O{N me&ium hiéh very‘ high
OVERALL SUSTAINABILITY

Figure 5. Overall sustainability of the UK Current SystemSjCand for the proposed
Alternative System (AS) and Innovative System (I1S1)

ey T
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UK CS UK AS
ECONOMICAL SUSTAINABILITY ECONOMICAL SUSTAINABILITY

AL SUSTAINABILITY ; ENVIRONMENTAL SUAL SUSTAINABILITY ; ENVIRONMENTAL SL

UK IS1
ECONOMICAL SUSTAINABILITY

AL SUSTAINABILITY ; ENVIRONMENTAL SU

Figure 6. Comparison of economical, social and environmeastatainability of the UK
Current System (CS) and the proposed Alternativae®y (AS) and Innovative System (IS1).

Economic sustainability

A reduction in gross margin was detected by DEXifMIS1 (Figure 7) but probably also
occurred to some extent in the AS system. Thisatgaluin profitability must be concomitant
with the introduction of less profitable and/ordggoductive spring crops and with the use of
a fallow in the 1S1, as there was not an increasmsts (Figure 8). Such a reduction would be
of great concern to growers and advisors, butaukhbe noted that the use of an IS1 rotation
with a fallow is proposed only for sites where thare significant problems with herbicide-
resistant grass weeds, in which case the loss wbaldsignificantly countered by the
advantages that this 1IS1 system brings for grassdweanagement. An IS1 system with a
fallow has been chosen for DEXiPM analysis heraragxample that is very different from
UK CS but other UK IS1 options without fallow halveen suggested for sites without severe
herbicide-resistance problems (see ‘Proposals chiBIS1 for each country’ above).

N 5
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U U \. I
very low low to medium mediumto high very high
Gross margin

Figure 7. Comparison of assessment of gross margin of theCuient System (CS) and the
proposed Alternative System (AS) and Innovativet&ys(IS1).

Analysis of some production costs shows that thepgsed AS and IS1 systems carried
similar costs to each other but both achieved rgalu in fuel and pesticide costs compared
to CS (Figure 8). The cost of pesticide, ratetligh under the CS, was reduced to medium in
the AS and IS1 systems due to the reduced usdl gfesticides (31% and 50% TFI
reductions for AS and I1S1, respectively). The bgige-l savings were achieved in herbicides
and fungicides. The cost of fertilizers remaineghhin order to maintain yield under all three
systems. The assessment for the cost of fuel asedefrom ‘high to medium’ for the CS to
‘medium to low’ for both the AS and IS1, presumabbcause of the lower number of passes
through the crop/system as pesticide usage leveds veduced. The cost of seeds remained

constant. Unlike the Danish system, irrigationts@se not an issue in the UK and this was
not included in the analysis.

Wendure N
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UK CS UK AS
Cost of pesticides Cost of pesticides

of fertilizers Cost of seeds of fertilizers Cost of seeds

Cost of fuel Cost of fuel

UK 1s1
Cost of pesticides

of fertilizers Cost of seeds

Cost of fuel

Figure 8. Comparison of costs between the UK Current Sysf€®) and the proposed
Alternative System (AS) and Innovative System (I1S1)

UK CS UK AS

Resources use Resources use

wironmental quality Aerial and above soivirenmental quality Aerial and above soi

UK 151
Resources use

wironmental quality Aerial and above soi

Figure 9. Comparison of three parameters (Resources usé&oBmental quality and Aerial
and above soil biodiversity) relating to environnarsustainability between the UK Current
System (CS) and the proposed Alternative Systen) 88 Innovative System (I1S1).

Environmental sustainability
The DEXIPM assessment suggested that both UK ASWdS1 systems achieved some
environmental benefits compared to the CS. Therenmental quality rating improved from
‘low’ for the CS to ‘medium’ for both the AS and 1Ssystems, presumably because of the
reduction in pesticide use and associated redustisprayer passes through the crop/system.
Further analysis with the DEXiPM tool suggests foathe CS and two proposed AS and IS1
systems, water quality and soil quality remaingame (both rated ‘low to medium’) but that
reduced air emissions (falling from ‘High to mediuto ‘Medium to Iowl account for the
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improved environmental quality. Both the AS and K@duced direct COemmissions and
the reduced TFI associated with each system atkaeel volatization of pesticides.

DEXIiPM suggested that the largest difference betwine three UK systems in terms of
environmental sustainability was achieved in ‘Akaiad above ground biodiversity’, rated as
‘very low’ under CS but ‘high’ for both the AS a8l systems. Figure 10 indicates how the
proposed systems were assessed to be beneficildrép fauna and weeds (presumably
diversity of the seed bank). All three parametgese rated ‘very low’ under CS, but all
increased with TFI reductions and changes in prestassociated with the AS system and
further improvements under the proposed I1S1 system.

UK Cs UK AS

Fauna

Flora Weeds Flora Weeds

UK IS1

Flora Weeds

Figure 10. Comparison of three parameters (Fauna, Flora anded¥)erelating to
Environmental Quality between the UK Current Sysi@®) and the proposed Alternative
System (AS) and Innovative System (I1S1).

Social sustainability

A high rating for ‘social sustainability’ was maamed in all three systems (Figure 6). The
need for farmers to spread the workload is an itapordriver of rotations and the
diversification into spring/other crops in UK AS 1 systems is reflected in DEXiPM’s
assessment of ‘operational difficulties’ as ‘meditoriow’ (CS) and ‘very low’ (AS and 1S1).
Although ‘work hardness’ was rated as ‘medium w’ltor all three systems, the medium to
low ‘complexity’ rating for current practices wasduced to very low for both the AS and I1S1
proposed systems. The introduction of spring crapd possibly a fallow (suggested by
growers and advisors) was a key factor in termfaaih manageability’.

Conclusion

A major concern to UK growers and their advisorgéaiduring consultation in advance of
this exercise was the maintenance of current lesklgroduction and profit. With this in
mind, AS and IS1 systems were proposed that remiexdeelatively modest changes to the
current cropping system rather than radical redssig\n important aim of the proposed
systems was to allow management of grass weed gmnsblnd to introduce genetically
different crops to help combat risk of all pest$he proposed crop sequences were also
designed to spread the workload on the farm. Mafnye differences between the systems
were subtle or were variations on current practanes this, as might be expected, was often
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reflected in the ratings given by DEXiPM to thed@rsystems. Environmental benefits were
achieved, associated with pesticide reductionsuaed fuel costs and emissions, spring
cropping and fallows, but they were accompaniedsbgne compromise to the economic
sustainability of the IS1 system. Social sustailitgtwas maintained.

As a framework for structuring comparison of thetatnability and performance of the CS,

AS and IS1 systems, DEXiPM analysis provided at®sits of expert assessments relating to
the environmental and economic sustainability ef pnoposed sytems. The results obtained
were consistent with expectation based on thatrexpeion. As such, DEXiPM assessments

were a test of the thinking behind the proposalshe three systems. While DEXiPM cannot

replace a full and objective socio-economic andirenmental impact assessment, it is a
worthwhile preliminary to such an analysis.

France

One AS and two IS1 are proposed, correspondingpreetcurrent situations with different
context and pre-requisite. The AS and IS1 systamalapresented in details in Appendix A.

Bassin Parisien

CONTEXT
¥ Site: FranceBassin Parisien
» Soil and climate: loamy, deep soils (no risk of water stress, medieathing risk,
medium erosion risk), degraded oceanic climate
* Regional context:intensive, low proportion of non-productive area
¥ Specificity of the farm where the system is proposk industrial crops

CURRENT SYSTEM
Crop sequencesugarbeet-winter wheat-winter oilseed rape-winteeat
Crop protection strategy: pesticides (TFI 7.2 yedr Table 17), genetic
Main pest risk: spring weeds in sugar beet, autumn weeds in wantps; aerial diseases on
wheat
Expected yield given the contexthigh (Table 17).
Other crop management specificity:
¥ Superficial tillage: no mechanical weeding and aled seedbed
% No intermediate crop
» Deep tillage: higher frequency in comparison wih |
¥ Sowing density: high (lower in IS)
* Mineral fertilizers: high for N (lower in 1S)
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Table 17. Estimated TFI of current systems thgear') (source: Ecophyto R&D report
Guichardet al. 2009) and estimated potential yields of crop (BeuPersys€Champagnend
Poitou CharentesGuichard, 2008).

Bassin Parisien Poitou Charentes Bourgogne

TFI Herbicide 2.4 2.1 2.2

TFI Fungicide 2.1 1.5 2.1

TFI Insecticide 1.9 1.6 1.7

Total TFI 7.2 5.8 7.1

Yields WWh: 7.5-9.5thal  5.3-6.9t ha' WWh 5.3-6.9 t ha'! Wwh
WOSR: 3.3-4.5tha’ 2.5-3.4thatWOSR 2.5-3.4t ha' WOSR
Sulgarbeet: 80-105't 5.8-7.4t ha' WB 5.8-7.4t ha' WB
ha

INNOVATIVE SYSTEM
Proposed crop sequence for IS prototype:
sugarbeet-winter wheat-(mustard)-hemp-winter wkeéater oilseed rape-winter wheat-
(mustard)
Main crop protection principles:
¥ Extending and diversifying crop rotation: competticrops are added (weeds), the
frequency of a given crop is lowered (disease)
¥ Diversifying sowing periods by shifting sowing daf@arly/late sowing dates): impact
on weeds (allow false seedbed on wheat sown ledenpetitiveness of WOSR sown
earlier is increased against weeds), on diseage YOSR sown earlier is less
susceptible to phoma) and on insects (e.g. autyhids on wheat sown later, winter
flee beetle fgsylliodes chrysocephalatenthredinidaeand slugs on WOSR sown
early)
* Superficial tillage: mechanical weeding and falsedbed.
¥ Systematic intermediate catch crop when spring rapmpetitiveness against
Autumn weeds.
¥ Odd number of deep tillage between two successveats: the seedbank is buried
when the cereal is sown.
» Use of resistant cultivars.
¥ WOSR cultivar mixture with 10% early and taller WRS$ultivars (the hypothesis is
that pollen beetles are attracted by this cultitae, 90% plants remaining might be
less attacked; Valantin-Morisaat al.,2006a)
* Straws chopped and buried: slugs
¥ Decrease sowing density, N fertilizer amounts
Possible positive impact:
»* Intermediate crop: less N on crops, reduction ofSN&xaching
¥ Straws buried: increase soil organic matter con{éarig term effect)
Possible negative impacts:
¥ Mechanical weeding-superficial tillage between staggnergy and time cost
% Late sowing (cereals): risk of unsuitable sowingditons, reduction of yield
¥ Extending rotations: lower frequency of cash cropalivery constraints for some
crops (hemp)
* Intermediate crop: risk to increase slugs
% No growth regulator: lodging problems (but N fer@ition is decreased)
¥ Introduction of hemp: risk of broom rape and sdiera
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Poitou Charentes

CONTEXT

¥ Site: FrancePoitou Charentes

» Soil and climate: limestone plateau, shallow soils (risk of wateess, high leaching
risk, low erosion risk), oceanic climate

* Regional context:intensive

% Specificity of the farm where the system is proposke farm area > 100ha: it isot
always possible to delay the winter wheat sowinde dé@isk of simultaneous
operations), availability of tools for mechanicaading, no irrigation.

CURRENT SYSTEM
Crop sequencewinter oilseed rape-winter wheat-winter barley
Crop protection strategy: pesticides (TFI=5.8 yedr Table 17), genetic
Main pest risk: weeds:Galium aparine wild oats Avena fatug Geranium(cereals) Ammi
majus (sunflower); insects: stem weevil, pollen beetled®BR), aphids (spring: WOSR,
autumn: WWh); diseases: septoria on cereals, stiex@n WOSR
Expected yield given the contextmedium to high (Table 17)
Detailed crop management specificity:
% Superficial tillage: no mechanical weeding and aled seedbed
* No intermediate crop
% Deep tillage: higher frequency in comparison with A
X
X

Sowing density: high (lower in AS)
Mineral fertilizers: high for N (lower in AS)

ADVANCED SYSTEM
Proposed crop sequence for AS prototype:
winter oilseed rape-winter wheat-winter barley<€mbediate legumes)-sunflower-winter
wheat
Main crop protection principles:
¥ Diversifying crop sequence and sowing periods hyoducing spring crops and
shifting sowing dates: non-specialized weed flora
» Systematic intermediate catch crop when springscraptumn weeds
¥ Mechanical weeding and false seedbed, deep tidugp: necessary
¥ Diversifying sowing periods by shifting wheat sogimlates when it is possible:
impact on weeds (allow false seedbed on wheat davem) and on insects (e.g.
autumn aphids). The delay in wheat sowing dat®isystematic.
» Sowing density: double row spacing for WOSR (medatamweeding)
Use of resistant cultivars, wheat cultivar mixture
WOSR cultivar mixture with 10% early and taller WR$ultivars (the hypothesis is
that pollen beetles are attracted by this cultitae, 90% plants remaining might be
less attacked; Valantin-Morisaat al., 2006a)
x Straws chopped and buried: slugs
% Decrease sowing density, N fertilizer amounts
Possible positive impact:
¥ Intermediate crop: less N application on cropsucgidn of NO3 leaching
* Straws buried: increase soil organic matter corfeng-term effect)
Possible negative impacts:
* Mechanical weeding-superficial tillage between staggnergy and time cost
¥ Late sowing (cereals): risk of unsuitable sowingditions, reduction of yield
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¥ Extending rotations: lower frequency of cash crops

¥* Intermediate crop: risk to increase slugs

¥ No growth regulator: lodging problems (but N feztition is decreased)

% Wheat cultivar mixtures: possible problems to g&dl production in France

Bourgogne

CONTEXT
¥ Site: France Bourgogne
¥ Soil and climate: limestone plateau, shallow soils (low hydric deficy, high
leaching risk, low erosion risk)
» Regional context:intensive, cattle livestock in surrounding farmghe region
% Specificity of the farm where the system is proposke minimum tillage, availability
of tools for mechanical weeding, no irrigation.

CURRENT SYSTEM
Crop sequencewinter oilseed rape-winter wheat-winter barley
Crop protection strategy: pesticides (TFI=7.1 yedr Table 17), genetic
Main pest risk: autumn emergence weeds (all crops), weevil, pdikeetle (WOSR), aphids
(WW)
Expected yield given the contextmedium to high (Table 17)
Detailed crop management specificity:
% Superficial tillage: no mechanical weeding and aled seedbed
¥ No intermediate crop
% Deep tillage: no deep tillage (one mouldboard plong after alfalfa in the 1S)
*
X

Sowing density: high (lower in IS)
Mineral fertilizers: high for N (lower in IS)

INNOVATIVE SYSTEM

Proposed crop sequence for IS prototype:

winter oilseed rape-winter wheat-spring barley{&dfalfalfa-winter wheat-(mustard)-
sunflower-triticale

Main crop protection principles:

% Diversifying crop sequence and sowing periods kyoducing spring crops and
shifting sowing dates: non-specialized weed flaah@nced for the IS in comparison
with the AS)

¥ Increase the frequency of crops with high competitess against weeds (including
alfalfa perennial crop)

x* Diversifying sowing periods by shifting sowing da@arly/late sowing dates): impact
on weeds (allow false seedbed on wheat sown lebenpetitiveness of WOSR sown
earlier is increased, early sowing date for spbagey to increase competitiveness),
on disease (e.g. WOSR sown earlier is less subted phoma), on insects (e.g.
autumn aphids on wheat sown later, winter flee leefsylliodes chrysocephala
tenthredinidaeand slugs on WOSR sown early). Systematic lateirgpwlate for
winter wheat

¥ Landscape management: if possible, small field® (kd), settlement of hedges or
other non-productive areas, flowering strips forllipators, refuges for natural
enemies, turnip rapeBfassica rapa on WOSR margins (to trap pollen beetle;
Valantin-Morisonet al.,2006b)

P > 4
*endure Page 51 of 237 é"

diversifying crop protection




ENDURE - Deliverable DR2.16

¥ Mechanical weeding and false seedbed, deep tibbadye after alfalfa (favour natural
enemies)
¥ Use of resistant cultivars
* WOSR cultivar mixture with 10% early and taller WR®S$ultivars (the hypothesis is
that pollen beetles are attracted by this cultitae, 90% plants remaining might be
less attacked; Valantin-Morisat al.,, 2006a)
¥* Straws exported: slugs
% Use of Contanseach year (biological control) against sclerotinia
% Decrease sowing density, N fertilizer amounts
Possible positive impact:
* Intermediate crop (not systematic as before): esgplication on crops, reduction of
NO3 leaching
¥ limitation of green house gases emission (lesspicgtions)
¥ Landscape management: good perception by society
» Biodiversity (pollinators) : alfalfa, sunflower
Possible negative impacts:
¥ Mechanical weeding-superficial tillage between staggnergy and time cost
% Late sowing (cereals): risk of unsuitable sowingditons, reduction of yield
» Extending rotations: lower frequency of cash cropalivery constraints for some
crops (alfalfa, triticale)
Intermediate crop: risk to increase slugs
No growth regulator: lodging problems (but N fer@ition is decreased)
Straws exported: limit soil organic matter content
Biological control (Contany: cost
Landscape management: loss of productive area,ncoaic reorganization

b A

The context and current systemHAnitou CharentesndBourgogneare similar. It is therefore
possible to compare the evolution between AS arihk®d on the same CS. Main differences
are the landscape management for the IS, the dicat®n of the crop sequence that is
enhanced in the IS, the systematization delayingpwafing dates for wheat in the IS, the use
of a biological control method in the IS, and timitation of deep tillage (also linked with the
specificity of the farm). These systems will beesmsed together in the following part.

Assessment of systems
1/ Pesticides TFt

TFI values for French current systems corresponthhadse described in the Ecophyto R&D
report (Ecophyto R&D report Guichaet al, 2009) for the intensive cropping systems. A
half-dose glyphosate treatment was applied betveegps 2 years out of 3 for the WOSR-
WWh-WB crop sequence (before wheat and barley) 2agdars out of 4 for the Sb-WWh-

WOSR-WWh crop sequence (before sugar beet and vidiEating WOSR).

! Average pesticide Treatment Frequency Index of cerial products (and not active ingredient) acadks
crops in the cropping sequence, for fungicidesdtisides, herbicides, molluscicides, growth retpraand all
other products used

1

=t D, . _ -
TFI = _Zt—l DA with n: number of years in the crop sequenceoftl number of pesticide treatments,
n=—""DAp
D: applied dose in commercial product, DAp: appoiiegistered dose for the commercial product.
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Concerning the AS and IS systems, TFI were caledlatcording to the detailed description
of systems (in appendices). Most treatments weppressed thanks to the use of alternative
control methods (adaptation of sowing dates, usesi$tant cultivars landscape management,
etc.). Those methods were supposed to be effiagrdtestimations were quite optimistic.
When treatments were maintained, TFl were calcdldiased on the estimation of the
frequency of attacks of more problematic pestsidred data, Aubertoet al, 2005). For
example, it was estimated that the frequency ofdagtiacks in autumn on the second wheat
of the AS inPoitou Charentesvas three years out of five, leading to a TFI & &n the crop
for the corresponding insecticide. Similarly foethlugs on winter oilseed rape in the IS in
Bassin Parisienthe frequency of attack was estimated at 1 yaaobfive, leading to a TFlI

of 0.2 on the crop for the corresponding mollusteciwhen herbicides were applied on row,
the TFI was estimated at 0.5 instead of 1. Moreegaly, pesticides were applied at lower
dose than in current systems (except for inse@®)idvhere they were commonly applied at
full dose.

Table 18. Calculated TFI (hd year’) for the three current crop sequences and the
corresponding AS and IS. WOSR: Winter Oilseed Rap@/h: Winter Wheat, WB: Winter
Barley, SB: Spring Barley, Sb: Sugarbeet, Sf: Swadlr, Tr: Triticale, Al: Alfalfa, H: Hemp.

Region Bassin Parisien Poitou Charentes Bourgogne
System CS IS CS AS CS IS
Crop Sb-WWh- | (Mustard)- | WOSR- WOSR- WOSR- WOSR-
sequence WOSR- Sb-WwWh- | WWh-WB | WWh-WB- WWh-WB | WWh-SB-
WWh (mustard)- (intermediate Al-Al-
H- WWh - legumes)-Sf- WWh -
WOSR-WW WWh (mustard)-
St-Tr
TFI 2.4 0.8 2.1 0.7 2.2 0.2
Herbicide
TFI 2.1 0.7 15 0.8 2.1 0
Fungicide
TFI 1.9 0.4 1.6 0.6 1.7 0.2
Insecticide
Total TFI 7.2 1.9 5.8 2.2 7.1 0.4

Based on the hypothesis for TFI calculation, thé GiFAS and IS were significantly reduced
in comparison with TFI of current systems (Tabl¢. 18

2/Multi-criteria assessment with DEXiPM

A detailed description of DEXiPM is available iretldeliverable DR 2.14. Estimations of
basic attributes for the assessment are based ®ni¢hailed description of cropping systems
in appendices.

Assessment of current, advanced and innovativeesgstvere performed using DEXiPM.
These assessments allow a first view of the siatdity of systems proposed, but were also a
way to discuss the reliability of the model, whiststill under development.

Differences between systems are not high for theradlvsustainability (Figure 11). Although
both innovative systems proposed present a higherab sustainability, the advanced system
does not seem to improve the overall sustainabilityese results are due to the fact that
sustainability of cropping systems does not onlyesiel on TFI but also on other aspects that
are taken into account in the DEXiPM tool, sucmiasmte leaching, air emissions, energy
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consumption for the environmental part, costs bfirgduts for the economical part, etc. It
points out the importance of the multi-criteriaessmnent of systems. However, these results
are also partly due to a lack of sensitivity of thgper attributes of DEXiPM to modifications
of systems (basic attributes, such as TFI, feetifiztillage, etc.). This is the reason why we
present results obtained with the other attributigisin the tree.

1S Bourgogne

CS Bourgogne-

AS Poitou Charentes|

CS Poitou Charentes|

IS Bassin Parisien-

CS Bassin Parisien

P

very low {[e313 mecdium high wery high

OVERALL SUSTAINABILITY
Figure 11.Estimation of the overall sustainability of thedlrcurrent systems (CS) described
in three French regionsBéssin Parisien Poitou Charentesand Bourgogng and the
corresponding advanced and innovative systemsI@S,

Even if current systems are described in two diffieregions, they are more or less the same
(same crop sequence, similar crop management, padwclimatic context). We therefore
present the results of AS feoitou Charentesind IS forBourgognen parallel, to be able to
compare the evolution between CS, AS and IS. Thalteefor CS and IS iBassin Parisien
corresponding to a different context, are presesggérately.

Bassin Parisien

The overall sustainability in DEXiPM takes into aoat the economical, environmental and
social sustainability. Whereas the economical sustéity remains the same between CS and
IS (Figure 12), the environmental sustainabilitynmgproved by one class (from very low to
low) as well as the social sustainability (from numa to high), explaining the difference in
the overall sustainability (from low to medium).
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CS Bassin Parisien IS Bassin Parisien
ECONOMICAL SUSTAINABILITY ECONOMICAL SUSTAINABILITY

medium
me:

SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT

Figure 12. Estimation of the environmental, economical andiadosustainability of the
current system (CS) and the corresponding innogaistems (IS) described in the French
regionBassin Parisien

All the attributes of the environmental sustaindilenvironmental quality (water, soil and
air), aerial and above soil biodiversity (fauna #ioda) and resource use (water, land, energy
and non-renewable fertilizers) are very low in terent system (Figure 13). The innovative
system allows the improvement of the environmequallity by two classes (from very low to
medium), mainly because of the lower amount of ipests but also of nitrogen fertilizer
(lower nitrate leaching and nitrous oxideN emissions risk). The resource use is also
improved because of a lower energy use due to &rl@amount of nitrogen and thus of
indirect energy consumption in the IS. Finally, #exial and above soil biodiversity is better.
Moreover, in the IS, the weed diversity is improvetause of the diversification of the crop
sequence and of the lower use of herbicides, leuivbed abundance is the same as in the CS.
It can be concluded that alternative methods tdrobweeds are efficient to decrease weed
abundance. The fauna diversity (soil natural engjaerial natural enemies, pollinators) is
also improved, particularly aerial natural enenfiesause of a lower use of pesticides and the
improvement of flora diversity. Even if the enviroantal sustainability differs by one class
(in comparison with the CS), the analysis of atti#s within the tree shows that the IS
significantly improve the environmental sustaindilThese weak differences between the
two systems despite the large modifications of ¢h@pping systems are due to the low
sensitivity of the upper attributes of DEXiPM

CS Bassin Parisien IS Bassin Parisien
Resources use Resources use

high
medp

Environmental quality Aerial and above soil biodiversity Environmental quality Aerial and above soil biodiversity

Figure 13. Estimation of the environmental sustainability loé tcurrent system (CS) and the
corresponding innovative systems (IS) describetienFrench regioBassin Parisien

The estimation of the gross margin remains the sbeteeen both systems (Figure 14),
despite a lower yield for the IS (from high for 68 to medium for the IS) leading to a lower
production value (from medium to high for the CSdw to medium for the IS). However,
this is compensated by a lower production costherlS (from high to medium for the CS to
medium to low for the IS), mainly because of a lowest of pesticide and nitrogen. The IS
proposed forBassin Parisiendoes not seem to be altered in terms of economical
sustainability.
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IS Bassin Parisien-

CS Bassin Parisien

very low Iy to mediuim medium ta high wery high
Gross margin

Figure 14. Estimation of the gross margin of the current sys{€S) and the corresponding
innovative systems (IS) described in the FrencloreBassin Parisien

The social sustainability of the IS is improved,yobecause of an improvement of the
‘interaction with society’ attribute, characterizéy the contribution to employment (the

number of required hours of work for the IS is l@gthan for the CS) and by the acceptability
of the system by society (also better in the IS9site small differences, the likelihood of
adoption of the IS by farmers remains unchangedveyer, it could be considered as lower
for the IS. This part of the tree should be modifie reflect this. The operational difficulties

linked with the IS increase in comparison with t8: from very low for the CS to high to

medium for the IS. It is due for example to a highember of superficial tillage operation

and risk of simultaneous operations. This was caorsged by a lower workers’ health risk
due to pesticides (from very high for the CS to fowthe 1S).

Poitou CharentesndBourgogne

Because of only small differences in the descniptbcurrent systems, and their similar soils
the environmental, economical and social sustdityabif Poitou CharentesandBourgogne
are similar for both CS (Figure 15). The AS allows improvement of the social
sustainability but leads to a decrease of the andrad sustainability. Despite the significant
decrease of the TFI, the environmental sustairtgbiias the same between CS and AS,
because other practices impacting on the envirohrmgch as tillage, fertilizers, etc. were
similar. On the contrary, the IS lead to a betterimnmental and social sustainability, while
the economical sustainability remains the same.
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CS Poitou Charentes AS Poitou Charentes
ECONOMICAL SUSTAINABILITY ECONOMICAL SUSTAINABILITY

SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT,

CS Bourgogne IS Bourgogne
ECONOMICAL SUSTAINABILITY ECONOMICAL SUSTAINABILITY

SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT SOCIAL SUSTAINABILITY ENVIRONMENTAL SUSTAINABILIT,

Figure 15. Estimation of the environmental, economical andiadosustainability of the
current system (CS) and the corresponding advaaoddinnovative systems (AS and IS)
described in the French regioReitou CharenteandBourgogne

Again, the CS in both regions are similar, excéytt the aerial biodiversity in the CS in
Bourgogneis lower compared to the CS Poitou Charentedecause of a higher use of
fungicide, impacting on aerial natural enemies poltinators. The resource use was the same
between CS, AS and IS (Figure 16), because ther&ewar problems of water in both regions,
the same amount of non-renewable fertilizers (PKndre used in CS, AS and IS, the land
use remains high to medium in both systems (becaiuadow availability in uncropped land

in both regions), and only the indirect energy emngtion is modified because of a lower
amount of nitrogen fertilizer. The pesticide amoisngignificantly lower in AS and IS but the
weight attributed to pesticide manufacturing consplao fertilizer manufacturing is very low.

Only the environmental quality is improved in th& f& comparison with the CS because of a
better water quality (from low to medium for the @BSmedium to high for the AS) and a
lower air emission (from high to medium for the @Smedium to low for the AS), due to a
decrease of pesticides and nitrogen fertilizershalg differences are noticed in the flora
diversity, but these differences are too smallppear on the aerial biodiversity.

The IS lead to an improvement of both environmenadlity and aerial and above soll
biodiversity. As for the AS, the environmental gtyalvas improved mainly because of the
decrease of nitrogen fertilizers and pesticides] an fundamental differences occurred
between AS and IS. In this part of the tree, thelehdoes not seem to reflect the very high
decrease of TFI between CS and I8ourgogne(from 7.1 to 0.4) compared to the decrease
between CS and AS iRoitou Charentegfrom 5.8 to 2.2), which is questionable, as the
model should be more sensitive to TFI differenddss very high decrease of TFI as well as
the diversification of crop sequence and the lamplsc management implies a high
improvement of the aerial biodiversity (from veow for the CS to high for the IS).
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CS Poitou Charentes AS Poitou Charentes
Resources use Resources use

Environmental quality Aerial and above soil biodiversity Environmental quality Aerial and above soil biodiversity

CS Bourgogne IS Bourgogne
Resources use Resources use

Environmental quality Aerial and above soil biodiversity Environmental quality Aerial and above soil biodiversity

Figure 16. Estimation of the environmental sustainability loé tcurrent system (CS) and the
corresponding advanced and innovative systems (AS%) described in the French regions
Poitou CharenteandBourgogne

The gross margin decreases for both AS and ISrmpeaoison with CS (Figure 17). It was due
to the fact that the decrease in the productiomevatas higher compared to the previous
Bassin ParisienlS: very low for ASPoitou Charentesand IS Bourgognecompared to
medium to high for the corresponding CS, and lowmdium for the ISBassin Parisien
compared to medium to high for the corresponding Tl8s decrease was therefore not
compensated by the one class decrease of prodwdstroccurring for the IS but not for the
AS. This higher decrease in production value istduée fact that in addition to a decrease in
the yield (from medium for the CS to low for the A8d IS), the selling price decreased also
because of the cultivar mixture in wheat used m A%, and because of alfalfa. Indeed in
France, it is not always possible to sell cultiaixture and even iBourgogneis a region
with cattle livestock where it should be possibte sell alfalfa, the reluctance of some
European partners to the introduction of alfalfasystems lead to the choice of a penalty in
the selling price associated with this crop). Then®mical viability is the same for CS and
IS, leading to the same economical sustainabity.the contrary, the economical viability
decreased between CS and AS, mainly because theigeslependency remains high in the
AS in comparison with the IS. The analysis of tesults of the economical sustainability
should be analyzed in detail by experts of thisigigve. However, it points out that, in some
cases, the reduction of pesticides and nitrogesh teaeducing the economic viability of the
systems even if many important modifications ofogiog systems have been done.
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IS Bourgogne

CS Bourgogne-

AS Poitou Charentes

CS Poitou Charentes-

wery lowy lowy to medium medium to high wery high
Gross margin

Figure 17. Estimation of the gross margin of the current sys{(€S) and the corresponding
advanced and innovative systems (AS and IS) destrib the French regionBoitou
CharentesandBourgogne

Again, the social sustainability of the AS and I8 amproved, only because of an
improvement of the ‘interaction with society’ alwite, characterized by the contribution to
employment (the numbers of required hours of workitie AS and IS are higher than for the
CS) and by the acceptability of the system by $pceso estimated better in the AS and IS).
Moreover, the landscape perception, also consideredis attribute, was better for the IS
systems where landscape management was proposaih, Adferences in the likelihood of
adoption could appear, particularly for the IS.

3/ Discussion on DEXiPM assessments of French syate

Overall, the results of the assessment of Frendtesys were coherent with what was
awaited. One of the main advantages of DEXiPM ikawe in the same model an estimation
of most of the aspects of sustainability. Howedespite differences within the tree between
CS and AS or IS, the model shows a problem of #seitgito basic attributes, particularly for
the upper criteria. Moreover, the attributes intiiee are not always sensitive to differences in
pesticide use, because the model consider othec&spf crop management and context such
as impact of fertilizers, tillage, etc. involved the overall sustainability. The higher the
number of attributes is in the tree, the less $®esto each basic attribute the model is.
Further study on the sensitivity of the model sddag carried out. French AS and IS systems
showed a systematic decrease of the yield, andtr@ate of the gross margin for AS and IS
systems inBourgogneand Poitou Charentes This also needs to be confirmed but the
decrease of the gross margin is of course problerf@t farmers, and the decrease of yield
could not be tolerated by farmers and collectimgn$i and be very problematic in some
context. But the multi-criteria assessments withXil allow also to discuss the possible
levers that can be used: For example, the grosgima lower for a given economical
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context (prices, subsidies, etc.), but if systemsahstrate that environmental sustainability
is improved, proposals can be made to decisionersalo support these systems. Finally,
DEXIiPM is one of the only models attempting to esg@nt the social sustainability, and the
first results of assessment will allow improving tbocial tree.

No system can be “the best” for all aspects of aVesustainability. However, compromise
systems can be identified for which at least onénar pillars of sustainability (economical,
environmental, social) are improved. This seemsetohe case for IS systems. Moreover, the
environmental sustainability is greatly improved both IS as well as for the AS, also for
energy consumption and biodiversity. This is a $tefher to the reduction of pesticides. The
economical sustainability has to be improved for ASPoitou Charentesand IS in
Bourgogne even if economical results for the ISBassin Parisiershow that IS in regions
with high yield potential can be viable and equavdlto CS. Economical assessment results
could urge the decision makers to propose subsidiesd on environmental results, in order
to improve the economical sustainability of AS 48d

To conclude, DEXiPM should not be seen as a madetore the sustainability of the system,
but more as a discussion tool within the group éweal advantages and weaknesses of
systems proposed by partners, and think aboutroptmimprove the weakness points.

Cross-country analysis using DexIPM

It was hoped that the DexIPM programme could bel tisa&lo a cross-country comparison of
the CS , AS and IS1 systems for all three coun{fteance, Denmark and the UK). However,
it became clear that some of the weightings for ehpdrameters needed to be adapted to suit
the circumstances within each individual countriloreover, the proposed AS and IS1
systems for the three different countries were ictamed to be too different for any cross-
country analysis to be meaningful. For these teasons a cross-country analysis was not
done. Nevertheless, a few common principles andrasts can usefully be drawn between
DEXiPM analyses of AS and IS systems in differemirdries.

DEXiPM detected a clear trend towards improved mmmnental sustainability in the
proposed systems in France and the UK, but it ditl detect a further increase in this
indicator in Danish systems, even though the THD@mmark was reduced (from an already
low base).

Economic sustainability was reduced in some ASSIr systems from all three countries,
according to DEXiPM, even though the approacheéSoand IS design differed radically.
DEXiPM suggested that, even though profitabilityneens the same in all three Danish
systems, the economic sustainability of AS andsl®ss robust because of the lower value of
crops in the proposed systems, which leads toasectrisk and reduced investment capacity.
Likewise, in the French AS and IS systems whersgrargin was reduced (Bourgogne and
Poitou-Charentes, respectively), the reduced ecanuiability appears to be due to reduced
yields and reduced selling prices for the cropsmgroThe same factors are likely to apply in
the UK AS, where spring crops are included, andtrhasaccentuated in the tested version of
IS1, which includes a fallow for management of wessistance but which gives no harvest.

The social sustainability of AS and IS systemdmWK and Denmark was rated by DEXiPM

analysis to have improved no further compared tq ®&ich in both countries already

achieve a high score for this very broad indicatbsocial acceptability and benefit. In the
UK, however, several social indicators rated AS #dystems to be easier for farmers to
operate. DEXIiPM analysis of AS and IS systemsranEe indicated that social sustainability
was improved compared to CS due to improved ‘ictéma with society’ (contribution to
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employment) and improved acceptability to societycl(ding landscape improvement).
However, more operational difficulties were asstadawith the IS in Bassin Parisien due to
the larger number of agronomic operations (espgdiihge) and the potential for clashes in
time.

All three countries considered DEXiPM assessmeantsate made a useful contribution to the
discussion of the strengths and weaknesses of A&iand IS systems and to highlighting
areas where improvement is needed.

Discussion

The proposals for advanced and innovative system®duce the use of pesticides were
remarkably different in these three north Europeanntries, leading to some difficulty in
finding a common vocabulary to describe AS andlV8o approaches to designing innovative
cropping sytems were identified:

i. Innovative systems devised by modifying the exgstiDS, reducing pesticide use
through the introduction of both low-tech practi¢esy. optimized/adjusted dosages,
sowing densities and dates, cultivars, crop semsentllage, etc.) and hi-tech
practices (e.g. GPS-guided applications, pesti@dgeting, decision support systems).
This approach relies on a mix of preventative am@tive pest management and was
adopted by the UK and Denmark,

il.  Innovative systems developed from a cropping systé&im no pesticide (e.g. organic
CS) relying on all possible low technology meanscémtrol pests, pesticides only
being added when alternative practices fail. Thppraach firmly emphasizes
preventative measures, re-designing the whole anggystem to limit the risk of pest
attacks, and was adopted by France.

A consequence of these different approaches tovatne system design, together with the
different local contexts for which they were degdnis that comparison of systems between
countries is difficult. For example, the introdactiof alfalfa is possible in French systems
because of the presence of cattle on farms bubitldvnot be possible in Danish systems
where the crop would have no use. Danish farmerscdmtrast, must maintain sufficient
barley in their crop sequence to be able to fegd. Moreover, the lines between AS and IS
were drawn differently in each country. For exampleecies intercropping was considered as
an advanced practice in France as it is alreadynumamty practiced in organic farming,
whereas it was considered as innovative in Denraatknot included at all in UK systems.
Mechanical weeding is one of the options for adednsystems in France but is considered
only for innovative systems in Denmark and the WId flower margins were considered
for AS in the UK (where they are increasingly ireuwdready) whereas they are proposed for
innovative systems in France.

The different approaches in different countriesarfrom the socio-economic and pedo-
climatic contexts in each country and from the ftyogiven to the constraints imposed by
those contexts. The priority given to maintainingfpability and yield in the UK and to
continuing to support pig production in Denmarkgether with already low TFI levels in
Denmark, limited some options for pesticide reductand favoured a less radical redesign of
cropping systems. In France, the very high priogityen to reducing TFI, and the suitability
of the pedo-climatic conditions for a wider randecmps, allowed a more complete and less
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constrained redesign of the cropping systems, dmaty radical modification of the crop
sequence.

The TFlIs of current systems varied greatly betwemmtries, France and the UK currently

having relatively high TFI in all crops compareddenmark. As a result, there is more scope
for TFI reduction in France and the UK and, to imalthis, the proposed advanced and
innovative systems for those countries were mofferént from their current systems than

were the innovative systems for Denmark. For examgiops such as hemp or alfalfa were
proposed in the French systems and fallows werepdion for weed management in the

British systems.

The results of DEXIPM assessment of innovative pmog systems differed between
countries but perhaps less than might be expeatexh ghe different approaches to design
and the differing levels of crop diversity proposédthough Denmark achieved the lowest
levels of TFI, DEXiPM indicated no improvement overall levels of environmental
sustainability, whereas IS systems in UK and Fraaatgeved improvements from ‘low’ to
‘medium’ for that score. The radically re-designsgstems were in France not more
environmentally sustainable than those less rdglicatlesigned in the UK and, in common
with the UK and Danish IS, presented economic @noisl that needed to be addressed.
Findings of this kind are of value for indicatindh@re there may be a role for policies (taxes,
subsidies, etc.) to improve social and economigsiagnability of environmentally successful
systems.

DEXiIPM multi-criteria assessment was intended tghhght problems that needed to be
improved. It was a useful framework for structuriogmparison of the sustainability and
performance of the CS, AS and IS1 systems withuimttées and for highlighting areas where
improvement is needed. However DEXiPM does not @uirfp replace a full and objective
socio-economic and environmental impact assessment.

The present exercise has been a useful examinatievhat pesticide reduction might be
achieved on farms and how and with what local cgnseces. Yet the proposed changes in
cropping systems could have significant politicalplications, for example in relation to
policy instruments necessary for their implementatand perhaps even in relation to
markets, prices and food security. For example,twuld be the cost to the taxpayer of
promoting more sustainable farming systems thahtrbg less economically sustainable, and
what would be the wider consequence of a reduatiavheat production on farms in the UK
adopting AS or IS? Such wider-scale implicatiohshe AS and IS proposals have not been
considered here and should form part of a future;enin-depth socieconomic analysis and
assessement.

The process of development of higher level innaeasystems (IS2) for futher pesticide
reduction should lend itself to a different appto&e design. 1S2 systems would have a 10-20
year time horizon for implementation, integratimghnologies now still in development. In
this circumstance, it would be more appropriatadcee common principles acceptable in all
three countries.
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Conclusions

We conclude that there is considerable scope fduateons in pesticide use by employing
agronomic methods and technologies that are alreadjable to farmers, or are close to
being so, but that this scope varies greatly batwamintries depending upon how much
pesticide usage has already been reduced and mgofodal socio-economic and pedo-
climatic context. The estimated maximum TFI redutsi achieved by IS1 in Denmark,
France and the UK were 37%, 94% and 56%, respégtiard it should be stressed that the
reduction in Denmark is achieved from an already V@w base-line. As a result of different
local conditions and different approaches to systlasign, proposed AS and IS1 systems
varied greatly between countries and direct compas were difficult. Nevertheless,
DEXiPM analysis of the systems in the three coestsuggested that France and the UK had
been successful in designing systems with improseerall environmental sustainability
compared to their current systems and that all wmsnhad achieved improved or sustained
social benefits. However, in at least some pregosystems in all countries, DEXiPM
analysis suggested that environmental and socneflie were achieved at the cost of reduced
economic sustainability of the proposed system. u, fobjective socio-economic and
environmental impact assessment of the proposddrsygss essential if the implications of
their implementation are to be adequately undedstoo
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Appendix A: AS and IS1 systems for each country

Denmark, AS

Principles: principles of AS-systems proposed with regatthéomain pest risk identified in the current system

U

Pest Scale Main crop protection strategies, main principles Aim Others impacts
Impact on pests disadvantages & advantages
WEEDS Cropping system | Diversifying sowing periods by introducing springpps | Prevent the proliferation of cleavers | The percentage of high yield crops (e.g. wheatiién
and shifting sowing dates (early/late sowing dates) (Galium aparing and specialised rotation cannot be maintained.
annual grass weeds Energy and time consumption may increase (false
Allows stale seedbed between harvegsseedbed)
and drilling (late sowing or spring Risk of NG; leaching, especially with bare soil (pri
crops) to spring crops)
Positive impact on diseases (sowing dates and
diversified rotations)
Prioritise crop cultivars with high disease resis& Reduces the incidence of diseases Deliverstiaints for some crops
Mechanical cultivation prior to sowing including Reduces TFI Energy and time consumption may inereas
ploughing (inverting tillage) Ploughing may reduce natural enemies
All crops Reduced herbicide dose through field assessmedts an Reduces TFI Control failures leading to a high weeed return
optimised application timing supported by a decisio
support system
Crop: Winter oll Inter-row cultivation Reduces TFI, controls weeds ayMlecrease slug incidence
seed rape
Crop: winter Delayed sowing Reduces emergence of winter annual Also efficient to decrease aphids causing Barley
wheat weeds Yellow Dwarf Virus (BYDV) (no autumn insecticid
against aphids, less fungicide).
Slug problems may increase
Risk of lower yield
Risk of unsuitable sowing conditions
Crop: spring Placement of fertilizers Increases weed suppression Equipment for placement needed
barley Early sowing of high priority Competition againgring weeds Unsuitable weather / soil conditionssfmwing
INSECTS Landscape No specific changes proposed
PESTS All crops Spraying only according to the need, reduced iigdet | Reduce TFI Control failures may occur
dose according to warning systems, field assessnagat
optimised application timing
DISEASE Cropping system | Diversifying crops in the rotation Increase duratietween the same | Lower frequency of highly valuable crops

crop

v
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All Crops Use of resistant cultivars against diseases Rediekes Resistant cultivars sometimes less productive
Delivery constraints with cultivars

Reduced fungicide dose through field assessmedts an Reduces TFI Control failures may occur
optimised application timing supported by a decisio
support system

Crop: Winter Delayed sowing Limit aphids and thus BYDV Risk of lower yield

wheat Risk of unsuitable sowing conditions

SLUGS Crops Export straws if possible Reduce TFI Decrease ibbsganic matter

LANDSCAPE MANAGEMENT PRACTICES

Landscape Period Practice DEXiPM inputs Observations
management

Field margin No specific changes from the current situation tebhanagement

Non-productive area No specific changes from the current situation tebhanagement

Other landscape management that could be mentioned, not in the present system

Surrounding fields

Stubble management (stubble as source of inocfdunew fields, e.g. phoma Pest pressure includes
stem canker), Species and cultivars choice andligion at the landscape
scale (collective management of resistance dutghiBM management), etc.|.

cultivar distribution

CROP MANAGEMENT PRACTICES

Crop management Period Practice and description DEXiPM inputs Impact on pests Disadvantages Pesticide reduction
(decade) (described in detail in
the attached table)
CROP SEQUENCE I.  W. barley — W. rape — W. No of crops, proportion
wheat — W. wheat + catch | of summer crops, of
crop — S. barley late-harvest crops, crop
IIl.  W. barley — W. rape — W. type (winter, spring,
wheat - W. wheat + catch summer, perennial), crop
crop — S. barley + catch crop effect on pollinators, soi
/ undersown ley — S. barley | cover
Pre-drilling tillage August- Stale seedbed and stubble Superficial tillage Favour emergence of Mineralization Reduction of herbicides
September breaking (cover crop) between crops volunteers an@romus especially those with
(just after No of operations: 1-3 species effects against grasses
harvest of Specified for each crop
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preceding
crop)

Deep tillage: no, max. 25 cm

Deep tillage

Presepiknatural
enemies

Inversion tillage: yes

Tillage type (inversion

e@d control in general

May reduce natural
enemies

Lowers the need for
gramicides

CROP 1: winter barley

Weeds: delayed sowing, reduced herbicide dosedhrbeld assessments and optimised applicatiomtimupported by a decision support system
Diseases: delayed sowing to reduce BYDV, resigtaltivars, reduced fungicide dose through fieldeasments and optimised application timing suppdiieal

decision support system
Insects pests: insecticides against aphids, ifssecyg
Potential pesticide reduction in relation to cutneractises: 5-10%

Pre-drilling tillage Early Light stubble cultivation in case af Superficial tillage Promotes the emergence| Nitrogen mineralization | 50% herbicide reduction
September Bromusproblems between crops of Bromusspecies and on 5-10% of the area,
volunteers, and reduces mainly saving the
slugs treatment again®&romus
Drilling Mid- Criteria for variety choice ranked| Additional seed cost of | Reduced disease level of| Varieties not always 50% reduction of
September according to priority: 1) winter cultivar, yield reduction | rust and net-blotch available. The other fungicide use in
hardiness, 2) yield, 3) lodging, 4) due to cultivar factors may comparison with a
rust (Puccinia hordej, 5) net- compromises disease | susceptible variety
blotch Orechlera teres Among resistance provided that resistant
pests: main focus on disease varieties are available
resistance
Mid- Delayed sowing, 10-14 days Superficial tillage Reduced incidence of May increase slug 50% insecticide reductior]
September between crops Barley Yellow Dwarf problems on clay soils | on 50% of the area, if
Virus (BYDV) and warnings confirm a risk
reduced emergence of for aphid attacks
winter annual weeds
Mid- Decrease seed rate, 250 pf m Sowing density Reduces risk of lodging Increassldof weed Little potential for
September growth reduction as there is only|
minor use of plant growth
regulators (PGR)
Mineral fertilization Early April No of operations: 1 Mineral P/K fertilizers
Standard total amount kg'ha20 | applications
P, 60 K Total number of
treatment operations
Early April No of operations: 1 Mineral N fertilizer

Total amount kg H& 160 N

applications Total
number of treatment
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operations
Organic fertilization No Organic N fertilizer
applications
Total number of
treatment operations
Molluscicide No Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations
Herbicide October Soil active herbicide TFI of herbicide Annual grass weeds and | Optimal timing can be | Early application
Total pesticide TFI broadleaved weeds obstructed by optimizes possibilities to
Pesticide mobility unfavourable weather | apply reduced rates and
Pesticide eco-toxicity conditions. Farming product mixtures
Soil cover at pesticide structures with large according to the weed
application areas to be treated can | flora. Mixtures and
Total number of also have a negative correct timing can
treatment operations effect on timing. potentially reduce
herbicide input by 25%
April Foliage active herbicide TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment
Total pesticide TFI weed control. jeopardised by determines the need. If
Pesticide mobility Occasionally wild oat and unfavourable weather | proper autumn treatment
Pesticide eco-toxicity remaining grass weeds | conditions and farm has been made, the neeg
Soil cover at pesticide structures for control will decline.
application Only 20-30% of the area
Total number of normally treated would bé
treatment operations treated, if spraying
decisions are based on
field assessment
Early July Pre-harvest Coucklymus TFI of herbicide Couch control. Other None Field assessment
repen$ control with glyphosate | Total pesticide TFI perennials are affected and determines the need.

Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of

crop desiccation is
achieved

Patch spraying, reduction
potential up to 90%
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Fungicide

May

Chemical disease control

TFI of fungicide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations

Rust, net-blotch, mildew
(Erysiphe spp, leaf scald
(Rhynchosporium seca)is

None

Field assessment
determines the need.
Optimised timing and
dose. Reduction potentid
already achieved in
practise

1

Insecticide

Early October

Insecticide against BYDV

TFI of ingeide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations

Aphid control

If applied, then only
according to risk.
Treatments can be
avoided in some years

Growth regulator

No

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Other chemical
product

No

Total pesticide TFlI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Biological control
product (elicitor,
pheromone...)

No

Total number of
treatment operations

Irrigation

No

Irrigation

Harvest

Mid-end July

Operation: classic (no additiona
cost)

No of operation: 1

Expected yield: 6 t hh

Fuel consumption at
harvest

POST-HARVEST

gend July

Stubble breaking (cover crop)

Reduction of heids
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MANAGEMENT/ pre
drilling tillage

No of operations: 2

between crops

the subsequept cr

Intermediate crop

No

CROP 2: winter oil

Weeds: mechanical weeding, spring herbicide if sgagy, volunteer control by light stubble cultiati

seed rape Diseases: chemical control, resistant varieties
Insects: chemical control according to field ass®sgs and warning systems
Slugs: mechanical weeding, chemical control
Potential pesticide reduction in relation to cutneractises: 30-50%
Drilling Early-mid Criteria for variety choice ranked| Additional seed cost of Little information on Documentation is lacking
August according to priority: 1) winter cultivar, yield reduction disease resistance among
hardiness, 2) yield, 3) seed price| due to cultivar varieties
Early-mid Establishment on increased row | Superficial tillage Early sowing might See description for inter-
August spacing, preferably 50 cm. Plant| between crops increase the need for | row cultivation
density: 20-25 plants ™ plant growth regulation
(PGR). Phoma may
increase. However, of
minor importance
Density: 20-25 plants ™ Sowing density
Mechanical weeding Mid- 1-2 inter-row cultivations Superficial tillage in Weed control in general. | Availability of 80% herbicide reduction.
September crops May reduce slug incidencemachinery, low capacity, Lower need for PGR
weather dependency although not commonly
Insufficient effect used
against high levels of
volunteers and grass
weeds in the rows
Mineral Fertilization Mid March No of operations: 1 Mineral P/K fertilizer
Standard total amount kg hia25 | applications Total
P, 80 K number of treatment
operations
Mid- No of operations: 1-2 Mineral N fertilizer
September/ | Total amount kg b4 180 N applications Total
Mid-March number of treatment

operations

Organic Fertilization No Organic N fertilizer
applications Total
number of treatment
operations
Molluscicide No Late sowing
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Herbicide

Ultimo April

Chemical weed control

TFI of herbicide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations

Mayweed
Tripleurospermum
inodorum

None

Field assessment
determines the need.
Potentially 50%
reductions with patch

spraying

Fungicide

Early October

Chemical phoma contrBhpoma

lingam)

TFI of fungicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Phoma + PGR

None

If high level of nutrientg
from slurry, PGR
application might be
relevant

May

Chemical disease control

TFI of fungicide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations

Sclerotinia stem rot
(Sclerotinia sclerotiury
alternaria spp., grey rot
(Botrytis cinereq

None

No reductions possible
due to lack of efficient
warning systems

Insecticide

September

Chemical slug control following
inter-row cultivation and only on

loam/clay soils

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Slugs

None

According to alerts from
warning system on field
level

Early October

Chemical cabbage stem flea be

(Psylliodes chrysocepthgla
control

efl&l of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Cabbage stem flea beetlg

None

According to alesta &
warning system on field
level

a

Total number of

¥ *
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treatment operations

Medio-ultimo | Chemical pest control TFI of insecticide Pollen beetleNleligethes | None Field assessment
April Total pesticide TFI aeneu} determines the need. 309
Pesticide mobility reduced dose currently
Pesticide eco-toxicity used
Soil cover at pesticide
application
Total number of
treatment operations
May Chemical pest control TFI of insecticide Cabbage seed weevil, None Field assessment
Total pesticide TFI (Ceutorhynchus assimi)is determines the need. 30%
Pesticide mobility & Brassica pod midge reduced dose currently
Pesticide eco-toxicity (Dasineura brassicge used
Soil cover at pesticide
application
Total number of
treatment operations
Growth regulator No
Other chemical No
product
Biological control No Total number of
product (elicitor, treatment operations
pheromone...)
Irrigation No Irrigation
Harvest Mid July Operation: classic (no additional| Fuel consumption at
cost) harvest
No:1
Expected yield: 3.4 t Ha
Straws exported Stubble management Avoid slugs mblduscicide
POST-HARVEST End July / Stubble breaking (cover crop) Superficial tillage To reduce volunteers in Reduction of herbicide
MANAGEMENT/ pre early august | No of operations: 2 between crops the subsequent crop
drilling tillage Early Light stubble cultivation in case af Superficial tillage Promotes the emergence| Nitrogen mineralization | 50% herbicide reduction
September Bromusproblems between crops of Bromusspecies and on 5-10% of the area,

volunteers, and reduces
slugs

mainly saving the
treatment again®romus

Intermediate crop

No

CROP 3 and 4 in
rotations | and Il:

Weeds: delayed sowing, reduced herbicide doseghrtield assessments and optimised applicatiomgraupported by a decision support system
Diseases: resistant variety, reduced fungicide tluseigh field assessments and optimised applitaitising supported by a decision support system
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winter wheat Insects: resistant variety, spraying only accordmthe need, reduced insecticide dose accordimgtoing systems, field assessments and optimjgglication
timing
Lodging: reduced crop density
Potential pesticide reduction in relation to cutneractises: 5-10%
Drilling September Criteria for variety choice rankedAdditional seed cost of | Reduced disease level of| Varieties not always 50% reduction of
according to priority: 1) winter cultivar, yield reduction | the diseases mentioned | available. The other fungicide use in
hardiness, 2) yield, 3) lodging due to cultivar criteria may compromise comparison with a
tendency, 4) rustRuccinia spp), disease resistance susceptible variety
5) Septoria tritici, 6) mildew provided that the resistan
(Erysiphe spp, among pests main varieties are available
focus on disease resistance
Delayed sowing 10-14 days Additional seed cost pfReduced incidence of May increase slug 50% insecticide reductior]
cultivar, yield reduction | Barley Yellow Dwarf problems on clay soils | on 30% of the area, if
due to cultivar Virus and reduced warnings confirm risk of
emergence of winter aphid attacks
annual weeds
Decreased density: 250-300 pl. mSowing density Reduces the risk of Increased risk of weed | Small potential for
2 lodging growth reduction as there is
relatively little use of
PGR
Mechanical weeding No Superficial tillage in
crops
Mineral Fertilization Early April No of operations: 1 Mineral P/K fertilizers
Standard total amount kg hia20 | applications
P, 60 K Total number of
treatment operations
Early April No of operations: 1 Mineral N fertilizer
Total amount kg h& 120 N for applications Total
crop 3 and 160 N for crop 4 number of treatment
operations
Organic Fertilization No Organic N fertilizer
applications Total
number of treatment
operations
Molluscicide No
Herbicide October Chemical weed control TFI of herbicide Weed control, especially | Optimal timing can be | Early application
Total pesticide TFI against grass weeds jeopardized by optimizes the possibilitieg
Pesticide mobility unfavourable weather | to apply reduced rates an

—
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Pesticide eco-toxicity conditions and farm product mixtures
Soil cover at pesticide structures and lack of | according to the weed
application sufficient capacity flora. Mixtures and
Total number of correct timing may result
treatment operations in a 25% reduction
April Chemical weed control TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment
Total pesticide TFI weeds. Occasionally wild| jeopardized by determines the need. If a
Pesticide mobility oat Avena fatud..) and unfavourable weather | proper autumn treatment
Pesticide eco-toxicity remaining grass weeds | conditions and farm has been made, the neeg
Soil cover at pesticide structures and lack of | will decline. Only 20-30%
application sufficient capacity of the area would be
Total number of treated, if decisions abou
treatment operations spraying are based on
field assessments
Primo July Pre-harvest CoucBlymus TFI of herbicide Couch control. Other None Field assessment
repen$ control with glyphosate. | Total pesticide TFI perennials and desiccation determines the need.
Applied in the winter wheat crop | Pesticide mobility of the crop Reduction potential up to
in the rotation in 50% of the casegsPesticide eco-toxicity 90% with patch spraying
Soil cover at pesticide
application
Total number of
treatment operations
Fungicide May-June Chemical disease control, 1-2 | TFI of fungicide Rust, mildew, septoria None Field assessment
treatments Total pesticide TFI determines the need.
Pesticide mobility Optimised timing and
Pesticide eco-toxicity dose in practise.
Soil cover at pesticide Reduction potential
application already achieved
Total number of
treatment operations
Insecticide Early October | Insecticide against BYDV TFI of ingeide Aphid control (e.g. None If applied then only
Total pesticide TFI Sitobion avende according to risk.
Pesticide mobility Treatments can be
Pesticide eco-toxicity avoided in some years
Soil cover at pesticide
application
Total number of
treatment operations
pune Chemical pest control None Field assessments,

A TFI of insectici Aphigrange wheat
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Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

blossom midge
(Sitodiplosis mosellana

resistant varieties agains
orange wheat blossom
midge

Growth regulator

April

Chemical control, Plant Growth
Regulation

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Decreased risk of lodging

None

N-limitations, varie
choice, seed rate and
sowing date influence the
need for PGR

Other chemical No
product
Biological control No Total number of
product (elicitor, treatment operations
pheromone...)
Irrigation No
Harvest End of August| Operation: classic (no additional Fuel consumption at
cost) harvest
No:1
Yield 7.2 t hd
POST-HARVEST Early Light stubble cultivation in case af Superficial tillage Promotes the emergence| Nitrogen mineralization | 50% herbicide reduction
MANAGEMENT/ pre September Bromusproblems between crops of Bromusspecies and on 5-10% of the area,

drilling tillage between

crops 3 and 4

volunteers, and reduces
slugs

mainly saving the
treatment again®romus

Catch crop after crop 4

Late August

Catch crop

Suppresses weed grow

ith

in the autumn

Unknown

CROP 5 in rotation I:

spring barley
CROP 5 and 6 in
rotation II: spring
barley

Weeds: fertiliser placement, reduced herbicide dosrigh field assessments and optimised applicaitioing supported by a decision support system
Diseases: resistant variety, reduced fungicide tfuseigh field assessments and optimised applitaitising supported by a decision support system
Insects: spraying only according to the need, reducsecticide dose according to warning systeisis #ssessments and optimised application timing

Potential pesticide reduction in relation to cutneractises: 10-30%

Drilling

March-April

Criteria for variety choice ranked
according to priority: 1) yield, 2)

quality, 3) rust, 4) net-blotch.

Superficial tillage
between crops

Reduced disease level of
rust and net-blotch

Varieties not always
available. The other

50% reduction of
fungicide use in

factors may compromise

> comparison with a
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Among pests main focus is on
disease resistance

disease resistance

susceptible variety
provided that resistant
varieties are available

| M|

Density: 300- | Sowing density Additional seed cost off Improved crop Lodging Reduced herbicide dose
350 pl. n? cultivar, yield reduction | competiveness against may become more
due to cultivar weeds efficient
Mechanical weeding No
Mineral Fertilization March-April Placement of nutrients Mineral N/P/ktibzer | Improved crop None 25% reduction in
applications competitiveness against herbicide input
Total number of weeds
treatment operations
March-April No of operations: 1 Mineral P/K fertilizers
Standard total amount kg hia20 | applications
P, 50 K Total number of
treatment operations
March-April No of operations: 1 Mineral N fertilizer
Total amount kg h& 120 N applications Total
number of treatment
operations
Organic Fertilization No
Molluscicide No
Herbicide April Chemical weed control TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment
Total pesticide TFI weeds. Occasionally wild| jeopardized by determines the need.
Pesticide mobility oat Avena fatud..) and unfavourable weather | Optimal timing can
Pesticide eco-toxicity remaining grass weeds | conditions and farm reduce the dose by 20-
Soil cover at pesticide structures and lack of | 30%
application sufficient capacity
Total number of
treatment operations
Fungicide May-June Chemical disease control TFI of fungicide Rust, net-blotch, mildew, Field assessment
Total pesticide TFI leaf scald determines the need.
Pesticide mobility (Rhynchosporium seca)is Optimised timing and
Pesticide eco-toxicity dose in practise, reductio
Soil cover at pesticide potential already achieve
application
Total number of
treatment operations
Insecticide May Chemical pest control TFI of insecticide Aphidereal leaf beetle Field assessment,
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Total pesticide TFI (Oulema spp. spraying according to the
Pesticide mobility need
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of
treatment operations
Growth regulator No
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No
Harvest Harvest Mid-August Operation: classic (no | Fuel consumption at
additional cost) harvest
No:1
Yield 4.9 t ha
Catch crop after crop 5 | Late August Catch crop Suppresses weed growth Unknown
in rotation Il in the autumn

Denmark 1S1-systems (differences from AS are writte in bold)

Principles: principles of the IS1s proposed with regard tortieEn pest risk identified in the current system

Pest Scale Main crop protection strategies, main principles Aim Others impacts
Impact on pests disadvantages & advantages
WEEDS Cropping system | Diversifying sowing periods by introducing springpps | Prevent the proliferation of cleavers | The percentage of high yield crops (e.g. wheathén

and shifting sowing dates (early/late sowing dates)

(Galium aparing and specialised
annual grass weeds

Allows stale seedbed between harvegsseedbed)
and drilling (late sowing or spring

crops)

rotation cannot be maintained.
Energy and time consumption may increase (false

Risk of NG; leaching, especially with bare soil (pri
to spring crops)

Positive impact on diseases (sowing dates and
diversified rotations)

D

Prioritise crop cultivars with high disease resisga

Reduces the incidence of diseases

Deliverstiaints for some crops

Mechanical cultivation prior to sowing including
ploughing (inverting tillage)

Reduces TFI

Energy and time consumption may inereas

Ploughing may reduce natural enemies
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D

All crops Reduced herbicide dose through field assessmedts an Reduces TFI Control failures leading to a high weeed return
optimised application timing supported by a decisio
support system
Crop: Winter oll Inter-row cultivation Reduces TFI, controls weeds ayMlecrease slug incidence
seed rape
Crop: winter Delayed sowing Reduces emergence of winter annual Also efficient to decrease aphids causing Barley
wheat weeds Yellow Dwarf Virus (BYDV) (no autumn insecticid
against aphids, less fungicide).
Slug problems may increase
Risk of lower yield
Risk of unsuitable sowing conditions
Crop: spring Placement of fertilizers Increases weed suppression Equipment for placement needed
barley Early sowing of high priority Competition againgrimg weeds Unsuitable weather / soil conditionssfowing
INSECTS Landscape Small fields (<10 ha), settlement of hedges ormtles- | Favour natural enemies
PESTS productive areas
Flowering strips for pollinators (syrphae), refudes Favour natural enemies populations
ladybugs in winter against aphids
Turnip rape Brassica rapaon WOSR margins Attract pollen beetles Loss ofipictive area
All crops Spraying only according to the need, reduced ifgdet | Reduce TFI Control failures may occur
dose according to warning systems, field assessnasat
optimised application timing
DISEASE Cropping system | Diversifying crops in the rotation Increase duratietween the same | Lower frequency of highly valuable crops
crop
All Crops Use of resistant cultivars against diseases Rediekes Resistant cultivars sometimes less productive
Delivery constraints with cultivars
Reduced fungicide dose through field assessmedts an Reduces TFI Control failures may occur
optimised application timing supported by a decisio
support system
Crop: Winter Delayed sowing Limit aphids and thus BYDV Risk of lower yield
wheat Risk of unsuitable sowing conditions
SLUGS Crops Export straws if possible Reduce TFI Decrease ibsganic matter
IS1 prototype

LANDSCAPE MANAGEMENT PRACTICES
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diversifying crop protection

* X
*

Page 78 of i s

O



ENDURE - Deliverable DR2.16

Landscape Period Practice DEXiPM inputs Observations

management

Field margin Trap cropping. Flowering bordering zones to trap insects Habitat management Breaking at flowering to kill pat of the
pollen beetle

Non-productive area Hedges, flowering strips... Habitat management Increase natural enemies populiains

Landscape (fields, Stewardship schemes Societal value of Landscape perception

margins, and non- landscape

productive areas)
Other landscape management that could be mentioned, not in the present system
Surrounding fields Stubble management (stubble as source of inocfdumew fields, e.g. phoma Pest pressure includes
stem canker), Species and cultivars choice andluligion at the landscape | cultivar distribution

scale (collective management of resistance dutghiBM management), etc.}.

CROP MANAGEMENT PRACTICES

Crop management Period Practice and description DEXiPM inputs Impact on pests Disadvantages Pesticide reduction
(decade) (described in detail in
the attached table)
CROP SEQUENCE I. W. barley — W. rape — W. No of crops, proportion o
wheat — W. wheat + catch crop summer crops, of late-
— S. barley harvest crops, crop type
Il. W. barley — W. rape — W. (winter, spring, summer,
wheat - W. wheat + catch crop perennial), crop effect on
— S. barley + catch crop / pollinators, soil cover

undersown ley — S. barley

General management Logistics: optimisation of Better effects are 0-5% reduction in
of crop protection systems to manage logistics at expected because pesticide input
farm level: improves timing, timing of applications
capacity and rounding off of are improved

areas because the work is better
organised

Spraying technology spraying Overlapping and non-
equipment with higher capacity. target areas are avoided
GPS-systems introduced to
avoid overlapping, 5 % savings
in pesticide use in Danish farm
test. Whenever possible spraying

Yendure Page 79 of {-'A-f?

diversifying crop protection



ENDURE - Deliverable DR2.16

should be based on weed
mapping and patch spraying

Improved forecasting models
and decision support systems

More targeted
treatments with better
timing

The reduction potential
unknown

Pre-drilling tillage August- Stale seedbed and stubble breakinguperficial tillage Favour emergence of Mineralization Reduction of herbicides
September (cover crop) between crops volunteers an@romus especially those with
(just after No of operations: 1-3 species effects against grasses
harvest of Specified for each crop
preceding
crop)

Dynamic tillage: various depths, | Deep tillage Preserve soil natural Lower need for

tillage according to need and enemies, control pests pesticides in general

problem

Inversion tillage: yes/no Tillage type Weed control in May reduce natural Lowers the need for
(inversion/non- general. Less crop enemies. gramicides
inversion) residues

CROP 1: winter
barley

Weeds: delayed sowing, reduced herbicide dosedhrbield assessments and optimised applicatiomtimupported by aimproved decision support system

decision support systerrevention of weed seed return during harvesting

Diseases: delayed sowing to reduce BYD4riety mixtures with resistant cultivars, reduced fungicide ddseugh field assessments and optimised applica

timing supported by amproved decision support systerdjusted fungicide dosage according to crop biomass
Insects pests: insecticides against aphids, ifssegImproved forecasting models, especially against ajids

Pre-drilling tillage

Early
September

Light stubble cultivation in case o
Bromusproblems

f Superficial tillage
between crops

Promotes the emergenc
of Bromusspecies and
volunteers, and reduces
slugs

e Nitrogen mineralization

50% herbicide reduction
on 5-10% of the area,
mainly saving the
treatment again&romus

Drilling

Mid-
September

Variety mixtures that minimises
disease attack relative to singleg
varieties. Resistance against 1
rust (Puccinia hordei) and 2) net-
blotch (Drechlera teres) of
particular interest

Additional seed cost of
cultivar, yield reduction
) due to cultivar

Avoid high disease
levels

Varieties not always
available. Factors such
as yield, winter
hardiness and lodging
may compromises
disease resistance

Mid-
September

Delayed sowing, 10-14 days

Superficial tillage
between crops

—

Reduced incidence of
Barley Yellow Dwarf
Virus (BYDV) and
reduced emergence of

May increase slug
problems on clay soils

50% insecticide reductior]
on 50% of the area, if
warnings confirm a risk
for aphid attacks
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Mid- Decrease seed rate, 250 pf m Sowing density Reduces risk of lodging Increassldaf weed Little potential for
September growth reduction as there is only|
minor use of plant growth
regulators (PGR)
Mineral fertilization Early April No of operations: 1 Mineral P/K fertilizers
Standard total amount kg ha20 | applications
P, 60 K Total number of treatment
operations
Early April No of operations: 1 Mineral N fertilizer
Total amount kg H& 160 N applications Total number
of treatment operations
Organic fertilization No Organic N fertilizer
applications
Total number of treatment
operations
Molluscicide No Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide October Soil active herbicide TFI of herbicide Annual grass weeds and Optimal timing can be | Early application
Total pesticide TFI broadleaved weeds obstructed by optimizes possibilities to
Pesticide mobility unfavourable weather | apply reduced rates and
Pesticide eco-toxicity conditions. Farming product mixtures
Soil cover at pesticide structures with large according to the weed
application areas to be treated can | flora. Mixtures and
Total number of treatment also have a negative correct timing can
operations effect on timing. potentially reduce
herbicide input by 25%
April Foliage active herbicide TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen

operations

weed control.
Occasionally wild oat
and remaining grass
weeds

jeopardised by
unfavourable weather
conditions and farm
structures

determines the need. If

proper autumn treatment
has been made, the need
for control will decline.

Only 20-30% of the area
normally treated would be
treated, if spraying
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decisions are based on
field assessment

|

Early July Pre-harvest CoucElymus TFI of herbicide Couch control. Other None Field assessment
repen$ control with glyphosate | Total pesticide TFI perennials are affected determines the need.
Pesticide mobility and crop desiccation is Patch spraying, reduction
Pesticide eco-toxicity achieved potential up to 90%
Soil cover at pesticide
application
Total number of treatmen
operations
Fungicide May Chemical disease control TFI of fungicide Rust, net-blotch, mildew| None Field assessment
Total pesticide TFI (Erysiphe spp, leaf determines the need.
Pesticide mobility scald Rhynchosporium Optimised timing and
Pesticide eco-toxicity secalig dose. Reduction potentig
Soil cover at pesticide already achieved in
application practise
Total number of treatmen
operations
Insecticide Early October | Insecticide against BYDV TFI of ingeide Aphid control If applied, then only

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

according to risk.
Treatments can be
avoided in some years

Growth regulator

No

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

Other chemical
product

No

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Wendure
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operations
Biological control No Total number of treatment
product (elicitor, operations
pheromone...)
Irrigation No Irrigation
Harvest Mid-end July | Operation: classic (no additional| Fuel consumption at
cost) harvest
No of operation: 1
Expected yield: 6 t hh
Harvest techniques: collecting Fuel consumption at Prevention of weed seed Reduction potential
weed seeds during harvest harvest return — less future unknown
operation, spot mapping of weed problems
individual weed species during
harvest operation
POST-HARVEST End July Stubble breaking (cover crop) | Superficial tillage To reduce volunteers in Reduction of herbicide

MANAGEMENT/ pre
drilling tillage

No of operations: 2

between crops

the subsequent crop

Intermediate crop

No

CROP 2: winter oil

Weeds: mechanical weeding, spring herbicide if sgagy, volunteer control by light stubble cultieatiBand-spraying. Prevention of weed seed return during

seed rape harvesting
Diseases: chemical control, resistant varie#elusted fungicide dosage according to crop biomass
Insects: chemical control according to field asses#s and warning systentsiproved forecasting models
Slugs: mechanical weeding, chemical control
Drilling Early-mid Criteria for variety choice ranked| Additional seed cost of Little information on Documentation is lacking
August according to priority: 1) winter cultivar, yield reduction disease resistance among
hardiness, 2) yield, 3) seed price| due to cultivar varieties
Early-mid Establishment on increased row | Superficial tillage Early sowing might See description for inter-
August spacing, preferably 50 cm. Plant | between crops increase the need for | row cultivation
density: 20-25 plants ™ plant growth regulation
(PGR). Phoma may
increase. However, of
minor importance
Density: 20-25 plants Sowing density
Mechanical weeding Mid- 1-2 inter-row cultivations Superficial tillage imaps | Weed control in general. Availability of 80% herbicide reduction.
September May reduce slug machinery, low capacity, Lower need for PGR

incidence

weather dependency

although not commonly

Insufficient effect

used
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against high levels of
volunteers and grass
weeds in the rows

Mineral Fertilization Mid March

No of operations: 1

Standard total amount kg fia25

P, 80 K

Mineral P/K fertilizer
applications Total numbe
of treatment operations

r

Mid-
September /
Mid-March

No of operations: 1-2
Total amount kg H& 180 N

Mineral N fertilizer
applications Total numbe
of treatment operations

r

Organic Fertilization

No

Organic N fertilizer
applications Total numbe
of treatment operations

r

Molluscicide

No

Late sowing

Herbicide September

Development of band-spraying
intra-row

techniques against
weeds in oilseed rape

) TFI of herbicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of
treatment operations

Effective against intra-
row weeds in contrast
to inter-row cultivation

Low working capacity

Slight increase in
herbicide use

Ultimo April

Chemical weed control

TFI of herbicide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatmen
operations

Mayweed
Tripleurospermum
inodorum

None

Field assessment
determines the need.
Potentially 50%
reductions with patch

spraying

Fungicide Early October

Chemical phoma contrBhpma

lingam)

TFI of fungicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

Phoma + PGR

None

If high level of nutrientg
from slurry, PGR
application might be
relevant

May

Chemical disease control

TFI of fungicide

Sclerotinia stem rot

None

No reductions possible
due to lack of efficient

yenaure

diversifying crop protection

Total pesticide TFH
Page 84 of é

(Sclg‘%ﬂa sclerotiut)
g& I 4



ENDURE - Deliverable DR2.16

Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

alternaria spp., grey rot
(Botrytis cinerea

warning systems

Insecticide

September

Chemical slug control following
inter-row cultivation and only on

loam/clay soils

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

Slugs

None

According to alerts from
warning system on field
level

Early October

Chemical cabbage stem flea begfld=I of insecticide

(Psylliodes chrysocepthgla
control

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

Cabbage stem flea beetl

e

None

According to alesta &
warning system on field
level

Medio-ultimo
April

Chemical pest control

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatmen
operations

Pollen beetleNleligethes
aeneu}

None

Field assessment
determines the need. 309
reduced dose currently
used

May

Chemical pest control

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatmen
operations

Cabbage seed weevil,
(Ceutorhynchus
assimilig & Brassica pod
midge Pasineura
brassica¢

None

Field assessment
determines the need. 309
reduced dose currently
used

Growth regulator 1

No
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Other chemical No
product
Biological control No Total number of treatment
product (elicitor, operations
pheromone...)
Irrigation No Irrigation
Harvest Mid July Operation: classic (no additional | Fuel consumption at
cost) harvest
No:1
Expected yield: 3.4 t ifa
Harvest techniques: collecting Fuel consumption at Prevention of weed seed Reduction potential
weed seeds during harvest harvest return — less future unknown
operation, spot mapping of weed problems
individual weed species during
harvest operation
Straws exported Stubble management Avoid slugs mblduscicide
POST-HARVEST End July / Stubble breaking (cover crop) Superficial tillage To reduce volunteers in Reduction of herbicide
MANAGEMENT/ pre | early august | No of operations: 2 between crops the subsequent crop
drilling tillage Early Light stubble cultivation in case of Superficial tillage Promotes the emergence Nitrogen mineralization | 50% herbicide reduction
September Bromusproblems between crops of Bromusspecies and on 5-10% of the area,

volunteers, and reduces
slugs

mainly saving the
treatment again®@romus

Intermediate crop

No

CROP 3 and 4 in
rotations | and II:
winter wheat

Weeds: delayed sowing, reduced herbicide dosegdhrbeld assessments and optimised applicatiomtimupported by aimproved decision support system.

Prevention of weed seed return during harvesting

Diseasesvariety or species mixtureswith resistant varieties, reduced fungicide déseugh field assessments and optimised applicétiuing supported by an
improved decision support systedmproved forecasting models against septoridAdjusted fungicide dosage according to crop biomass
Insects: resistant variety, spraying only accordmthe need, reduced insecticide dose accordimgtaing systems, field assessments and optimigglication

timing. Improved forecasting models, especially against apis
Lodging: reduced crop density

Drilling

September

Variety mixtures that minimises

disease attack relative to singleg
varieties. Resistance against 1
rust (Puccinia spp.), 2) Septoria
tritici, 3) mildew (Erysiphe spp.),

of particular interest

Additional seed cost of
cultivar, yield reduction
) due to cultivar

Avoid high disease
levels

Varieties not always
available. Factors such
as yield, winter
hardiness and lodging
may compromises
disease resistance
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Species mixturesas an
alternative to variety mixtures:

winter wheat and winter peas
mixtures

Additional seed cost of
cultivar, yield reduction
due to cultivar

Less disease attacks in
wheat, less aphid
attack.

Weed problems more
uncertain

Reduced fungicide use
and probably also
insecticide

Delayed sowing 10-14 days

Additional seed cost of
cultivar, yield reduction
due to cultivar

Reduced incidence of
Barley Yellow Dwarf
Virus and reduced
emergence of winter
annual weeds

May increase slug
problems on clay soils

50% insecticide reductior
on 30% of the area, if
warnings confirm risk of
aphid attacks

Decreased density: 250-300 pl“n

n Sowing density

Reduces the risk of
lodging

Increased risk of weed
growth

Small potential for
reduction as there is
relatively little use of
PGR

Mechanical weeding

No

Superficial tillage in crops

Mineral Fertilization Early April No of operations: 1 Mineral P/K fertilizers
Standard total amount kgha20 | applications
P, 60 K Total number of treatment
operations
Early April No of operations: 1 Mineral N fertilizer
Total amount kg H& 120 N for applications Total number
crop 3 and 160 N for crop 4 of treatment operations
Organic Fertilization No Organic N fertilizer
applications Total number
of treatment operations
Molluscicide No
Herbicide October Chemical weed control TFI of herbicide Weed control, especially] Optimal timing can be | Early application
Total pesticide TFI against grass weeds jeopardized by optimizes the possibilitieg
Pesticide mobility unfavourable weather | to apply reduced rates ar
Pesticide eco-toxicity conditions and farm product mixtures
Soil cover at pesticide structures and lack of | according to the weed
application sufficient capacity flora. Mixtures and
Total number of treatment correct timing may result
operations in a 25% reduction
April Chemical weed control TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment

Total pesticide TFI
Pesticide mobility

weeds. Occasionally wilg
oat Avena fatud..) and

Pesticide eco-toxicity

| jeopardized by
unfavourable weather

remaining grass weeds

conditions and farm

determines the need. If a
proper autumn treatment
has been made, the need

Wendure
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Soil cover at pesticide structures and lack of | will decline. Only 20-30%
application sufficient capacity of the area would be
Total number of treatment treated, if decisions abou
operations spraying are based on
field assessments
Primo July Pre-harvest Coucllymus TFI of herbicide Couch control. Other None Field assessment
repen$ control with glyphosate. | Total pesticide TFI perennials and determines the need.
Applied in the winter wheat crop | Pesticide mobility desiccation of the crop Reduction potential up to
in the rotation in 50% of the cases Pesticide eco-toxicity 90% with patch spraying
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June Chemical disease control, 1-2 | TFI of fungicide Rust, mildew, septoria None Field assessment
treatments Total pesticide TFI determines the need.
Pesticide mobility Optimised timing and
Pesticide eco-toxicity dose in practise.
Soil cover at pesticide Reduction potential
application already achieved
Total number of treatment
operations
Insecticide Early October | Insecticide against BYDV TFI of ingeide Aphid control (e.g. None If applied then only
Total pesticide TFI Sitobion avenge according to risk.
Pesticide mobility Treatments can be
Pesticide eco-toxicity avoided in some years
Soil cover at pesticide
application
Total number of treatment
operations
June Chemical pest control TFI of insecticide Aphids / orange wheat | None Field assessments,
Total pesticide TFI blossom midge resistant varieties agains
Pesticide mobility (Sitodiplosis mosellana orange wheat blossom
Pesticide eco-toxicity midge
Soil cover at pesticide
application
Total number of treatment
operations
Growth regulator April Chemical control, Plant Growth | Total pesticide TFI Decreased risk of lodging None N-limitations, varie
Regulation Pesticide Mobility ym choice, seed rate and

*endure Page 88 of é‘?
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Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatment
operations

sowing date influence the
need for PGR

Other chemical No
product
Biological control No Total number of treatment
product (elicitor, operations
pheromone...)
Irrigation No
Harvest End of August| Operation: classic (no additional Fuel consumption at
cost) harvest
No:1
Yield 7.2 t hd

Harvest techniques: collecting
weed seeds during harvest
operation, spot mapping of
individual weed species during
harvest operation

Fuel consumption at
harvest

Prevention of weed seed
return — less future
weed problems

Reduction potential
unknown

POST-HARVEST
MANAGEMENT/ pre
drilling tillage between
crops 3 and 4

Early
September

Light stubble cultivation in case o
Bromusproblems

f Superficial tillage
between crops

Promotes the emergenc
of Bromusspecies and
volunteers, and reduces
slugs

e Nitrogen mineralization

50% herbicide reduction
on 5-10% of the area,
mainly saving the
treatment again@romus

Catch crop after crop
4

Late August

Catch crop

Suppresses weed gro

wth

in the autumn

Unknown

CROP 5 in rotation I
spring barley

CROP 5 and 6 in
rotation II: spring
barley

Weeds: fertiliser placement, reduced herbicide diosmigh field assessments and optimised applicaitioing supported by amproved decision support system.

Prevention of weed seed return during harvesting

Diseasesvariety mixtures with resistant varieties, reduced fungicide ddseugh field assessments and optimised applicatinimg supported by aimproved

decision support systerAdjusted fungicide dosage according to crop biomass

Insects: spraying only according to the need, reduicsecticide dose according to warning systeisls] #ssessments and optimised application tinimgroved

forecasting models, especially against aphids

Drilling

March-April

Variety mixtures that minimises
disease attack relative to single
varieties. Resistance against 1
mildew, 2) rust, and 2) net-

Additional seed cost of
cultivar, yield reduction
due to cultivar

blotch (Drechlera teres) of

Avoid high disease
levels

Varieties not always
available. Factors such
as yield, winter
hardiness and lodging
may compromises

Wendure
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particular interest

disease resistance

O

Density: 300- | Sowing density Additional seed cost of | Improved crop Lodging Reduced herbicide dose
350 pl. n? cultivar, yield reduction | competiveness against may become more
due to cultivar weeds efficient
Mechanical weeding No
Mineral Fertilization March-April Placement of nutrients Mineral N/P/Ktitzer Improved crop None 25% reduction in
applications competitiveness against herbicide input
Total number of treatment weeds
operations
March-April No of operations: 1 Mineral P/K fertilizers
Standard total amount kg ha20 | applications
P, 50 K Total number of treatment
operations
March-April No of operations: 1 Mineral N fertilizer
Total amount kg h& 120 N applications Total number
of treatment operations
Organic Fertilization No
Molluscicide No
Herbicide April Chemical weed control TFI of herbicide Primary broad leaved Optimal timing can be | Field assessment
Total pesticide TFI weeds. Occasionally wild jeopardized by determines the need.
Pesticide mobility oat Avena fatud..) and | unfavourable weather | Optimal timing can
Pesticide eco-toxicity remaining grass weeds | conditions and farm reduce the dose by 20-
Soil cover at pesticide structures and lack of | 30%
application sufficient capacity
Total number of treatment
operations
Fungicide May-June Chemical disease control TFI of fungicide Rust, net-blotch, mildew Field assessment
Total pesticide TFI leaf scald determines the need.
Pesticide mobility (Rhynchosporium Optimised timing and
Pesticide eco-toxicity secalig dose in practise, reductio
Soil cover at pesticide potential already achieve
application
Total number of treatment
operations
Insecticide May Chemical pest control TFI of insecticide Aphids, cereal leaf beetle Field assessment,

Total pesticide TFI

(Oulema spp.

Pesticide mobility

spraying according to the

need

Wendure
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Pesticide eco-toxicity
Soil cover at pesticide
application

Total number of treatmen
operations

Growth regulator No

Other chemical No

product

Biological control No

product (elicitor,

pheromone...)

Irrigation No

Harvest Mid-August Operation: classic (no additional| Fuel consumption at
cost) harvest
No:1
Yield 4.9 t hd

Harvest techniques: collecting
weed seeds during harvest
operation, spot mapping of
individual weed species during
harvest operation

Fuel consumption at
harvest

Prevention of weed seed
return — less future
weed problems

Reduction potential
unknown

Catch crop after crop
5 in rotation Il

Late August

Catch crop

Suppresses weed gro

wth

in the autumn

Unknown

Wendure
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ENDURE - Deliverable DR2.16

Crop protection strategy: principle components of the proposed AS accordirthe main pest risks identified in the currenteys

for pest management, especially
containment of black grass and
other grass weeds. Total herbicid
(glyphosate) in February - April
pre-drilling or pre-emergence.

Minimise tillage and chop straw
wherever possible.

Before spring crops plough where
necessary (in November for cereq
February/March for beans) to
prepare for a spring seed-bed and
for grass weed management
especially blackgrass. Minimum
tillage before oilseed rape with
propyzamide application for black
grass control.

Broadcast OSR seed into cereal
stubble or wide row spacing of
OSR to minimise necessary tillage

e (especially black grass) control

inversion cultivation to create
seed-bed benefits grass weed

and reduces weed seed bank.

Crop diversification to reduce
pest pressure and foster diversit
of natural enemies

Conserve soil-overwintering and
epigeal invertebrate seed
predators

Grass weed control
Is,

/or

Conserve soil-overwintering and
epigeal invertebrate seed
.predators

Potential value of overwinter stubbles, weeds a
volunteers to invertebrates and birds prior to
spring beans.
Spring crops yield less but gross margin is likelype less
affected due to premiums for milling wheat or nimgjtbarley,
increased proportion of first wheats and bettet pes
y management.

Advantages of minimising tillage

Less fuel/time

Reduce C@emissions

Reduce wear of agricultural machinery

Preserve soil structure, maintain moisture

Conserve soil inhabiting natural enemies of altpes
Decrease fertiliser use by increased nutrient ngcli
Reduce soil erosion and run-off

Better control of broad-leaved weeds
Disadvantagegerennial weeds more difficult to control with
minimised tillage

Some increased need for herbicides and mollustiddyg.

AdvantagesAs for minimising tillage

sControl weeds by competition to

age ced costs & environmental impact.

Pest Scale Main crop protection tactics Aim Others impacts Estimated % TFI
Impact on pests disadvantages & advantages change compared to

an average farmer
practicing the
Current System
(CS)

WEEDS | Cropping | Introduction of spring crops and | Control of weeds: allows use of | AdvantagesSpreading workload/flexibility See individual crops

system greater taxonomic diversity of cropgotal herbicide in spring; any Boost yield of following crop

nd

See individual crops

se higher seed rates and cultivar
diversifying crop protection
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with strong competitiveness where reduce herbicide resistance

weeds are problematic

Pesticide targeting and stewardshjpEffective pest control, reduce ris

pressures

ensure effective use of pesticides| of resistance

strictly according to need

Spot mapping and targeting of
weeds

Target herbicide at weeds

Reduced resistance risk

k AdvantagesReduced costs & environmental impact.
Reduced resistance risk

AdvantagesReduced costs & environmental impact.
Reduced resistance risk

No change
(herbicide)

See individual crops

Crop:
Winter
wheat

Use higher seed rates and cultivars
with strong competitiveness where
weeds are problematic

Pesticide targeting and stewardship:

ensure effective use of pesticides
strictly according to need

Spot mapping and targeting of
weeds

-21% herbicide TFlI,
+22% fungicide TFlI
because more dense
crop is more humid

No change
(herbicide)

-10% herbicide

Crop:
Spring
wheat

Use cultivars with strong
competitiveness where weeds are
problematic.

Plough in November if necessary 1o
prepare for a spring seed-bed and
for weed management but minimise
tillage where possible.

Spot mapping and targeting of
weeds

Control weeds by competition

Target herbicide at weeds

AdvantagesReduced costs & environmental impact
Reduced resistance risk

AdvantagesReduced costs & environmental impact
Reduced resistance risk

-33% herbicide TFlI,
+17% fungicide TFlI
because more
competitive crop
more dense & humid

-15% herbicide

Crop

spring
barley

Use higher seed rates and cultivarsControl weeds by competition

with strong competitiveness where
weeds are problematic.

Plough in November if necessary 1o
prepare for a spring seed-bed and
for weed management but minimise

Spring crops yield less but gross margin is likelype less
affected (see ‘cropping system’ above)

fn

) Hagprere possible.
~ | | |\ =
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Spot mapping and targeting of
weeds

Target herbicide at weeds

-15% herbicide

field scale: beetle banks, wild
flower margins, grassy marging
hedges.

landscape scale: maintain spatial
and temporal diversity of
cropping; rotations including an
entomophilous flowering crops
(WOSR, S beans); diversity of
non-crop areas, e.g. woodland
game cover; high connectivity
of non-crop habitats to facilitate
movement of natural enemies.

1)

them with permanent habitats

, as sources alternative prey an
as refugia from which to
colonise cropped areas.

Maintain diversity and abundanc
of natural enemies in the
agricultural landscape.

Maintain large-scale connectivity
of meta-populations of natura
enemies to ensure their
survival and ability to move in
the landscape in order to
provide services in cropped
areas.

Crop: Plough in February/March if AdvantageValue of overwinter stubbles, weeds and voluntegrs
spring necessary for weed management to invertebrate s and birds.
beans and to create a seed-bed but
minimise tillage where possible. AdvantagesReduced costs & environmental impact
Reduced resistance risk
Spot mapping and targeting of Target herbicide at weeds -30% herbicide
weeds
Crop: Minimising tillage, where possible
Winter broadcasting seed into cereal
OSR stubble or drilling into wide-rows
(~50 cm)
Spot mapping and targeting of Target herbicide at weeds -10% herbicide
weeds
Harvest WOSR after swathing Eliminates the need for a desiccant -14% herbicide
INSECT |Landscape | Provide non-crop refugia and Maintain populations of natural -10% insecticide
PESTS resources for natural enemies: enemies for crops by providing

; Cropping

lntroduction of spring crops and

xonomic diversity of crof

Break “green bridge” for pests

Diverse cropping increases the

diversifying crop protection
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for pest management,

Minimising tillage where possible.

Pesticide targeting and stewardsh
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.

diversity of resources for natural| taxonomic diversity of crops reduces pest presande

enemies and their spatial and
temporal spread.

maintains greater diversity of natural enemieswéling crops
benefit invertebrate natural enemies and pollirsator

Conserve soil-overwintering and| Advantage Reduced impact on natural enemies and

epigeal natural enemies
(invertebrates, and
entomopathogens) of insect pests

environment, reduced TFI.

pControlling insect pests accordingAdvantagesConserve invertebrate biodiversity including

to economic thresholds
Optimal timing of pest control

natural enemies & pollinators, reduced TFI, reduigld of
resistance.

-10% insecticides

see individual crops
(below)

land) but minimise tillage where
possible.

Pesticide targeting and stewardsh
ensure effective use of pesticides
strictly according to need, using

conomic thresholds and decision

stems.

diversifying crop protection
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Crop: Minimising tillage especially before Conserves important soil- see cropping system
winter first wheat after OSR. overwintering natural enemies, above
wheat especially parasitoids of OSR
pests.
Use of resistant cultivars Orange wheat blossom midge -12% insecticides
resistance where available (not in
bread-making wheat in 2009)
Pesticide targeting and stewardship: -10% insecticides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
Crop: Plough if necessary for weed see cropping system
Spring management and to create a seed- above
wheat bed in spring (in autumn on heavy

-10% insecticides




ENDURE - Deliverable DR2.16

Crop: Plough if necessary for weed see cropping system
Spring management and to create a seed- above
barley bed in spring (in autumn on heavy
land) but minimise tillage where
possible.
Pesticide targeting and stewardshijp: -50% insecticides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
Crop: Minimise tillage where possible. see cropping system
Spring above
beans
Crop: Minimising tillage before and after| Minimum tillage after OSR see cropping system
Winter OSR. Where possible broadcastingconserves parasitoids of OSR above
OSR seed into cereal stubble or drilling| pests as well as epigeal predatofs. further -20%
into wide-rows (~50 cm) insecticide due to
conservation of
WOSR parasitoids
Pesticide targeting and stewardship: -75% insecticides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
DISEASE | Cropping | Introduction of spring crops and | Break “green bridge” for diseases. -10% fungicides
system greater taxonomic diversity of cropsReduce inoculums carryover from

l A ind decision support systems.

for disease management.

Pesticide targeting and stewardsh
ensure effective use of pesticides
strictly according to need, where

possible using economic thresholg

season to season. Reduces TFI

p:

Advantagereduces resistance risk

diversifying crop protection
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economic thresholds and decision
support systems.

Crop: Use of more resistant cultivars Advantagereduces TFI, specifically reliance on “azole” -10% fungicides
winter fungicides
wheat DisadvantageSome resistant cultivars yield less that non-

resistant
Crop: Use of more resistant cultivars Advantagereduces TFI, specifically reliance on “azole” -10% fungicides
Spring fungicides
wheat DisadvantageSome resistant cultivars yield less that non-

resistant
Crop: Use of more resistant cultivars Advantagereduces TFI, specifically reliance on “azole” -10% fungicides
Spring fungicides
barley DisadvantageSome resistant cultivars yield less that non-

resistant
Crop: Pesticide targeting and stewardshijp: Advantagereduces resistance risk -10% fungicides
Spring ensure effective use of pesticides
beans strictly according to need
Crop: Pesticide targeting and stewardshjp: Advantage reduces resistance risk -5% fungicides
Winter ensure effective use of pesticides
OSR strictly according to need, using

SLUGS | Cropping
System

Where slugs are a severe problem,
bale and cart straw and/or plough;

roll twice after drilling.

Pesticide targeting and stewardsh
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.

Conserving slug predators,

particularly carabid beetles and

birds by landscape management 4
rovision of overwinter stubbles

and

Advantagereduces TFlI, risk of pesticide leaching and eirtry
to water-courses

Advantagereduces TFI

-20% molluscicide

-20% molluscicide

-5% molluscicides

Wendure
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PIGEONS

Crop:
OSR

If pigeons a severe problem,
optimise sowing density/row width
to provide a “closed canopy”

Disadvantageigh humidity from a “closed canopy” can
increase disease risk
The potential advantages of wide rows are lost

Wendure
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AS
LANDSCAPE MANAGEMENT PRACTICES
Landscape Practice DEXiPM Observations
management inputs
INSECT PESTS
Field margin Provide non-crop refugia and resources for naemamies: Maintain populations of natural enemies for cropptoviding them with permanent habitats
beetle banks, wild flower margins, grassy mardiesiges. as sources alternative prey and as refugia frorstwtai colonise cropped areas.
Crop areas Maintain spatial and temporal diversity of cropping Crops are the largest part of arable landscapep. {§pe has more impact in determining

Rotations including an entomophilous crop (e.g. VDS

Inclusion of spring crops provides overwinter stigistthat
support invertebrate predators

invertebrate communities than does husbandry. Béveropping increases the diversity,
of resources offered to natural enemies and tipaitiad and temporal spread.

Oilseed rape has a very diverse invertebrate cortynand is likely to be of value to many
natural enemies as well as pollinators.

There is insufficient knowledge to determine théropl spatial or temporal arrangement of
cropping for invertebrates, or to determine thérmal field size.

Non-crop areas

Maintain or create diversity of non-crop areas, e.g
woodland and game cover;

Maintain or create high connectivity of non-croghats to
facilitate movement of natural enemies.

Maintain diversity and abundance of natural enenmédbe agricultural landscape.

Maintain large-scale connectivity of meta-populati@f natural enemies to ensure their
survival and ability to move in the landscape idesrto provide services in cropped areas.

DISEASES No clear evidence for benefits from land managerfant
diseases as yet.
WEEDS No clear evidence for benefits from land managerfant

weeds as yet.

Wendure
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Crop management practices for UK system AS

Crop Period Practice and description DEXiPM inputs (described |Impact on pests Disadvantages Comments on pesticide reduction (see
management |(decade) in detail in the attached ‘Crop protection strategy’ table above
table) for detailed listing of reductions by
crop)
CROP 5years |l - winter wheat No of crops, of late-harvest |Maximise potential to TFI of current most common crop
SEQUENCE - spring beans (or other non- |crops, crop type (winter, contain blackgrass sequence (winter wheat, winter wheat,
brassica dicot spring crop) |[spring, summer, perennial), |and other pests by winter OSR) with current crop
- winter wheat crop effect on pollinators, sojwinter breaks with no management practices : 6.2 (2006 data
- spring malting barley/spring |cover crop.
milling wheat Estimated TFI for AS crop sequences
- winter oilseed rape using current practices:
4 years |ll - winter wheat Diversification of I:  representinga % reduction
- spring beans (or other non- crops reduces pest
brassica dicot spring crop) pressure and fosters Il: representinga % reduction
- winter wheat diversity of natural
- winter oilseed rape enemies
CROPS 1 and|Weeds: contain grass weeds, especially black grass
3 in rotations I|Diseases: resistant variety, fungicide appliedt@athgs (To, T1, T2, T3 as required).
&Il Insects: Minimising tillage, use of resistant outis, pesticide targeting and stewardship
WINTER Potential pesticide reduction for this crop in tiela to current practices: 17%
WHEAT
Pre drilling Early Minimise cultivation Superficial tillage between [Maintain soil
tillage Septembe crops inhabiting beneficials
Drilling Mid-late |[Criteria for variety choice ranked |Additional seed cost of Reduced disease |Varieties not always availablg.
Septemberaccording to priority: 1) Bread- |cultivar, yield reduction due ttevel. The other criteria may
making quality, 2) yield, 3) Diseasgultivar Minimise midge compromise disease resistance
resistance rating primarily Septoria, damage.
4) resistance to orange wheat
blossom midge midge.
Sow mid September with Reduced incidence ofay increase slug problems|The 30% TFI reduction potential
insecticide-dressed seed. Avoid Barley Yellow Dwarf|on clay soils associated with the use of (improved) g
earlier sowing to reduce aphid risk. Virus and reduced dressings has probably already been
emergence of winter realised.
annual weeds
Mechanical No Superficial tillage in crops
weeding

Mineral I

Early April No of operations: 1

diversifying crop protection
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Fertilization Maintenance dressings in accordgapplications

with soil type. Total number of treatment
operations

Early April [No of operations: 1 Mineral N fertilizer

Total amount kg h& 200 N for cropapplications Total number of
1 and 180 N for crop 3 treatment operations

Organic No Organic N fertilizer
Fertilization applications Total number of
treatment operations

Molluscicide If necessary Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Herbicide August-  |Chemical weed control Pre-drilling or pre-
Septembert emergence herbicide
SeptembenChemical weed control TFI of herbicide Weed control, Optimal timing can be Preceding oilseed rape or spring dicot crop
to October Total pesticide TFI especially against |jeopardized by unfavourable|maximises black grass containment.
Pesticide mobility grass weeds weather conditions and task
Pesticide eco-toxicity prioritisation problems and
Soil cover at pesticide lack of sufficient capacity
application Increased TFI

Total number of treatment Risk of resistance
operations
April Chemical weed control TFI of herbicide Control of broad Optimal timing can be

Total pesticide TFI leaved weeds and arjgopardized by unfavourable
Pesticide mobility remaining grass weather conditions and task
Pesticide eco-toxicity weeds prioritisation problemsand
Soil cover at pesticide lack of sufficient capacity
application Increased TFI

Total number of treatment Risk of resistance
operations

Fungicide March- Chemical disease control, 2-3 TFI of fungicide Control of Septoria |Increased TFI, risk of Field assessment should determine negd.
June treatments Total pesticide TFI Rust, mildew resistance’ The TFI reduction potential associated

Pesticide mobility with field assessment has already been
Pesticide eco-toxicity realised as the optimised timing and dizse
Soil cover at pesticide already in practise.
application

*endure Page 101 of Hout e
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.4 |August I
! ’ diversifying cro|
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Total number of treatment
operations
Insecticide Mid Sow with insecticide-dressed seed Control of agphid
September transmitting BYDV
(e.g.Sitobion avenag
Late Chemical pest control required only Control of aphids Insecticide seed treatment (targeted on
October, |if aphids active 6 weeks after drilli transmitting BYDV crop) often avoids need for less targetable
early in a mild autumn because of use qf (e.g.Sitobion avenag insecticide spray.
November [treated seed and avoidance of
sowing before mid September (see
drilling above).
Mid In a warm autumn insecticide Control of aphids
October |application in accordance with DSS transmitting BYDV
advice (e.g.Sitobion avenae
May-June | Chemical pest control TFI of insecticide Control of aphids / |Increased TFI, risk of non- |Control of aphids according to field
Total pesticide TFI orange wheat target effects on beneficial |assessments and threshold. Control of
Pesticide mobility blossom midge insects, risk of resistance  |midge according to monitoring thresholds
Pesticide eco-toxicity (Sitodiplosis on pheromone traps and counts on ears.
Soil cover at pesticide mosellana Some midge-resistant varieties but not in
application bread-making wheats.
Total number of treatment
operations
Growth April Chemical control, Plant Growth  |Total pesticide TFI Decreased risk of |None N-limitations, variety choice, seed rate and
regulator Regulation Pesticide mobility lodging sowing date influence the need for PGR
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone...)
Irrigation No
Harvest End of Harvest with straw chopping and |Fuel consumption at harvest
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-

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide

endure
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|Yield 8.0 t ha | |
CROP 2in Introduction of spring crops and greater taxonodiversity of crops to reduce pest pressure aneifasversity of natural enemies.
rotations | Weeds: Maximises possibilities for containment kafsg weeds, particularly black grass.
and Il; Pests: breaking green bridge for cereal aphidsicestargeting and stewardship
SPRING Diseases: breaking green bridge
BEANS Potential pesticide reduction for this crop in tiela to current practices: 24%
Pre drilling February / [Plough cultivation if necessary to |Plough Buries weed seed, |Bad for soil-inhabiting
tillage March create a seed-bed and for weed helps control slugs |beneficials
management
Drilling March — |Criteria for variety choice ranked
April according to priority: 1) yield, 2)
quality
Mechanical No
weeding
Mineral March- No of operations: 1 Mineral P/K/S fertilizers
Fertilization  |April Maintenance dressings atcordancjapplications
with soil type. Total number of treatment
operations
Organic No
Fertilization
Molluscicide If necessary (unlikely) Total pesticide TFI control slugs
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide February- |Pre-tillage or pre-emergence TFI of herbicide control weeds
April chemical weed control (glyphosaté¢Jotal pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June | Chemical disease control TFI of fungicide
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application
Total number of treatment
operations
Insecticide April Chemical pest control TFI of insecticide Pea and bean weevil
Total pesticide TFI (Sitona lineatuk
Pesticide mobility control
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Late May, |Chemical pest control TFI of insecticide Bruchid beetle and
early June Total pesticide TFI aphid control
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Growth No
regulator
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone...)
Irrigation No
Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest
August  |spreading.
Yield c. 5t h&
CROP 3in Introduction of spring crops to reduce pest presand foster diversity of natural enemies.
rotation | Weeds: Maximises possibilities for containment izfsg weeds, particularly black grass.
SPRING Insects: breaking green bridge for cereal aphptsticide targeting and stewardship
BARLEY Diseases: breaking green bridge, resistant variety
Potential pesticide reduction for this crop irat&n to current practices: 28%
Pre drilling March- Plough cultivation if necessary for|Plough Buries weed seed, |Bad for soil-inhabiting
tillage April weed management and to create a eneficials

y en
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seed-bed
Drilling March- Criteria for variety choice ranked |Additional seed cost of Reduced disease le\Varieties not always availablg.
April according to priority: 1) yield, 2) |cultivar, yield reduction due to The other factors may
malting quality, 3) leaf scald, 4) netultivar compromise disease resistance
blotch.
Density: [Sowing density Additional seed cost of Improved crop Lodging
350400 pl| cultivar, yield reduction due toaompetiveness
m? cultivar against weeds
Mechanical No
weeding
Mineral March- No of operations: 1 Mineral P/K/S fertilizers
Fertilization  |April Maintenance dressings in accordgapplications
with soil type. Total number of treatment
operations
March- No of operations: 1 Mineral N fertilizer
April Total amount kg h& 100 N applications. Total number of
treatment operations
Organic No
Fertilization
Molluscicide If necessary (unlikely) Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide February- |Pre-tillage or pre-emergence TFI of herbicide control weeds
April chemical weed control (glyphosaté¢Jotal pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June | Chemical disease control TFI of fungicide leaf scald Increased TFI, risk of Field assessment should determine negd.
Total pesticide TFI (Rhynchosporium  [resistance The TFI reduction potential associated
Pesticide mobility secalig , net-blotch, with field assessment has already been
Pesticide eco-toxicity mildew. realised as the optimised timing and dizse

: Soil cover at pesticide already in practice.
i, endure Page 105 of &
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application
Total number of treatment
operations
Insecticide May-June | Chemical pest control TFI of insecticide Control of aphids Increased TFI, risk of non- |Control of aphids according to field
Total pesticide TFI target effects on beneficial |assessments and threshold.
Pesticide mobility insects, risk of resistance
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Growth No
regulator
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone...)
Irrigation No
Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest
August  [spreading.
Yield 5.1 t ha
CROP 3in Introduction of spring crops to reduce pest presand foster diversity of natural enemies.
rotation | Weeds: Maximises possibilities for containment kafsg weeds, particularly black grass.
SPRING Insects: breaking green bridge for cereal aphpisticide targeting and stewardship
WHEAT Diseases: breaking green bridge, resistant variety
Potential pesticide reduction for this crop iraten to current practices: 20%
Pre drilling March- Plough cultivation if necessary for|Plough Buries weed seed, |Bad for soil-inhabiting
tillage April weed management and to create a helps control slugs |beneficials
seed-bed
Drilling March- Criteria for variety choice ranked |Additional seed cost of Reduced disease le\Varieties not always availablg.
April according to priority: 1) bread- |cultivar, yield reduction due tof take-all and rust. |The other factors may
making quality, 2) yield, 3) take-allcultivar compromise disease resistance
4) rust.
Density: [Sowing density Additional seed cost of Improved crop Lodging
350-400 pl| cultivar, yield reduction due taompetiveness

-2

'endure

diversifying crop protection

|

cultivar

Page 106 of

agai eds




ENDURE - Deliverable DR2.16

Mechanical
weeding

No

Mineral
Fertilization

March-
April

No of operations: 1
Maintenance dressings in accordg
with soil type.

Mineral P/K/S fertilizers
applications

Total number of treatment
operations

March-
April

No of operations: 1
Total amount kg h& 140 N

Mineral N fertilizer
applications. Total number o
treatment operations

f

Organic
Fertilization

No

Molluscicide

If necessary (unlikely)

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations

Herbicide

February-
April

Pre-tillage or pre-emergence
chemical weed control (glyphosate

TFI of herbicide

5 otal pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

control weeds

Fungicide

May-June

Chemical disease control

TFI of fungicide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations

Rust, net-blotch,
mildew.

Increased TFI, risk of
resistance

Field assessment should determine ne¢g
The TFI reduction potential associated

with field assessment has already been
realised as the optimised timing and dis
already in practice.

e

Insecticide

May-June

Chemical pest control

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide

application

Control of orange

Increased TFI, risk of non-

wheat blossom midgearget effects on beneficial

insects, risk of resistance

Control of aphids according to field
assessments and threshold. Control of
midge according to monitoring threshold

on pheromone traps and counts on ears.

*,

endure
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Total number of treatment
operations

according to priority: 1) yield, 2)
Disease resistance rating (Phoma
Light leaf spot), 3) seed price

cultivar, yield reduction due
cultivar

o

Growth No
regulator
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone...)
Irrigation No
Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest
August  |spreading.
Yield c. 5.5 t hd
CROP 4 in Weeds: autumn/spring herbicide necessary
rotations | Diseases: chemical control, resistant varietiesiesBSS information available
and Il and Insects: Minimising tillage before and after OSRdevrows (~50 cm), pesticide targeting and stewspds
Crop 3in Reduced herbicide TFI
rotation IlI: Potential pesticide reduction for this crop in tiela to current practices: 36%
WINTER
OILSEED
RAPE
Drilling mid-August|Criteria for variety choice ranked |Additional seed cost of Good information on diseasg

resistance from CEL
recommended lists

-

mid-August|Minimise tillage, broadcast seed

wall')féiler tines

diversifying crop protection

into cereal stubble or drill into
wide-rows (~50 cm) behind

Minimum tillage between
crops
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Dray

mid-August|Density: 25 - 50 plants ™ Sowing density
mid-August|Insecticide and fungicide seed Control flea beetles Reduced need for autumn insecticide sj
dressing for 6 weeks
Mineral Mid March | No of operations: 1 Mineral P/K/S fertilizers
Fertilization Maintenance dressings in applications
accordance with soil type. Total number of treatment
operations
Mid- No of operations: 1-2 Mineral N fertilizer
September |Total amount kg h& 180 N applications Total number of]
Mid-March treatment operations
Organic No Organic N fertilizer
Fertilization applications Total number of
treatment operations
Molluscicide |September-If necessary. Total pesticide TFI Depends on levels in field, assessed by,
October Pesticide mobility scouting. Often requires more than one|
Pesticide eco-toxicity treatment
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide Pre- Chemical weed control TFI of herbicide Grass weeds, Increased TFI Field assessment determines the need.
emergence Total pesticide TFI mayweed, cleavers |Risk of resistance
(August- Pesticide mobility
September Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Spring Chemical weed control Grass weed contrpl
according to need
Fungicide October - |Chemical phoma control (against|TFI of fungicide Phoma, Light leaf |Increased TFI, risk of
December |Phoma lingamin south of UK, Total pesticide TFI spot resistance
Pyrenopeziza brassicae north of |Pesticide mobility
UK), 1-2 treatments Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Chemical disease control Increased TFI, risk of Simple foresttem now available,

wend

Ure
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Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

(Sclerotinia
sclerotium)

resistance

reductions can be made during non-
epidemic years (20 — 50% reduction)

Insecticide

September Possible chemical pest control

December

TFI of insecticide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Adult cabbage stem
flea beetle
(Psylliodes
chrysocepthalp

Increased TFI, risk of non-
target effects on beneficial
insects, risk of resistance

According to threshold (September to

October: leaf damage or adults in water
traps; November to December: larvae i
plants)

April Possible chemical pest control

(green to
yellow bud
stage)

TFI of insecticide
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations

Pollen beetle
(Meligethes aenelis

Increased TFl, risk of non-
target effects on beneficial
insects, risk of resistance

Only if field threshold surpassed

May Possible chemical pest control

TFI of insedgci
Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations

Cabbage seed weevilncreased TFI, risk of non-

(Ceutorhynchus
assimilig & Brassica
pod midge
(Dasineura
brassica¢

target effects on beneficial
insects, risk of resistance
especially in pollen beetles

Only if field threshold surpassed

Growth
regulator

No

Other
chemical
product

No

Biological
control
product
(elicitor, _ »

No

Total number of treatment
operations

wenadure
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pheromone...)

Irrigation No Irrigation

Harvest Mid July  |Harvest with straw chopping and|Fuel consumption at harvest Fuel savings
spreading.

GPS controlled combine
Expected yield: 3.4 t ha

endure Page 111 of Ik (?-’
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UK I1S1-systems (differences from AS are written irbold)

iverable DR2.16

Crop protection strategy: principle components of the proposed IS1 accorttirtpe main pest risks identified in the currergteyn

crg) to_minimise necessary tillage,
diversifying crop protection

proportion in the rotation) and
greater taxonomic diversity of crops
or fallow for pest management,
especially containment of black gra:
and other grass weeds. For spring
crops, herbicide in March/April pre-
drilling.

Consider fallow if grass weeds a
severe problem and apply
herbicide in March/April and July-
September.

Minimise tillage and chop straw
wherever possible.

Before spring crops plough where
necessary (in November for cereals
February/March for beans) to prepa
for a spring seed-bed and/or for gra|
weed management especially
blackgrass. @tion of cultivation of
fallow in May if grass weeds a
severe problemMinimum tillage
before oilseed rape with propyzamig
application for black grass control.

Drilling OSR into wide-rows (~50

and summer, any inversion
cultivation to create seed-
bed for spring crop benefits
sgrass weed (especially blac
grass) control and reduces
weed seed bank.

Conserve soil-overwintering
and epigeal invertebrate se
predators

re

e

Conserve soil-overwintering

Potential value of overwinter

stubbles, weeds and voluntee

to invertebrates and birds prig

to spring beanand in fallow.
Spring crops yield less but gross margin ig
likely to be less affected due to premiums|
for milling wheat or malting barley,
increased proportion of first wheats and
better pest managemeNn income from
fallow but long term benefit for black
grass control.

k

AdvantagesLess fuel/time

pdReduce C@emissions

Reduce wear of agricultural machinery
Preserve soil structure, maintain moisture
Conserve soil inhabiting natural enemies (¢
all pests
Decrease fertiliser use by increased nutrie
cycling

Reduce soil erosion and run-off
Disadvantagesperennial weeds more
difficult to control

Some increased need for herbicides and
molluscides likely.

Advantages As for mimising tillage and
ed

Is

=

and epigeal invertebrate se

Pest Scale Main crop protection tactics Aim Others impacts AS: IS1: Estimated %
Impact on pests disadvantages & advantages Estimated % TFI TFI change
change compared to § compared to an
average farmer average farmer
practicing the Current| practicing the
System (CS) Current System
(CS)
WEEDS |Cropping | Introduction of spring crops Control of weeds: allows useAdvantagesSpreading workload/flexibility | See individual crops | See individual crops
system (optionally increasing their of total herbicide in spring Boost yield of following crop

See individual crops

H%riem placement to
Page 112 of g7
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enable inter-row weed
management (mechanical weeding
where herbicide resistance is a
problem, or targeted herbicide)
and enable targeted applications of
other pesticides and nutrients.

Use higher seed rates and cultivars
with strong competitiveness where
weeds are problematic

Pesticide targeting and stewardship;:

ensure effective use of pesticides
strictly according to need

Spot mapping and targeting of weeq

GPS - controlled traffic system

GPS - controlled pesticide
applications

predators

Nutrient placement avoids
fertilising weeds
Mechanical weeding
reduces herbicide
resistance pressures

Control weeds by

competition

Effective pest control,
reduce risk of resistance

IsTarget herbicide at weeds

target crop plants and reduce
leaching risk.
Reduced pesticide TFI
Disadvantage high fuel and labour costs
of mechanical weeding.

AdvantagesReduced costs & environmentaBee individual crops

impact
Reduced resistance risk

AdvantagesReduced costs & environmental

impact

AdvantagesReduced costs & environmental

impact
Reduced resistance risk

Advantages Substantial fuel/herbicide
savings Less soil compaction
Less crop damage

Advantage reduces TFI

See individual crops

No change
(herbicide)

See individual crops

-5% herbicide

)
)
)
)
)

Plough in November if necessary to

pregpare for a spring seed-bed and for

gdgpp@.0ement but minimise
|V | |\ =3

diversifying crop protection
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competitive crop
more dense & humid

Crop: Use higher seed rates and cultivars| Control weeds by AdvantagesReduced costs & environmental21% herbicide, -21% herbicide TFI,
winter with strong competitiveness where | competition impact +22% fungicide +22% fungicide TFI
wheat weeds are problematic Reduced resistance risk because closed because more dense
canopy more humid | crop is more humid
Spot mapping and targeting of weeds AdvantagesReduced costs & environmentat10% herbicide -10% herbicide
impact
Reduced resistance risk
Crop: Use cultivars with strong Control weeds by AdvantagesReduced costs & environmentat33% herbicide TFI, | -33% herbicide TFI,
spring competitiveness where weeds are | competition impact +17% fungicide TFI | +17% fungicide TFI
wheat problematic Reduced resistance risk because more because more

competitive crop
more dense & humid

Uy
N
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tillage where possible.

Spot mapping and targeting of weedsTarget herbicide at weeds

AdvantagesReduced costs & environmentat15% herbicide

impact
Reduced resistance risk

-15% herbicide

Crop:

spring
barley

Use higher seed rates and cultivars
with strong competitiveness where
weeds are problematic

Plough in November if necessary to
prepare for a spring seed-bed and fi
weed management but minimise
tillage where possible.

Control weeds by
competition

Spot mapping and targeting of weedsTarget herbicide at weeds

AdvantagesReduced costs & environmentaB3% herbicide TFI,

impact
Reduced resistance risk

+17% fungicide TFI
because more
competitive crop
more dense & humid

AdvantagesReduced costs & environmentat15% herbicide

impact
Reduced resistance risk

-33% herbicide TFI,
+17% fungicide TFI
because more
competitive crop
more dense & humid

-15% herbicide

Crop:
Spring
beans

Plough in February/March if
necessary for weed management a
to create a seed-bed but minimise
tillage where possible.

hd

Spot mapping and targeting of weedsTarget herbicide at weeds

Advantagepverwinter stubbles of value to
invertebrates and birds

AdvantagesReduced costs & environmentat30% herbicide

impact
Reduced resistance risk

-30% herbicide

Crop:
Winter
OSR

[ cement
diversifying crop protection

Drilling into wide-rows (~50 cm)to
minimise necessary tillagenable
inter-row weed management
(mechanical weeding where
herbicide resistance is a problem,
or targeted herbicide using band-
spraying) and enable targeted
applications of insecticides and
fungicides and nutrients.

Spot mapping and targeting of weeq

IsTarget herbicide at weeds

Target nutrient at crop

re ﬁrganic nutrient

Advj

-10% herbicide

-9% herbicide

-10% herbicide
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Harvest WOSR after swathing

Use cultivars that are resistant to
pod shattering and ripen evenly

plants and avoid fertilising
weeds

input

Eliminates the need for a desiccant

Advantage: timing of harvest easier, less

risk of seed loss, less likely to need
desiccant

-14% herbicide

-14% herbicide

Crop:
Fallow

Chemical and if necessary
mechanical control of competitive

grass weeds, especially black grass:

overwinter in stubble to allow weed
seed germination; two total
herbicides in March/April and
July-September; option of possible
cultivation in May if grass weeds
severe; minimise tillage before
following crop.

Spot mapping and targeting of
weeds

Target herbicide at weeds

Disadvantages:herbicides reduce

potential value of fallow to invertebrate

natural enemies and cultivation is
detrimental to epigeal predators.

-15% herbicide

INSECT
PESTS

\ LIrpD
Qed i IdUIU

Landscape

Provide non-crop refugia and

resources for natural enemies:

field scale: beetle banks, wild flowe
margins, grassy margins, hedge

landscape scale: maintain spatial af
temporal diversity of cropping;
rotations including an
entomophilous flowering crops
(WOSR, S beans); diversity of
non-crop areas, e.g. woodland,
game cover; high connectivity of
non-crop habitats to facilitate
movement of natural enemies.

12}

nd

Maintain populations of
natural enemies for crops

Maintain diversity and

Maintain large-scale

by providing them with
permanent habitats as
sources alternative prey
and as refugia from
which to colonise
cropped areas.

abundance of natural
enemies in the
agricultural landscape.

connectivity of meta-
populations of natural
enemies to ensure their
survival and ability to
move in the landscape in

-10% insecticide

iversifying crop protection
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order to provide services
in cropped areas.

Cropping
system

Introduction of spring crops, greater
taxonomic diversity of cropand/or
fallow for pest management.

Minimising tillage where possible.

Pesticide targeting and stewardship;;

ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.

GPS - controlled traffic system

GPS - controlled pesticide
applications

Break “green bridge” for
pests.

Diverse cropping increases
the diversity of resources fo
natural enemies and their

spatial and temporal spread.

Conserve soil-overwintering
and epigeal natural enemie
(invertebrates, and
entomopathogens) of insec
pests

Controlling insect pests
according to economic
thresholds

Optimal timing of pest
control

Potential value over winter of stubbles,
weeds and volunteers to invertebrates an
birds

Advantage Reduced impact on natural

enemies and environment, reduced TF

AdvantagesConserve invertebrate
biodiversity including natural enemies
& pollinators, reduced TFI, reduced ris
of resistance

Advantages Reduced costs,
environmental impact and TFI

Advantages Substantial fuel/insecticide
savings Less soil compaction
Less crop damage

-5% insecticides
d

-10% insecticides

see individual crops
(below)
k

-5% insecticides

-10% insecticides

see individual crops
(below)

-5% insecticide

)
)
)
)
)

Crop:
winter
wheat

Minimising tillage especially before
first wheat after OSR.

Use of resistant cultivars

Pesticide targeting and stewardship;:

ensure effective use of pesticides
stgctly according to need, using

nggrehresholds and decision

Conserves important soil-
overwintering natural
enemies, especially
parasitoids of OSR pests.

Orange wheat blossom
midge resistanc@ll
qualities of wheat)

see cropping system
above

-12% insecticides

-10% insecticides

see cropping system
above

-25% insecticides

-10% insecticides

(¥ | | 3

diversifying crop protection
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s 4
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support systems.
Crop: Plough if necessary for weed see cropping system| see cropping system
spring management and to create a seed-bed above above
wheat in spring (in autumn on heavy land)
but minimise tillage where possible.
Use of resistant cultivars Orange wheat blossom -65% insecticides
midge resistance
Pesticide targeting and stewardship;: -10% insecticides -10% insecticides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
Crop: Plough if necessary for weed see cropping system| see cropping system
spring management and to create a seed-bed above above
barley in spring (in autumn on heavy land)
but minimise tillage where possible.
Pesticide targeting and stewardship;: -50% insecticides -50% insecticides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
Crop: Minimise tillage where possible. see cropping system| see cropping system
Spring above above
beans
Pesticide targeting and Advantage reduces resistance risk -45% insecticide
stewardship: ensure effective use of
pesticides strictly according to need
Crop: Drilling into wide-rows (~50 cm)to | Minimum tillage after OSR | Advantage reduces TFI see cropping system| see cropping system
Winter minimise necessary tillagand conserves parasitoids of above above
OSR enable targeted applications of OSR pests as well as epigeal further -20% further -20%
autumn insecticides. predators. insecticide due to insecticide due to
conservation of conservation of
WOSR parasitoids | WOSR parasitoids




ENDURE - Deliverable DR2.16

Pesticide targeting and stewardship;:

ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.

Sow border trap crop for control of
pollen beetles and other insect pest

Reduce pest invasion of
smain crop

Advantage: allow targeting of insecticides
to trap crop only, reducing TFIl and
conserving beneficial insects.

-75% insecticides

-75% insecticides

-18% insecticides

Crop: Breaking green bridge for cereal
Fallow aphids.
Minimise tillage: option of possible | Conserving generalist Advantage: support overwintering bird
cultivation in May if grass weeds epigeal predators of pests, | populations by provision of overwinter
severe. particularly carabid stubbles
beetles and spiders, by
provision of overwinter
stubbles with undisturbed
soil.
DISEASE |Cropping | Introduction of spring crops Break “green bridge” for Spring crops yield less but gross margin ig -10% fungicides -15% fungicides
system (optionally increasing their diseases. likely to be less affected (see

proportion in the rotation) and
greater taxonomic diversity of cropg
or fallow for pest management.

Pesticide targeting and stewardship;;

ensure effective use of pesticides
strictly according to need, where
possible using economic thresholds
and decision support systems.

GPS - controlled traffic system

GPS - controlled pesticide

Reduce inoculums carryove
from season to season.
Reduces TFI

lications

r‘Weeds/cropping system’ above)

Advantagesreduced resistance risk

Advantages Substantial fuel/fungicide
savings Less soil compaction
Less crop damage

Advantage reduces TFI

See individual crops
below

-5% fungicides

)
)
)
)
)

Wendure
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Crop: Use of more resistant cultivars Advantagereduces TFI, specifically -10% fungicides -20% fungicides
winter reliance on “azole” fungicides
wheat DisadvantageSome resistant cultivars yiel
less than non-resistant cultivars.
Crop: Use of more resistant cultivars Advantagereduces TFI, specifically -10% fungicides -20% fungicides
spring reliance on “azole” fungicides
wheat DisadvantageSome resistant cultivars yiel
less that non-resistant
Crop: Use of more resistant cultivars Advantagereduces TFI, specifically -10% fungicides -20% fungicides
spring reliance on “azole” fungicides
barley DisadvantageSome resistant cultivars yiel
less that non-resistant
Crop: Pesticide targeting and stewardship;: Advantagereduces resistance risk -10% fungicides -10% fungicides
Spring ensure effective use of pesticides
beans strictly according to need
Crop: Use of multi-resistant cultivars, Advantage reduces TFI and reliance on - 50% fungicides
Winter especially for control of Phoma and limited chemistry
OSR light leaf spot. Disadvantage Some resistant cultivars
don't yield as highly as conventional.
Pesticide targeting and stewardship;: Advantagereduces resistance risk -5% fungicides -20% fungicides
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.
Targeting of autumn fungicides to | Targets fungicides onto Advantage reduces TFI -30% fungicides
plants in rows pathogens on plants
Crop: Breaking green bridge for diseases
Fallow
SLUGS |Cropping | Where slugs are a severe problem, Advantagereduces TFI, risk of pesticide | -20% molluscicide -20% molluscicide
System bale and cart straw and/or plough; leaching and entry in to water-courses
roll twice after drilling.

+ -

wWendure
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Pesticide targeting and stewardship;: Advantagereduces TFlI -20% molluscicide -20% molluscicide
ensure effective use of pesticides
strictly according to need, using
economic thresholds and decision
support systems.

GPS - controlled traffic system Advantages Substantial fuel/molluscicide -3% molluscicide
savings. Reduces TFI. Less soil
compaction. Less crop damage

Conserving slug predators, -5% molluscicides -5% molluscicides
particularly carabid beetles and birds (-10% molluscides in
by landscape management and rotations with fallow)
provision of overwinter stubblesnd
fallow fields.
PIGEONS| Crops: If pigeons a severe problem, optimise Disadvantagedigh humidity from a

OSR sowing density/row width to provide “closed canopy” can increase disease risk|

a “closed canopy” The potential advantages of wide rows are
lost

) e S
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LANDSCAPE MANAGEMENT PRACTICES for UK system IS1 (C hanges from AS in bold)

Landscape
management

Practice

DEXiPM
inputs

Observations

INSECT PESTS

Field margin Provide non-crop refugia and resources for naemamies: Maintain populations of natural enemies for cropphoviding them with permanent habitats
beetle banks, wild flower margins, grassy mardiesiges. as sources of alternative prey and as refugia frhich to colonise cropped areas.
Contour beetle banks on sloping fields to controlail Dual role for beetle banks
erosion
Trap crop of early-flowering brassica around edge b To concentrate pests, particularly pollen beetlest the edge of the crop and protect the
WOSR crop main crop from pollen beetle immigration at the vuherable green-yellow bud stage. To
enable any necessary insecticide treatment to beagjally targeted to the crop margin,
reducing TFI and non-target impacts.
Crop areas Maintain spatial and temporal diversity of cropping Crops are the largest part of arable landscapep. gpe has more impact in determining

Rotations including an entomophilous crop (e.g. VDS

invertebrate communities than does husbandry. Béveropping increases the diversity,
of resources offered to natural enemies and tipaitiad and temporal spread.

Oilseed rape has a very diverse invertebrate coritynand is likely to be of value to many
natural enemies as well as pollinators.

There is insufficient knowledge to determine théropl spatial or temporal arrangement of
cropping for invertebrates, or to determine theroal field size.

Non-crop areas

Maintain or create diversity of non-crop areas, e.g
woodland and game cover;

Maintain or create high connectivity of non-crofbhats to
facilitate movement of natural enemies.

Maintain diversity and abundance of natural enenmédbe agricultural landscape.

Maintain large-scale connectivity of meta-populati@f natural enemies to ensure their
survival and ability to move in the landscape idesrto provide services in cropped areas.

DISEASES No clear evidence for benefits from land managerfant
diseases as yet.
WEEDS No clear evidence for benefits from land managerfeant

weeds as yet.

Wendure

diversifying crop protection
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management practices for UK system IS1 (Changdrom AS in bold)

Crop Period Practice and description DEXiPM inputs (described |Impact on pests Disadvantages Comments on pesticide reduction (see
management|(decade) in detail in the attached ‘Crop protection strategy’ table above
table) for detailed listing of reductions by
crop)
CROP 5 years Il - winter wheat No of crops, of late-harvest |Maximise potential to TFI of current most common crop
SEQUENCE - spring beans (or other non- |crops, crop type (winter, contain blackgrass sequence (winter wheat, winter wheat,
brassica dicot spring crop) |spring, summer, perennial), |and other pests by winter OSR) with current crop
- winter wheat crop effect on pollinators, solvinter breaks with no management practices : 6.2 (2006 data
- spring malting barley/spring |cover cropor annual
milling wheat/fallow fallow. Estimated TFI for 1S1 crop sequences
- winter oilseed rape using current practices:
4years |IV -winter wheat Diversification of lll:  representinga % reduction
- spring beans (or other non- crops reduces pest
brassica dicot spring crop) pressure and fosters IV: representinga % reduction
- spring malting barley/spring diversity of natural
milling wheat / fallow enemies
- winter oilseed rape
CROPS 1 |Weeds: contain grass weeds, especially black grass
and 3in Diseases: resistant variety, fungicide appliedt@athgs (To, T1, T2, T3 as required).
rotation Ill  |Insects: Minimising tillage, use of resistant oafis, pesticide targeting and stewardship
CROP 1in |Potential pesticide reduction for this crop in tiela to current practices: 27%
rotation IV
WINTER
WHEAT
Pre drilling  |Early Minimise cultivation Superficial tillage between |Maintain soil
tillage September crops inhabiting beneficials
Drilling Mid-late |Criteria for variety choice ranked |Additional seed cost of Reduced disease |Varieties not always available.
Septemberaccording to priority: 1) Bread- cultivar, yield reduction due téevel. The other criteria may

! diversifying crop protection

making quality, 2) yield, 3) Disease
resistance rating primarily Septorial
4) resistancéo orange wheat blossg
midge midge.

cultivar

Minimise midge
damage.

compromise disease resistance

Sow mid September with insecticid
dressed seed. Avoid earlier sowing
reduce aphid risk.

e_

Reduced incidence d
Barley Yellow Dwarf
Virus and reduced

May increase slug problems
clay soils

em
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annual weeds

rop

Total pesticide TFI

renaure

diversifying crop protection
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Mechanical No Superficial tillage in crops
weeding
Mineral Early April [No of operations: 1 Mineral P/K/S fertilizers
Fertilization Maintenance dressings in accordamagplications
with soil type. Total number of treatment
operations
Early April [No of operations: 1 Mineral N fertilizer
Total amount kg h& 200 N for crop|applications Total number of]
1 and 180 N for crop 3 treatment operations
Organic no Organic N fertilizer
Fertilization applications, Total number of
treatment operations
Molluscicide If necessary Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide August- |Chemical weed control Pre-drilling or pre-
September emergence herbicide
SeptemberChemical weed control TFI of herbicide Weed control, Optimal timing can be Preceding oilseed rape or spring dicot ¢
to October Total pesticide TFI especially against |jeopardized by unfavourable|maximises black grass containment.
Pesticide mobility grass weeds weather conditions and task
Pesticide eco-toxicity prioritisation problems and
Soil cover at pesticide lack of sufficient capacity
application Increased TFI
Total number of treatment Risk of resistance
operations
April Chemical weed control TFI of herbicide Control of broad Optimal timing can be
Total pesticide TFI leaved weeds and amgopardized by unfavourable
Pesticide mobility remaining grass weather conditions and task
Pesticide eco-toxicity weeds prioritisation problemand lack
Soil cover at pesticide of sufficient capacity
application Increased TFI
Total number of treatment Risk of resistance
operations
Fungicide March- Chemical disease control, 2-3 TFI of fungicide Control of Septoria |Increased TFI, risk of Field assessment should determine neg

d.

The TFI reduction potential associated

RuWesistance
= 5
=
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e
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Pesticide mobility with field assessment has already been
Pesticide eco-toxicity realised as the optimised timing and di
Soil cover at pesticide already in practise
application
Total number of treatment
operations
Insecticide |Mid Sow with insecticide-dressed seed Control of aphid
September transmitting BYDV
(e.g.Sitobion avenae
Early Chemical pest control required only Control of aphids Insecticide seed treatment (targeted on
October |aphids active 6 weeks after drilling fin transmitting BYDV crop) often avoids need for less targetal
a mild autumn because of use of (e.g.Sitobion avenae insecticide spray.
treated seed and avoidance of sowing
before mid September (see drilling
above).
May-June | Chemical pest control TFI of insecticide Control of aphids / |Increased TFI, risk of non- [Control of aphids according to forecasts
Total pesticide TFI orange wheat blossqgtarget effects on beneficial |and field assessments.
Pesticide mobility midge Sitodiplosis |insects, risk of resistance  |Control of midge according to monitorin
Pesticide eco-toxicity mosellana thresholds on pheromone traps and coy
Soil cover at pesticide on ears. Midge-resistant wheat varieties.
application
Total number of treatment
operations
Growth April Chemical control, Plant Growth Total pesticide TFI Decreased risk of  |None N-limitations, variety choice, seed rate
regulator Regulation Pesticide mobility lodging sowing date influence the need for PGR
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone..)
Irrigation No
Harvest End of arvest with straw chopping and Fuel condionmat harvest

nts

and
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Total pesticide TFI
Pesticide mobility

Pesticide eco-toxicity

enaure

diversifying crop protection
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August spreading.
Yield 8.0 t ha
CROP 2in |(Introduction of spring crops and greater taxonodiversity of crops to reduce pest pressure artefasversity of natural enemies.
rotations |  |Weeds: Maximises possibilities for containment izfsg weeds, particularly black grass.
and Il Pests: breaking green bridge for cereal aphidsicmestargeting and stewardship
SPRING Diseases: breaking green bridge
BEANS Potential pesticide reduction for this crop in tiela to current practices: 41%
Pre drilling |February /|Plough cultivation if necessary to |Plough Buries weed seed, |Bad for soil-inhabiting
tillage March create a seed-bed and for weed helps control slugs |beneficials
management
Drilling March — |Criteria for variety choice ranked
April according to priority: 1) yield, 2)
quality
Mechanical No
weeding
Mineral March- No of operations: 1 Mineral P/K/S fertilizers
Fertilization |April Maintenance dressings in accordanapplications
with soil type. Total number of treatment
operations
Organic No
Fertilization
Molluscicide If necessary (unlikely) Total pesticide TFI control slugs
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide February- |Pre-tillage or pre-emergenchamica| TFI of herbicide control weeds
April weed control (glyphosate) Total pesticide TFlI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June | Chemical disease control TFI of fungicide
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Soil cover at pesticide

e

application
Total number of treatment
operations
Insecticide |April Chemical pest control TFI of insecticide Pea and bean weevi Field assessment, spraying according t(
Total pesticide TFI (Sitona lineatuk need
Pesticide mobility control
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Late May, |Chemical pest control TFI of insecticide Bruchid beetle and Field assessment, spraying according t(
early June Total pesticide TFlI aphid control need
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Growth No
regulator
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone..)
Irrigation No
Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest
August  |spreading.
Yield c. 5t h&
OPTIONAL (Introduction of spring crops to reduce pest presand foster diversity of natural enemies.
crop 4 in Weeds: Maximises possibilities for containment izfsg weeds, particularly black grass.
rotation Ill  |Insects: breaking green bridge for cereal aphpisticide targeting and stewardship
or crop 3in |Diseases: breaking green bridge, resistant variety
rotation IV Potential pesticide reduction for this crop irati&n to current practices: 37%
SPRING

enaure

diversifying crop protection
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BARLEY
Pre drilling |March- Plough cultivation if necessary for |Plough Buries weed seed, |Bad for soil-inhabiting
tillage April weed management and to create a helps control slugs |beneficials
seed-bed
Drilling March- Criteria for variety choice ranked [Additional seed cost of Reduced disease le\Varieties not always availablg.
April according to priority: 1) yield, 2) |cultivar, yield reduction due fo The other factors may
malting quality, 3) leaf scald, 4) netcultivar compromise disease resistance
blotch.
Density: |Sowing density Additional seed cost of Improved crop Lodging
350400 pl| cultivar, yield reduction due teompetiveness
m? cultivar against weeds
Mechanical No
weeding
Mineral March- No of operations: 1 Mineral P/K/S fertilizers
Fertilization |April Maintenance dressings in accordanapplications
with soil type. Total number of treatment
operations
March- No of operations: 1 Mineral N fertilizer
April Total amount kg h& 100 N applications. Total number of
treatment operations
Organic No
Fertilization
Molluscicide If necessary (unlikely) Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide February- |Pre-tillage or pre-emergenchkeamical TFI of herbicide control weeds
April weed control (glyphosate) Total pesticide TFlI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June | Chemical disease control TFI of fungicide leaf scald Increased TFI, risk of Field assessment should determine neg

ﬂ

Total pesticide TFI

enaure
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Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide

secalig , net-blotch,
mildew.

with field assessment has already been
realised as the optimised timing and di
already in practice.

e

application
Total number of treatment
operations

Insecticide |May-June | Chemical pest control TFI of insecticide Control of aphids Increased TFI, risk of non- [Control of aphids according to field
Total pesticide TFI target effects on beneficial |assessments and threshold.
Pesticide mobility insects, risk of resistance
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations

Growth No

regulator

Other No

chemical

product

Biological No

control

product

(elicitor,

pheromone..)

Irrigation No

Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest

August  |spreading.
Yield 5.1 t ha

OPTIONAL (Introduction of spring crops to reduce pest presand foster diversity of natural enemies.

crop 4 in Weeds: Maximises possibilities for containment kafsg weeds, particularly black grass.

rotation Ill  |Insects: breaking green bridge for cereal aphpisticide targeting and stewardship

or crop 3in |Diseases: breaking green bridge, resistant variety

rotation IV Potential pesticide reduction for this crop irati&n to current practices: 33%

SPRING

WHEAT

Pre drilling |March- Plough cultivation if necessary for |Plough Buries weed seed, |Bad for soil-inhabiting

tillage April weed management and to create a helps control slugs |beneficials

seed-bed
Drilling March- Criteria for variety choice ranked |Additional seed cost of Reduced disease le\Varieties not always availablg.

cultivar, yield reduction due fof t

renau

| . 4April rccording to priority: 1) bread-

diversifying crop protection
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making quality, 2) yield, 3) take-all,
4) rust, 5) orange wheat blossom
midge.

cultivar

Minimise midge
damage.

compromise disease resistance

Density: |Sowing density Additional seed cost of Improved crop Lodging
350-400 pl| cultivar, yield reduction due teompetiveness
m? cultivar against weeds
Mechanical No
weeding
Mineral March- No of operations: 1 Mineral P/K/S fertilizers
Fertilization |April Maintenance dressings in accordanapplications
with soil type. Total number of treatment
operations
March- No of operations: 1 Mineral N fertilizer
April Total amount kg h& 140 N applications. Total number of
treatment operations
Organic No
Fertilization
Molluscicide If necessary (unlikely) Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Herbicide February- |Pre-tillage or pre-emergenckeamical TFI of herbicide control weeds
April weed control (glyphosate) Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
Fungicide May-June | Chemical disease control TFI of fungicide Rust, net-blotch, Increased TFI, risk of Field assessment should determine neg

ﬂ

Total pesticide TFI
Pesticide mobility

Pesticide eco-toxicity

mildew.

enaure

diversifying crop protection
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Soil cover at pesticide

already in practice.

ﬂ

Soil cover at pesticide
application
Total number of treatment

operations

enaure

diversifying crop protection
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application
Total number of treatment
operations
Insecticide |May-June | Chemical pest control TFI of insecticide Control of aphids. Increased TFI, risk of non- |Resistant varieties against orange wheg
Total pesticide TFI target effects on beneficial |blossom midge Control of aphids
Pesticide mobility insects, risk of resistance  |according to field assessments and
Pesticide eco-toxicity threshold.
Soil cover at pesticide
application
Total number of treatment
operations
Growth No
regulator
Other No
chemical
product
Biological No
control
product
(elicitor,
pheromone..)
Irrigation No
Harvest Mid- Harvest with straw chopping and |Fuel consumption at harvest
August  |spreading.
Yield ¢. 5.5 t hd
OPTIONAL |Weeds: Maximises possibilities for containment iafsg weeds, particularly black grass
crop 4 in Pests: breaking green bridge for cereal aphids
rotation Ill, |Diseases: breaking green bridge
crop 3in Nutrition: application of micro-nutrients using sage sludge or chicken manure
rotation IV: |Potential pesticide reduction in relation to cutreractices: 15%
FALLOW
Herbicide March/ Chemical weed control TFI of herbicide Weed control,
April Total pesticide TFI especially against
and Pesticide mobility grass weeds
June/July Pesticide eco-toxicity

—
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ray

Cultivation  |May Inversion cultivation if grass weedsTillage type (inversion) Weed control,
are a problem Total number of treatment |especially against
operations grass weeds
CROP 4in |Weeds: autumn/spring herbicide necessary, poas&bifor mechanical weeding,
rotations |  |Diseases: chemical control, resistant varietiesiesDSS information available
and Il and [Insects: Minimising tillage before and after OSRjevrows (~50 cm), pesticide targeting and stewdpd$rap cropping
Crop 3in Reduced herbicide TFI
rotation Ill:  |Potential pesticide reduction for this crop in tiela to current practices: 59%
WINTER
OILSEED
RAPE
Drilling mid- Criteria for variety choice ranked |Additional seed cost of Good information on diseasg
August  |according to priority: 1) yield, 2) |cultivar, yield reduction due to resistance from CEL
Disease resistance rating (Phoma, |cultivar recommended lists
Light leaf spot), 3) seed price
mid- Drill into wide-rows (~50 cm) behingMinimum tillage between
August  |subsoiler tines crops
to enable mechanical weeding,
targeted pesticides and nutrient
placement
mid- Density: 25 - 50 plants ™ Sowing density
August
mid- Insecticide and fungicide seed Control flea beetles Reduced need for autumn insecticide sj
August  |dressing for 6 weeks
Inter-row Mid- Inter-row weed management Superficial tillage in crops | Weed control in Availability of machinery,
weed September(mechanical weeding where general. May reducelow capacity, weather
management herbicide resistance is a problem, slug incidence dependency. Insufficient
or targeted herbicide using band- effect against high levels of
spraying) volunteers and grass weeds
in the rows
Mineral Mid March|No of operations: 1 Mineral P/K/S fertilizers
Fertilization Maintenance dressings in accordanapplications
with soil type. Total number of treatment
operations
Mid- No of operations: 1-2 Mineral N fertilizer
September Total amount kg H& 180 N applications Total number of]
/ Mid- treatment operations
March

Organic N fertilizer

enaure

diversifying crop protection
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Fertilization

applications Total number of]

treatment operations

Molluscicide

September
October

H necessary.

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Depends on levels in field, assessed by,
scouting. Often requires more than one|
treatment

Herbicide

Pre-
emergence
(August-
September

Chemical weed control

TFI of herbicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Grass weeds,

mayweed, cleavers

Increased TFI
Risk of resistance

Field assessment determines the need.

Spring

Chemical weed control

Grass weed contr
according to need

o]

Fungicide

October -
December

Chemical phoma control (against
Phoma lingamin south of UK,
Pyrenopeziza brassicae north of

UK), 1-2 treatments

TFI of fungicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Phoma, Light leaf

spot

Increased TFl, risk of
resistance

April -
May

Chemical disease control

TFI of fungicide

Total pesticide TFI
Pesticide mobility
Pesticide eco-toxicity

Soil cover at pesticide
application

Total number of treatment
operations

Sclerotinia stem rot

(Sclerotinia
sclerotium)

Increased TFI, risk of
resistance

Simple forecast system now available,
reductions can be made during non-
epidemic years (20 — 50% reduction)

Insecticide

September

December

Possible chemical pest control

TFI of insecticide
Total pesticide TFI
Pesticide mobility

Adult cabbage stem

flea beetle
(Psylliodes

Increased TFI, risk of non-
target effects on beneficial
insects, risk of resistance

According to threshold (September to
October: leaf damage or adults in water
traps; November to December: larvae i

Pesticide eco-toxicity
Soil cover at pesticide

chrysocepthalp plants)

N 5 WA
Wendure -V,

diversifying crop protection
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application
Total number of treatment
operations
April Possible chemical pest control TFI of insecticide Pollen beetle Increased TFI, risk of non- |Only if field threshold surpassed
(greento |[To trap crop only Total pesticide TFI (Meligethes aenels [target effects on beneficial |If trap crop is 10% of crop area,
yellow bud Pesticide mobility insects, risk of resistance  |insecticide use is reduced by 90%
stage) Pesticide eco-toxicity
Soil cover at pesticide
application
Total number of treatment
operations
May Possible chemical pest control TFI of insecticide Cabbage seed weeMilncreased TF, risk of non- |Only if field threshold surpassed
Total pesticide TFI (Ceutorhynchus target effects on beneficial
Pesticide mobility assimilig & Brassica|insects, risk of resistance
Pesticide eco-toxicity pod midge especially in pollen beetles
Soil cover at pesticide (Dasineura
application brassica¢
Total number of treatment
operations
Growth No
regulator
Other No
chemical
product
Biological No Total number of treatment
control operations
product
(elicitor,
pheromone..)
Irrigation No Irrigation
Harvest Mid July |Harvest with straw chopping and |Fuel consumption at harvest Fuel savings
spreading.

GPS controlled combine
Expected yield: 3.4 t ha

endure

diversifying crop protection
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Principles: principles of the AS/IS are proposed regardingrtteen pest risk identified in the current system

Pest Scale Main crop protection strategies, main principles Aim Others impacts
Impact on pests (weeds, diseases, disadvantages & advantages
insect pests)
WEEDS Cropping system | Diversifying sowing periods by introducing springps | Non-specialized weed flora: to reduce ®Risk to increase spring weeds seedbank
and shifting sowing dates (early/late sowing dates) autumn weed seedbank ®Energy and time cost (false seedbed)
To allow false seedbed between ©Positive impact on diseases (sowing dates)
harvest and drilling (late sowing or ©Work organisation may be improved
spring crops)
Systematic intermediate catch crop when springscrop | Competitiveness against Autumn ©Decrease NO3 leaching when spring crops
weeds ©Less nitrogen application to next crop
Superficial tillage in and between crops/deepd#élavhen| To reduce weeds ®Energy and time cost
necessary ©Soil biodiversity (less deep tillage)
Crop: WOSR Double row spacing To allow mechanical weeding ®Energy and time cost (mechanical weeding)
Crop: winter Diversifying sowing periods: late sowing date (oahe | False seedbed ©Also efficient to decrease susceptibility to
wheat wheat of the crop sequence because of organisation | To reduce autumn weeds seedbank | diseases, slugs and aphids causing BYD (no autu
problem) insecticide against aphids, less fungicide)
®Energy and time cost
®Risk of lower yield
®Risk of unsuitable sowing conditions
Diversifying sowing periods: late sowing date Faleedbed ©Also efficient to decrease susceptibility to
Crop: spring To reduce autumn weeds seedbank | diseases, slugs and aphids causing BYD (no autu
barley insecticide against aphids, less fungicide)
®Energy and time cost
®Risk of lower yield
®Risk of unsuitable sowing conditions
INSECTS Crop: WOSR Mixture with 10% early cultivars To limit pollerektles (trapped by
PESTS early cultivar)
Crop: Winter Late sowing date (only one wheat of the crop segeien| To reduce insects in Autumn ©Also efficient to decrease susceptibility to
wheat because of organisation problem) diseases, slugs
®Risk of lower yield
®Risk of unsuitable sowing conditions
Autumn insecticides against aphids if problems ¢Bar | To limit aphids and yellow dwarf
for late sowing, 4/5 for usual sowing date)
DISEASE Cropping system | Diversifying crops in the rotation Increase duratietween the same | ®Lower frequency of cash crops

! diversifying crop protection

crop

Use of resistant cultivars against disease witfouar
earliness, cultivar mixture

®Resistant cultivars sometimes less productive

®Delivery constraints with cultivar mixture

Page 134 of
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SLUGS Crops Chop and burry straws To destroy slug eggs ©Increase of soil organic matter
®Energy and time cost
AS prototype

LANDSCAPE MANAGEMENT PRACTICES

None

diversifying crop protection
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CROP MANAGEMENT PRACTICES

Crop management

Period (decade)

Practice and description

DEXiPM inputs (described in
detail in the attached table)

Effect on pests
(weeds, diseases,
insect pests)

Observations /
disadvantages

Pesticide reduction

CROP SEQUENCE

Winter oilseed rape-winter wheat-
winter barley-(intermediate legumes)-
sunflower-winter wheat

Nb of crops, proportion of
summer crops, of late-harvest
crops, crop type (winter,
spring, summer, perennial),
crop effect on pollinators, soil

cover

Pre-drilling tillage

Early august (just
after harvest of
preceding crop)

Stubble breaking (cover crop) + rolling
(roulage)
Nb of operations: 2

Superficial tillage between crop

S

Favour emergerice
cereals volunteers
and of some weeds

D

Reduction of herbicide

End of august Stale seedbed (vibro) Superficial tillage between crops  Destruction of ®Energy and Reduction of herbicide
Nb of operations: 1 seedling: less time cost Less molluscicide (on
favourable to slugs | ®Risk of Nitrate | margin)
leaching
Deep tillage: no Deep tillage Preserve soil natura

enemies

Inversion tillage: no

Tillage type (inversion)

eBerve soil natural

enemies

CROP 1: winter

Weeds double row spacing to allow mechanical weeding

oilseed rape Diseasesresistant cultivars (against phoma), chemicatrabragainst sclerotinia
Insects pestsearly cultivars (10%, mixture) to trap pollen beginsecticides against other insects
Drilling Early September| Cultivar: resistant against phoma, | Additional seed cost of cultivar,| 10% early cultivars tq ®Yield loss risk | No insecticide against

earliness: cultivar mixture with 10%
early cultivars
Non-treated seeds

yield reduction due to cultivar

trap pollen beetles

due to cultivar

pollen beetle

Combined tool (Seeder+superficial tog
+ roll

Nb of operations: 2 (count 3 in
DEXiPM because of combined tool)

IBuperficial tillage between crop|

(2]

Density: 40 pl /m? Sowing density Wide row Reduction of herbicide
(row spacing 45cm) spacing for (mechanical weeding
mechanical because large row
weeding spacing)
Mechanical weeding | Autumn 2 hoeinglfinage Superficial tillage in crops Decrease autumn | ®Energy and Reduction of herbicide
Nb of operations: 2 weeds time cost
Spring 1 hoeinglinagg Superficial tillage in crops Decrease autumn | ®Energy and Reduction of herbicide
Nb of operations: 1 weeds time cost

! diversifying crop protection

C
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Mineral Fertilization

August Nb of operations: 1 Mineral P/K fertilizers
Total amount (in FOs/K,0 kg/ha): 100 | applications
P, 150K Total number of treatment
operations
Beginning of Nb of operations: 1 Mineral N fertilizer applications
February Total amount (in kg/ha): 70N Total number of treatment
operations
Beginning of Nb operations: 1 Total number of treatment
march 75S operations
Beginning of Nb operations: 1 Mineral N fertilizer applications
march Total amount (in kg/ha): 80N Total number of treatment

operations

Organic Fertilization

No

Organic N fertilizer applications
Total number of treatment

operations
Molluscicide End of August Metaldehyde (field margin) TFI of Stubble breaking Reduction of
(emergence) TFI 0.3 herbicide/fungicides/insecticides efficient against slugs molluscicide
Herbicide Early September| Novall (TFI 0.33, on row) + kerb (TFI | Total pesticide TFI Against mono and Mechanical Reduction of herbicide
(post-sowing) 0.33, on row) Pesticide mobility dicotyledonous weeding (no (mechanical weeding)
Total TFI 0.66 Pesticide eco-toxicity treatment
Soil cover at pesticide between rows)
Fungicide Spring Against sclerotinia (TFI 0.75) application Against sclerotinia Resistant cultivar
Total number of treatment (no treatment
operations against phoma)
Insecticide Spring Insecticide against stem weevils against stem weevils| No treatment Reduction of insecticide

TFI 1
Insecticide (1/2 year) against cabbage
stem flee beetletiseg

cabbage stem flee
beetles, pod weevils,
aphids

against pollen
beetles (cultivar
mixture)

TFI1 0,5
Insecticide against pod weevils and/of
aphids
TFI 1
Growth regulator No
Other chemical No
product
Biological control No Total number of treatment
product (elicitor, operations
pheromone...)
Irrigation No Irrigation

Harvest I | iginnirlg of

Operation: classic (no additional §ost

diversifying crop protection

Fuel consu |t h
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July

Expected yield: 27 gx/ha (range: 25-3

4)

POST-HARVEST
MANAGEMENT/
pre drilling tillage

Beginning July
(after harvest)

Stubble breaking (cover crop)
Nb of operations: 1

Superficial tillage between crop

S

Enhance emergen

of volunteers

c®Less risk of
nitrate leaching

Mid- September

Stale seedbed (cover crop and vibro

Nb of operations : 2

Superficial tillage between crop

S

Destruction of

seedling (weeds and
volunteers): less
favourable to slugs

®Energy and
time cost
®Risk of Nitrate
leaching

Reduction of herbicide
No molluscicide

Intermediate crop

No (but WOSR volunteers favoured)

CROP 2: winter
wheat

Weeds mechanical weeding, spring herbicide
Diseasescultivar mixture with resistant cultivars, lowfrtilization
Insects insecticides Autumn
Lodging: low N fertilization

Drilling Mid-Octobre Cultivar: cultivar mixture (resistant Additional seed cost of cultivar,| Resistance against | ®Yield loss risk | Reduction of fungicide
against septoria) yield reduction due to cultivar | septoria due to cultivar
Non-treated seeds
Combined tool (seeder+superficial togl)Superficial tillage between crops
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)
Density: 300 pl /m? Sowing density
Mechanical weeding | Autumn 2 harrowingHerse etrilld Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 2 time cost
®Risk of non-
suitable weather
conditions
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount; 80N Total number of treatment reduce disease risk | application: Less fungicide
operations reduce lodge risk
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount; 50N Total number of treatment reduce disease risk | application: Less fungicide
operations reduce lodge risk
No P-K (see WOSR)
Organic Fertilization No Organic N fertilizer applicationg
Total number of treatment
operations
Molluscicide No TFI of
Herbicide Beginning of Allié herbicide/fungicides/insecticides Against mono and Mechanical Reduction of herbicide
March TFI 0.75 Total pesticide TFI dicotyledonous weeding (less
Pesticide mobility treatment)
Fungicide April Fungicide against foliar disease Pesticide eco-toxicity Cultivar, low N | Reduction of fungicide
TFI 1 fertilization

iversifying crop protection

Soil cover jgEide
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Insecticide Autumn Insecticide against aphids (3/5 year) | application
TFI 0.6 Total number of treatment
Spring Insecticide against aphids (1/5 year) | operations
TFI 0.2
Growth regulator No Low N No regulator
fertilization, low
sowing density
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No Irrigation
Harvest Mid July Operation: classic (no additional cost) Fuel consumption at harvest

Expected yield: 65qg/ha (range 50-69)

Straws buried

Stubble management

Avoid slugs

©Saoil organic
matter

Less molluscicide

POST-HARVEST
MANAGEMENT/
pre drilling tillage

July (at harvest

Stubble breaking (covercrop)+rolling

Superficial tillage between crop

2]

of wheat) Nb of operations: 2
From August to | Stale seedbed (vibro) Superficial tillage between crops Decrease autumn| ®Energy and Reduction of herbicide
November Nb of operations : 2 weeds seedbank and time cost and molluscicide

slug eggs

®Risk of Nitrate
leaching

Intermediate crop

No

CROP 3: winter
barley

Weeds late sowing to allow false seedbed mechanicakimge herbicide
Diseaseslow N fertilization, resistant cultivar, low dahg late sowing
Lodging: low N fertilization

—

Drilling Beginning of Cultivar: resistant against leaf stripe, | Additional seed cost of cultivar,| Limit diseases and | ®Yield loss risk | Reduction of fungicides
November dwarf leaf rustpuccinig yield reduction due to cultivar | limit risk of aphids due to cultivar
Treated seeds against yellow dwarf and late sowing
virus
Combined tool (seeder+superficial togl)Superficial tillage between crops Late sowing linsk
Nb of operation: 1(count 2 in DEXiPM of aphids and
because of combined tool) diseases
Density: 250 pl /m? Sowing density Limit diseases ©Limit lodging Reduction of fungicide
and no growth regulato
Mechanical weeding | Beginning of 1 harrowing erse etrillg Superficial tillage in crops Limit weeds ®Energy and Reduction of herbicide
March time cost
End of February | Nb of operations: 1 Mineral N fertilizer applications| Low N fertilization to | ©Low N No growth regulator

Mineral Fertilization

Total amount: 70N

Total num atm

C

; diversifying crop protection
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operations

limit lodging risk

End of March

Nb of operations: 1
Total amount: 70N

Mineral N fertilizer applications
Total number of treatment

Low N fertilization to

limit disease risk

©Low N
fertilization to

No growth regulator

operations limit lodging risk
Organic Fertilization No
Molluscicide No TFI of
Herbicide end of march Bofix (against dicotyledonous, TFI | herbicide/fungicides/insecticides
0.5)+herbicide against wild oat (TFI | Total pesticide TFI
0.5) Pesticide mobility
TFI 1 Pesticide eco-toxicity
Fungicide Spring Against aerial diseases Soil cover at pesticide Cultivar, low N
TF10.75 application fertilization,
Total number of treatment sowing date,
operations density
Insecticide No (seed treatment) Sowing date,
seed treatment
Growth regulator No Low N
fertilization, low
density
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No
Harvest Mid-July Operation: classic (no additional cost)| Fuel consumption at harvest
Yield 65 g/ha (range 50-70)
POST-HARVEST Mid-July (at Stubble breaking (covercrop)+rolling | Superficial tillage between crops
MANAGEMENT/ harvest) Nb of operations: 2
pre drilling tillage August Stale seedbed (lemken) Superficial tillage between crops ®Energy and Reduction of herbicide
Nb of operations : 1 time cost
®Risk of Nitrate
leaching
Intermediate crop Mid August Catch crop (mixture of legumes, Number of crops Effect on weeds ©Nitrogen
resistant to frost) (competitiveness) application for
next crop,

iversifying crop protection

Page 140 of

U

positive effect on
soil structure,
decrease of
leaching risk




ENDURE - Deliverable DR2.16

during winter
period

Mid-February

Choppinghfoyagg or rolling

Superficial tillage between croy

Mid-February

Deep tillage (inversion) + superficial

tillage (vibro)

Deep tillage, inversion tillage,
Superficial tillage between crop

(2]

®Energy and

time cost

CROP 4: sunflower

Weeds mechanic

al weeding

Diseasesresistant cultivar

Drilling Mid-April Cultivar: multi-resistant Additional seed cost of cultivar, ®Yield loss risk
Non-treated seeds yield reduction due to cultivar due to cultivar
Combined tool (seeder+superficial togl)Superficial tillage between crops
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)
Density: 7 pl /m?2 Sowing density
Mechanical weeding | May-June 3 hoeingb{nage Superficial tillage in crops ®Energy and No herbicide between
Nb of operations: 3 time cost rows
Mineral Fertilization End of April Nb of operations : 1 Mineral P/K fertilizer Restitution of N

Total amount; 100P, 100K

applications
Total number of treatment
operations

by intermediate
catch crop

Organic Fertilization No

Molluscicide No TFI of

Herbicide Novall on row Ammi majup herbicide/fungicides/insecticides

TFI 0.33 Total pesticide TFI

Fungicide No Pesticide mobility Resistant cultivar

Insecticide No Pesticide eco-toxicity

Growth regulator No on sunflower Soil cover at pesticide

Other chemical No application

product Total number of treatment
operations

Biological control No

product (elicitor,

pheromone...)

Irrigation No

Harvest End September Operation: classic (no additiond) cos Fuel consumption at harvest

Expected yield 23g/ha (range: 15-23)

POST-HARVEST
MANAGEMENT/
pre drilling tillage

. | | iEtember

+rolling

diversifying crop protection
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Nb of operations: 2

seedlings (slugs)

Mid-October

False seedbed (vibro)+rolling
Nb of operations: 2

Superficial tillage between crop

S

Limit weeds,
destruction of
seedlings (slugs)

Reduction of herbicide
Less molluscicide

CROP 5: winter
wheat

Weeds late sowing (false seedbed), mechanical weedimgng herbicide
Diseaseslate sowing, resistant hardy cultivars, low Nifemation, low density
Insects late sowing (autumn aphids), insecticides 1/5 yea
Lodging: late sowing, low N fertilization, low density

Slugs late sowing

Drilling

Early November

Cultivar: hardy
Non-treated seeds

Additional seed cost of cultivar,
yield reduction due to cultivar

®Yield loss risk
due to cultivar
and late sowing

No fungicide

Combined tool (seeder+superficial tog
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop

S

Late sowing: dise
susceptibility and
allow more false

Reduction of herbicide

seedbed
Density: 250 pl /m? Sowing density
Mechanical weeding | Mid-february 1 harrowingHerse etrillg (1/2 year) Superficial tillage in crops Limit weeds ®Energy and Reduction of herbicide
Nb of operations: 1/2 time cost
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount; 80N Total number of treatment reduce disease risk | application: Less fungicide
operations reduce lodge risk
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount; 70N Total number of treatment reduce disease risk | application: Less fungicide
operations reduce lodge risk
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No TFI of Late sowing
Herbicide May Against dicot and monocotyledonous | herbicide/fungicides/insecticides Reduction of herbicide
TFI 0.75 Total pesticide TFI
Nb of operations: 1 Pesticide mobility
Fungicide April Fungicide against foliar disease Pesticide eco-toxicity Cultivar, low N | Reduction of fungicide
TFI1 0.5 Soil cover at pesticide fertilization, low
Nb of operations: 1 application sowing density
Insecticide Spring Insecticide against aphids (1/5 year) | Total number of treatment

TFI10.2
Nb of operations: 1

Growth r

tor I _

No

operations

diversifying crop protection
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N fertilization,
low sowing
density
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation no
Harvest Mid-July Operation: classic (no additional cost)| Fuel consumption at harvest Late sowing:
Expected yield 60q (range 50-65) lower expected
yield than first
wheat
Straws chopped and buried Stubble management Ahais Less molluscicide
POST-HARVEST Early august (just Stubble breaking (cover crop) + rolling Superficial tillage between crops Favour emergaice Reduction of herbicide
MANAGEMENT/ after harvest) (roulage) cereals volunteers
pre drilling tillage Nb of operations: 2 and of some weeds
End of august Stale seedbed (vibro) Superficial tillage between crops  Destruction of ®Energy and Reduction of herbicide
Nb of operations: 1 seedling: less time cost No molluscicide
favourable to slugs | ®Risk of Nitrate
leaching

France Innovative system

A . S
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Principles: principles of the AS/IS are proposed regardingrti@n pest risk identified in the current system

rop

b

mn

Pest Scale Main crop protection strategies, main principles Aim Others impacts
Impact on pests (weeds, diseases, disadvantages & advantages
insect pests)
WEEDS Cropping system | Extending and diversifying crop rotation (compeg#ti To increase competitiveness against
crop) spring weeds
Diversifying sowing periods by shifting sowing daite ®Energy and time cost (false seedbed)
(early/late sowing dates) ©Positive impact on diseases (sowing dates)
®Risk of yield loss
False seedbed (except when mustard) To reduce weeds ®Energy and time cost
Systematic intermediate catch crop when springscrop | Competitiveness against Autumn ©Decrease NO3 leaching when spring crops
weeds ©Reduce nitrogen application to next crop
®Risk to increase slugs depending on the catch ¢
used
Odd number of deep tillage between two successive | To reduce weeds ©Positive impact to decrease eyespot of wheat
cereals
Crop: WOSR Diversifying sowing periods: early sowing date iMorease competition against weeds©Also efficient to decrease susceptibility to phom
slugs and autumn insects d.weevils): less
fungicide and insecticide
®Might be lodging problems as no growth regulat
Crop: winter Diversifying sowing periods: late sowing date Falsedbed ©Also efficient to decrease susceptibility to
wheat To reduce autumn weeds seedbank | diseases, slugs and aphids causing BYD (no autu
insecticide against aphids, less fungicide)
®Energy and time cost
®Risk of lower yield
®Risk of unsuitable sowing conditions
Crop: sugarbeet Mechanical weeding, herbicide on row To reduce weed ®Energy and time cost
INSECTS Crop: WOSR Mixture with 10% early cultivars To limit pollen bdes (trapped) ®Risk of lower yield
PESTS Reduce TFI
Crop: Winter Late sowing date To reduce Autumn treatment ®Risk of lower yield
wheat ©Reduce disease and lodging
Insecticides against aphids if problems (1/5 yeaidte | To limit aphids and BYD
sowing)
DISEASE Cropping system | Use of resistant cultivars against disease witfouar ®Resistant cultivars sometimes less productive
earliness, cultivar mixture ®Delivery constraints with cultivar mixture
SLUGS Crops Chop and burry straws ©Increase of soil organic matter
IS prototype

Wendure

diversifying crop protection
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LANDSCAPE MANAGEMENT PRACTICES
None

Wendure

diversifying crop protection
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CROP MANAGEMENT PRACTICES

Crop management

Period (decade)

Practice and description

DEXiPM inputs (described in
detail in the attached table)

Effect on pests
(weeds, diseases,
insect pests)

Observations /
disadvantages

Pesticide reduction

CROP SEQUENCE

(Mustard)-Sugarbeet-winter wheat-
(Mustard)-hemp-winter wheat-
winter oilseed rape-winter wheat

Nb of crops, proportion of
summer crops, of late-harvest
crops, crop type (winter,
spring, summer, perennial),
crop effect on pollinators, soil
cover

Pre-drilling tillage

Early august (just
after harvest of
preceding crop)

Stubble breaking (cover crop) + rollin
(roulage)
Nb of operations: 2

g Superficial tillage between crop,

S

Favour emergearfce

cereals volunteers
and of some weeds

1)

Reduction of herbicide

Intermediate catch
crop

Beginning of Mustard
August 12kg/ha
Broadcast sowing + harrowing + Superficial tillage between crops
rolling
Nb of operations: 3
February Mechanical breaking (if not killed by| Superficial tillage between crops ©Less risk of Reduction of herbicide

frost)
Nb of operations: 1

nitrate leaching

(No glyphosate)

End of February

Ploughing (Inversion tillage)

Deilpge, Tillage type
(inversion)

Reduce weeds

®Energy and
time cost

Reduction of herbicide

CROP 1: sugarbeet

Weeds no special
Diseasesresistant

cultivars, low N fertilization

isation of flora and less problems witteds in sugarbeet by introduction of hemp (coitipethess):

Drilling Beginning of Cultivar: resistant Additional seed cost of cultivar, ®VYield loss risk | Reduce insecticide
march Treated seeds yield reduction due to cultivar due to cultivar
Combined tool (Seeder+superficial | Superficial tillage between crops
tool) + roll
Nb of operations: 2 (count 3 in
DEXiPM because of combined tool)
Density: 13 pl /m2 Sowing density
Mechanical weeding | Spring 1 hoeinghoud Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 1 time cost
Spring 1 hoeinglinage Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 1 time cost
Mineral Fertilization Beginning of Nb of operations: 1 Mineral P/K fertilizers

r

Total amount (in FOs/K,0 kg/ha): 200

diversifying crop protection

application“ﬁ
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P, 300K

Total number of treatment
operations

Beginning of
March

Nb of operations: 1
Total amount (in kg/ha): 100N

Mineral N fertilizer applications
Total number of treatment
operations

Organic Fertilization

Vinasseon intermediate crop mustard

Organic N fertilizer applications
Total number of treatment

operations
Molluscicide End of March Metaldehyde (1/10 year) TFI of Reduction of
(emergence) TFI 0.1 herbicide/fungicides/insecticides molluscicide
Herbicide End of March Localised on row Total pesticide TFI Against mono and Mechanical
TFI 0.5 Pesticide mobility dicotyledonous weeding (no
Pesticide eco-toxicity treatment
Soil cover at pesticide between rows)
Fungicide Spring 1 fungicide and one more if problems, application Againstoidium Resistant cultivar] Reduction of fungicide
1/5 year Total number of treatment granulariose
TFI 1.2 operations cercosporiose
Insecticide No No treatment No insecticide
because of seed
treatment
Growth regulator No
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No Irrigation
Harvest Beginning of Operation: high fuel cost Fuel consumption at harvest
October Expected yield: 95 t/ha (range 80-108)

POST-HARVEST
MANAGEMENT/
pre drilling tillage

No

Intermediate crop

no

CROP 2: winter

Weeds late sowing (false seedbed), mechanical weediodng herbicide

wheat Diseaseslate sowing, resistant hardy cultivars, low Nifezation, lower density
Insects late sowing (autumn aphids), insecticides 1/5 yea
Lodging: late sowing, low N fertilization, lower density
Slugs late sowing
Drilling Early November Cultivar: hardy Additional seed cost of cultivar, ®Yield loss risk | No insecticide Autumn

! diversifying crop protection

Non-treated seeds

to cuHti

yield reduc
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and late sowing

Combined tool (seeder+superficial
tool)

Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop,

S

Late sowing: dise
susceptibility and
allow more false
seedbed

Reduction of herbicide

Density: 250 pl /m?2

Sowing density

Mechanical weeding | Beginning of 1 harrowing lerse etrill§ (1/2 year) Superficial tillage in crops ®Energy and Reduction of herbicide
March Nb of operations: 1/2 time cost
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 90N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 70N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No TFI of Late sowing
Herbicide May Against dicot and monocotyledonous| herbicide/fungicides/insecticides Reduction of herbicide
TFI 1 Total pesticide TFI
Nb of operations: 1 Pesticide mobility
Fungicide April Fungicide against foliar disease Pesticide eco-toxicity Reduce foliar diseas¢  Cultivar, low N| Reduction of fungicide
TF1 0.5 Soil cover at pesticide fertilization,
application sowing date and
Total number of treatment density
Insecticide Spring Insecticide against aphids (1/5 year) | operations Reduce aphids
TFI1 0.2
Growth regulator No Late sowing, low
N fertilization,
low sowing
density
Other chemical No
product
Biological control
product (elicitor,
pheromone...)
Irrigation no
Harvest Mid-July Operation: classic (no additional cost) Fuel consumption at harvest

! diversifying crop protection

Expected yield 80q (range 70-90) m@
=7
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Straws chopped and burried

Stubble management

Fohogs

©Saoil organic
matter

POST-HARVEST
MANAGEMENT/
pre drilling tillage

Early august (just
after harvest of
preceding crop)

Stubble breaking (cover crop) + rollin
(roulage)
Nb of operations: 2

g Superficial tillage between crop,

S

Favour emergearfce

cereals volunteers
and of some weeds

1)

Reduction of herbicide

Intermediate catch Beginning of Mustard
crop August 12kg/ha
Broadcast sowing + harrowing + Superficial tillage between crops
rolling
Nb of operations: 3
February Mechanical breaking (if not killed by | Superficial tillage between crops ©Low risk of Reduction of herbicide
frost) nitrate leaching | (No glyphosate)
Nb of operations: 1
End of February Ploughing (Inversion tillage) Dedlpge, Tillage type Reduce weeds ®Energy and Reduction of herbicide
(inversion) time cost
CROP 3: hemp Weeds competitive crop
Diseasesno problem of disease
Insects no problem
Drilling Beginning of May| No specific cultivar Additional seed cost of cudtiy | Competitive crop No herbicide

(on heated soil)

yield reduction due to cultivar

limit weeds

Combined tool (seeder+superficial
tool)

Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop,

S

Density: 300 pl /m?2

Sowing density

Mechanical weeding

No

Superficial tillage in crops

Mineral Fertilization Mid May Nb of operations: 1 Mineral N fertilizer applications
Total amount: 100N Total number of treatment
operations
Mid May Nb of operations: 1 Mineral P/K fertilizers
Total amount (in FOs/K,0 kg/ha): 200| applications
P, 300K Total number of treatment
operations
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No
Herbicide No
Fungicide No
No

Insecticidgy)
; diversifying crop protection
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Growth regulator No
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation no Irrigation
Harvest Beginning of Operation: harvest of grains, mowing| Fuel consumption at harvest
September drying, press: high fuel cost
Expected yield: 800g/ha (range 600-
1000)
Straws buried Stubble management Avoid slugs ©Sail organic Less molluscicide
matter
POST-HARVEST Beginning of Stubble breaking (covercrop) Superficial tillage between crops
MANAGEMENT/ September Nb of operations: 1
pre drilling tillage October Stale seedbed (vibro) Superficial tillage between crops Decrease autumn| ®Energy and Reduction of herbicide
Nb of operations : 1-2 weeds seedbank time cost
®Risk of Nitrate
leaching

Intermediate crop

No

CROP 4: winter
wheat

Weeds late sowing (false seedbed), mechanical weediodng herbicide
Diseaseslate sowing, resistant hardy cultivars, low Nifezation, lower density
Insects late sowing (autumn aphids), insecticides 1/5 yea

Lodging: late sowing, low N fertilization, lower density
Slugs late sowing, superficial tillage (eggs)

Drilling

tool)
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

susceptibility, Avoid
autumn insect and
allow more false
seedbed

Early November Cultivar: hardy Additional seed cost of cultivar,| Limit disease ®Yield loss risk | Less fungicide
Non-treated seeds yield reduction due to cultivar due to cultivar
and late sowing
Combined tool (seeder+superficial Superficial tillage between crops Late sowing: d&e Reduction of herbicide

and no autumn
insecticide

Density: 250 pl /m?2

Sowing density

Limit disease

operations

iversifying crop protection
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Total amount: 90N Total number of treatment reduce disease risk | application:

'

5-




ENDURE - Deliverable DR2.16

Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 70N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No TFI of Late sowing,
herbicide/fungicides/insecticides superficial tillage
Total pesticide TFI (eggs)
Herbicide May Against dicot and monocotyledonous| Pesticide mobility Reduction of herbicide
TFI 1 Pesticide eco-toxicity
Nb of operations: 1 Soil cover at pesticide
Fungicide April Fungicide against foliar disease application Cultivar, low N | Reduction of fungicide
TFI 0.75 Total number of treatment fertilization,
operations sowing density
and date
Insecticide Spring Insecticide against aphids (1/5 year)
TF10.2
Growth regulator No Late sowing, low
N fertilization,
low sowing
density
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation no
Harvest Mid-July Operation: classic (no additional cost) Fuel consumption at harvest
Expected yield 759 (range 65-85)
Straws chopped and buried Stubble management AShairs No molluscicide
POST-HARVEST End of July (just | Stubble breaking (cover crop) + rolling Superficial tillage between crops  Favour emergafce Reduction of herbicide
MANAGEMENT/ after harvest of | (roulage) cereals volunteers
pre drilling tillage preceding crop) | Nb of operations: 2 and of some weeds
End of July Ploughing (Inversion tillage) Deepdilke, Tillage type Reduce weeds ®Energy and Reduction of herbicide
(inversion) time cost

CROP 5: winter
oilseed rape

Weeds early sowing, competitiveness
Diseasesearly sowing, resistant cultivars
Insects pestsfavour natural enemies, margin and early culsv@anixture) to trap pollen beetle, insecticidesatessary

! diversifying crop protection
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Drilling

Early august

Cultivar: resistant against phoma,
earliness: cultivar mixture with 10%
early cultivars
Non-treated seeds

Additional seed cost of cultivar,
yield reduction due to cultivar

®Yield loss risk
due to cultivar.
10% early
cultivars to trap
pollen beetles

Combined tool (Seeder+superficial
tool) + roll

Nb of operations: 2 (count 3 in
DEXiPM because of combined tool)

Superficial tillage between crop,

S

Early sowing: enor
competitiveness with
weeds, decrease
diseases
susceptibility
(phoma), less
susceptible to slugs
and autumn insects

Density: 45 pl /mz

Sowing density

High density to
increase
competitiveness
against weeds

No fungicide against
phoma

No insecticide against
pollen beetle
Reduction of herbicide,
insecticide,
molluscicide

Mechanical weeding

No

Mineral Fertilization

Early august

Nb of operations: 1
Total amount (in FOs/K,0 kg/ha): 100
P, 150K

Mineral P/K fertilizers
applications

Total number of treatment
operations

End of January

Nb of operations: 1
Total amount (in kg/ha): 70N

Mineral N fertilizer applications
Total number of treatment

operations
Beginning of Nb operations: 1 Total number of treatment
march 75S operations

Mid February

Nb operations: 1
Total amount (in kg/ha): 60N

Mineral N fertilizer applications
Total number of treatment
operations

End of March

Nb operations: 1
Total amount (in kg/ha): 80N

Mineral N fertilizer applications
Total number of treatment
operations

Organic Fertilization No
Molluscicide End of August Metaldehyde (1/5 year) TFI of Early sowing Reduction of
(emergence) TFI 0.2 herbicide/fungicides/insecticides less favourable | molluscicide
Total pesticide TFI to slugs
Herbicide End of August Systematic but reduced dose Pesticide mobility Competitiveness
(emergence) TFI 0.8 Pesticide eco-toxicity
Herbicide 1/3 year Competitiveness

iversifying crop protection
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TFI 0.33 application
Fungicide April (flowering) | Against sclerotinia Total number of treatment Resistant cultivarl No fungicide against
TFI 0.8 operations against phoma | phoma
and early sowing
Insecticide Spring Karate zeon (weevils) Cultivar mixture: | Reduction of insecticide
TFI 2 no treatment
against pollen
beetle
No treatments
against flea
beetle petite
altise) and fly
(mouchg
because of early
sowing
Growth regulator No
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No Irrigation
Harvest Beginning of July| Operation: classic (no additiooa$t) | Fuel consumption at harvest
Expected yield: 38 gx/ha (range 30-40)
POST-HARVEST End of august Stubble breaking (cover crop) Superficial tillage between crops  After the emergen Reduction of herbicide
MANAGEMENT/ Nb of operations: 1 of volunteers to avoid
pre drilling tillage rape seedbank
September- Stale seedbed (lemken) Superficial tillage between crops  Destruction okde | ®Energy and Reduction of herbicide
October Nb of operations : 3 Destruction of time cost No molluscicide
seedling: less ®Risk of Nitrate
favourable to slugs | leaching
Intermediate crop No

CROP 6: winter

Weeds late sowing (false seedbed), mechanical weediogng herbicide

wheat Diseaseslate sowing, resistant hardy cultivars, low Nifezation, lower density
Insects late sowing (autumn aphids), insecticides 1/5 yea
Lodging: late sowing, low N fertilization, lower density
Slugs late sowing
Drilling Early November Cultivar: hardy Additional seed cost of cultivar, ®Yield loss risk | less fungicide

dure

Non-treated seeds

iversifying crop protection
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Combined tool (seeder+superficial
tool)

Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop,

S

Late sowing: dise
susceptibility and
allow more false
seedbed

Reduction of herbicide
and no autumn
insecticides, and
molluscicide

Density: 250 pl /m?2

Sowing density

Mechanical weeding | Beginning of 1 harrowing lerse etrill§ (1/2 year) Superficial tillage in crops ®Energy and Reduction of herbicide
March Nb of operations: 1/2 time cost
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 90N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 70N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No TFI of Late sowing No molluscicide
Herbicide May Against dicot and monocotyledonous| herbicide/fungicides/insecticides Reduction of herbicide
TFI 1 Total pesticide TFI
Nb of operations: 1 Pesticide mobility
Fungicide April Fungicide against foliar disease Pesticide eco-toxicity Cultivar, low N | Reduction of fungicide
TF1 0.75 Soil cover at pesticide fertilization
Insecticide Spring Insecticide against aphids (1/5 year)| application
TFI 0.2 Total number of treatment
Growth regulator No operations Late sowing, low| No regulator
N fertilization,
low sowing
density
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation no
Harvest Mid-July Operation: classic (no additional cost) Fuel consumption at harvest

Expected yield 759 (range 65-85)

Straws chopped and buried

Stubble management

Avogrs

No molluscicide

POST-HARVEST

End of July (just

Stubble breaking (cover crop) + rollin
(roulage)

g Superficial tillage between crop,

S

MANAGWEET/ li’;:lier iiQLest of
; diversifying crop protection
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pre drilling tillage preceding crop) Nb of operations: 2 (count 3 in and of some weeds
DEXiPM because of combined tool)
Intermediate catch Beginning of Mustard
crop August 12kg/ha
Broadcast sowing + harrowing + Superficial tillage between crops
rolling
Nb of operations: 3
February Mechanical breaking (if not killed by | Superficial tillage between crops ©Less risk of Reduction of herbicide
frost) nitrate leaching | (No glyphosate)
Nb of operations: 1
End of February Ploughing (Inversion tillage) Déidlpge, Tillage type Reduce weeds ®Energy and Reduction of herbicide
(inversion) time cost

) e S
*endure Page 155 of e é"
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Principles: principles of the AS/IS are proposed regardingrti@n pest risk identified in the current system

Pest Scale Main crop protection strategies, main principles Aim Others impacts
Impact on pests (weeds, diseases, disadvantages & advantages
insect pests)
WEEDS Cropping system | Diversifying sowing periods by introducing springpps | Non-specialized weed flora: reduce | ®Risk to increase spring weeds seedbank
and shifting sowing dates (early/late sowing dates autumn weed seedbank ®Energy and time cost (false seedbed)
To allow false seedbed between ®Risk to increase NO3 leaching if bare soil (spring
harvest and drilling (late sowing or crops)
spring crops) ©Positive impact on diseases (sowing dates)
Increase the frequency of crops with high To reduce weed seedbank ®Delivery constraints for some crops
competitiveness against weeds (Triticale) and peaén
crops (alfalfa). Chose cultivar with high competiness
Mechanical cultivation To reduce TFI ®Energy and time cost
Crop: WOSR Diversifying sowing periods: early sowing date iMorease competition against weeds©Also efficient to decrease susceptibility to phoma,
slugs and autumn insecesd.weevils): less
fungicide and insecticide
®Might be lodging problems as no growth regulatpr
®Efficient only if sufficient nitrate
Crop: winter Diversifying sowing periods: late sowing date Falsedbed ©Also efficient to decrease susceptibility to
wheat To reduce autumn weeds seedbank | diseases, slugs and aphids causing BYD (no autumn
insecticide against aphids, less fungicide)
®Energy and time cost
®Risk of lower yield
®Risk of unsuitable sowing conditions
Herbicides (foliar in spring) against grasses and/o To limit weeds
against dicotyledonous if mechanical weeding is not
sufficiently efficient
Crop: spring Herbicides (foliar) against grasses and/or against To limit weeds
barley dicotyledonous if mechanical weeding is not effitje
particularly after sunflower
Sown as soon as possible Competition against spréagls ®Efficient only if sufficient nitrate
Crop: sunflower Herbicides against grasses if mechanical weedingtis | To limit grasses
efficient
INSECTS Landscape Small fields (<10 ha), settlement of hedges ormotima- | To favour natural enemies ®May impose to reorganise crop mosaic
PESTS productive areas
Flowering strips for pollinators (syrphae), refudess To favour natural enemies populations
ladybugs in winter against aphids
Turnip rape Brassica rapaon WOSR margins To attract pollen beetles ®Loss of productive area
€roppj St No deep ploughing To oil enemies
diversifying crop protection Page 156 of o
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populations €.g.carabidae)

Crop: WOSR Mixture with early cultivars To limit pollen beet (trapped)
Insecticides if problems with more harmful insects To limit weevils
(mostly weevils)
Crop: winter No Autumn insecticides against aphids (late sowdag | To limit aphids and BYD
wheat Spring insecticide against aphids if problems (}/&fr)
DISEASE Cropping system | Diversifying crops in the rotation To increase dimabetween the same ®Lower frequency of cash crops
crop
Crops Use of resistant cultivars against disease withouar| ®Resistant cultivars sometimes less productive
earliness, cultivar mixture ®Delivery constraints with cultivar mixture
Use of contans each year (biological control method ®Economical cost
against sclerotinia
SLUGS Crops Export straws ®Decrease of soil organic matter
IS prototype

LANDSCAPE MANAGEMENT PRACTICES

Landscape Period Practice DEXiPM inputs Observations
management
Field margin Margin of rape field sown with turnip rape, breaket flowering Habitat management | Breaking at flowering to Kill part of the

pollen beetle
Yield loss for WOSR (less area)

Non-productive area

Hedges, flowering strips...

Habitat management

Increase natural enemies pamsat

Other landscape management that could be mentioned, not in the present system

Surrounding fields

Stubble management (stubble as source of inocfdunew fields, e.g. phoma Pest pressure includes
stem canker), Species and cultivars choice andligion at the landscape
scale (collective management of resistance dutghiBM management), etc.|.

cultivar distribution

CROP MANAGEMENT PRACTICES

Crop management

Period (decade) | Practice and description

DEXiPM inputs (described in
detail in the attached table)

Observations / Pesticide reduction

disadvantages

Effect on pests
(weeds, diseases,
insect pests)

CROP SEQUENCE

Winter oilseed rape-winter wheat-
spring barley-alfalfa-alfalfa-winter
wheat-(Mustard)-sunflower-triticale

Nb of crops, proportion of
summer crops, of late-harvest
crops, crop type (winter,
spring, summer, perennial),
crop effect on pollinators, soil
cover

Ui

diversifying crop protection
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Pre-drilling tillage Early august (just
after harvest of

preceding crop)

Stubble breaking (cover crop)
Nb of operations: 1

Favour emergeaice Reduction of herbicide
cereals volunteers

and of some weeds

Superficial tillage between crops

Early august Stale seedbed (lemken) Superficial tillage between crops  Destruction of ®Energy and Reduction of herbicide
Nb of operations: 1 seedling: less time cost No molluscicide
favourable to slugs | ®Risk of Nitrate
leaching
Deep tillage: no Deep tillage Preserve soil natuna
enemies
Inversion tillage: no Tillage type (inversion) eBerve soil natural
enemies

CROP 1: winter Weeds early sowing and N application at sowing localie® row to increase competitiveness on row, mechbweeding between rows

oilseed rape Diseasesearly sowing, resistant cultivars, biological troh(contans)
Insects pestsfavour natural enemies, margin and early culv@anixture) to trap pollen beetle, insecticidesdtessary
Drilling Early august Cultivar: resistant against phoma, Additional seed cost of cultivar,| 10% early cultivars ta ®Yield loss risk | No fungicide against

earliness: cultivar mixture with 10% | yield reduction due to cultivar | trap pollen beetles (in due to cultivar phoma

early cultivars
Non-treated seeds

addition to turnip
rape)

Combined tool (Seeder+superficial
tool) + roll

Nb of operations: 2 (count 3 in
DEXiPM because of combined tool)

Superficial tillage between crop,

Early sowing:dav
competitiveness with
weeds, limit diseaseg
susceptibility
(phoma), limit
susceptibility to slugs
and to some autumn
insects

Density: 45 pl /m?
(row spacing 45cm)

Sowing density

Wide row spacing fq
mechanical weeding

=

No insecticide against
pollen beetle
Reduction of herbicide,
insecticide,
molluscicide

Mechanical weeding | Autumn 2 harrowingt{erse etrill@ + 2 hoeing | Superficial tillage in crops ®Energy and Reduction of herbicide
(binagg time cost
Nb of operations: 4
Spring 1 hoeinglinagg Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 1 time cost

Mineral Fertilization

Early august

Nb of operations: 1
Total amount (in FOs/K,0 kg/ha): 100
P, 150K, 100 N

Mineral P/K fertilizers
applications

Total number of treatment
operations

Early august Nb of operations: 1 Mineral N fertilizer applications| N application
Total amount (in kg/ha): 100 N Total number of treatment localised on the row
operations to enhance

iversifying crop protection
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competitiveness of
WOSR against weed

End of January

Nb of operations: 1
Total amount (in kg/ha): 70N

Mineral N fertilizer applications
Total number of treatment

operations
Beginning of Nb operations: 1 Total number of treatment
march 75S operations
Mid march Nb operations: 1 Mineral N fertilizer applications

Total amount (in kg/ha): 70N

Total number of treatment
operations

Organic Fertilization

No

Organic N fertilizer applications
Total number of treatment

product (elicitor,
pheromone...)

operations

against sclerotinia on
WOSR and
sunflower (each year

cost

operations
Molluscicide End of August Metaldehyde 0.3kg (field margin) TFI of Early sowing lesg Reduction of
(emergence) TFI 0.3 herbicide/fungicides/insecticide favourable to molluscicide
Total pesticide TFI slugs
Herbicide No Pesticide mobility Competitiveness| No herbicide
Pesticide eco-toxicity on row and
Soil cover at pesticide mechanical
application weeding between
Total number of treatment rows
Fungicide No operations Resistant cultivar|
and early sowing
(phoma), contans
against
sclerotinia
Insecticide Spring Karate zeon (weevils) Threshold for Reduction of
TFI 1,5 (between 1 and 2 depending on treatment if field insecticide
the pressure) margin (turnip rape)
or cultivar mixture
(10% early cultivar)
not efficient enough
Growth regulator No
Other chemical No
product
Biological control Sowing Contans: 1kg Total number of treatment Biological control ®Economical No fungicide

Irrigation pA I
! diversifying crop protection
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Harvest

Mid June

Operation: classic (no additional cost
Expected yield: 25 gx/ha

Fuel consumption at harvest

POST-HARVEST
MANAGEMENT/
pre drilling tillage

End of august

Stubble breaking (cover crop)
Nb of operations: 1

Superficial tillage between crop,

S

After the emerngen
of volunteers to avoig
rape seedbank

Reduction of herbicide

September-
October

Stale seedbed (lemken)
Nb of operations : 3

Superficial tillage between crop,

S

Destruction otde
Destruction of
seedling: less
favourable to slugs
and destruction of

slug egg

®Energy and
time cost
®Risk of Nitrate
leaching

Reduction of herbicide
No molluscicide

Intermediate crop

no

CROP 2: winter
wheat

Weeds late sowing (false seedbed), mechanical weedimdng herbicide if necessary

Diseaseslate sowing, cultivar mixture with resistant éutrs, low N fertilization, low density

Insects late sowing (autumn aphids), bearded cultivaasmral enemies favoured, insecticides if necessary
Lodging: late sowing, low N fertilization, low density
Slugs late sowing, superficial tillage

Drilling

Early November

Cultivar: cultivar mixture (bearded,
resistant against aerial disease)
Non-treated seeds

Additional seed cost of cultivar,
yield reduction due to cultivar

®Yield loss risk
due to cultivar
and late sowing

No fungicide

Combined tool (seeder+superficial tog
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop

S

Late sowing: dése
susceptibility, allow
more false seedbed,
less autumn insects
and slugs

Reduction of herbicide,
insecticide

No fungicide and
molluscicide

Density: 200 pl /m?

Sowing density

Mechanical weeding | Autumn 2 harrowingHerse etrill§ Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 2 time cost
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount: 70N Total number of treatment reduce disease risk | application: and fungicide
operations reduce lodge risk
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No growth regulator
Total amount: 50N Total number of treatment reduce disease risk | application: and fungicide
operations reduce lodge risk
Organic Fertilization No Organic N fertilizer applications
Total number of treatment
operations
Molluscicide No TFI of Late sowing
Herbicide Beginning of Archipel (sulfonylurée) herbicide/fungicides/insecticides If mechanical Reduction of herbicide

TFI 0.5 (1 out of 2 years)

iversifying crop protection
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Pesticide mobility

efficient

Fungicide No Pesticide eco-toxicity Cultivar, late
Soil cover at pesticide sowing date, low
application sowing density,
Total number of treatment low N
operations fertilization
Insecticide May Mavrick flo (aphids) Extraordinary: only if| Late sowing date| Reduction of
TFI 0.1 (1 out of 10 years) 100% of ears have insecticide
more than 5 aphids No autumn insecticide
against aphids/BYD
Growth regulator No Late sowing, low
N fertilization,
low sowing
density
Other chemical No
product
Biological control Sowing Contans: 1kg Total number of treatment Biological control ®Economical No fungicide on WOSR
product (elicitor, operations against sclerotinia on cost and sunflower
pheromone...) WOSR and
sunflower (each year
Irrigation no Irrigation
Harvest Mid july Operation: classic (no additional cost)| Fuel consumption at harvest

Expected yield: 55g/ha

Straws exported

Stubble management

Avoid slugs

®Soil organic
matter

No molluscicide

POST-HARVEST
MANAGEMENT/

July (at harvest

Stubble breaking (covercrop)

Superficial tillage between crop,

(2]

pre drilling tillage

of wheat) Nb of operations: 1
From August to | Stale seedbed (lemken) Superficial tillage between crops Decrease autumn| ®Energy and Reduction of herbicide,
November Nb of operations : 4 weeds seedbank time cost no molluscicide on nex
Destruction of slug | ®Risk of nitrate | crop
eggs leaching

Intermediate crop

No

®Risk of nitrate
leaching

CROP 3: spring

Weeds early sowing to differentiate weed flora with $ower, mechanical weeding, herbicide if necessary

barley Diseasesresistant cultivar, low N fertilization
Lodging: low N fertilization
Slugs superficial tillage
Drilling February Cultivar: cultivar resistant against defigddditional seed cost of cultivar, ®Yield loss risk | No fungicide

dure

diseases
Non-treated seeds

yield reduction due to cultivar

due to cultivar
Collecting firms

iversifying crop protection
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often impose the
cultivar for
technological
quality

Combined tool (seeder+superficial tog
Nb of operations: 1 (count 2 in
DEXiPM because of combined tool)

ISuperficial tillage between crop

S

Sowing as soon as
possible: increase
spring weed
competitiveness
Differentiate weed
flora with sunflower

5 ©Sowing as
soon as possible
limit risk of
nitrate leaching

Density: 250 pl /m?

Sowing density

Mechanical weeding | Beginning of 1 harrowing Kerse etrillg Superficial tillage in crops ®Energy and Reduction of herbicide
March Nb of operations: 1 time cost
April 1 harrowing berse etrilld Superficial tillage in crops ®Energy and Reduction of herbicide
Nb of operations: 1 time cost
Mineral Fertilization February Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N No fungicide, no
Total amount: 70N Total number of treatment reduce disease risk | application: regulator

operations

reduce lodge risk

Organic Fertilization No
Molluscicide No TFI of
Herbicide end of march Embutone (against dicotyledonous) | herbicide/fungicides/insecticides If mechanical Reduction of herbicide
TFI 0.5 (1 out of 2 years) Total pesticide TFI weeding is not

Pesticide mobility efficient enough
Fungicide No Pesticide eco-toxicity Cultivar, low N

Soil cover at pesticide fertilization
Insecticide No application
Growth regulator No Total number of treatment Low N

operations fertilization
Other chemical No
product
Biological control Sowing Contans: 1kg Total number of treatment Biological control ®Economical No fungicide on WOSR
product (elicitor, operations against sclerotinia on cost and sunflower
pheromone...) WOSR and

sunflower (each year
Irrigation no
Harvest End of July Operation: classic (no additional cost) Fuel consumption at harvest
Expected yield 40 g/ha
POST-HARVEST End of July Stubble breaking (covercrop) Superficial tillage between crops
MANAGEMENT/ Nb of operations: 1
pre drillingyfillage Stale seedbed (lemken) Superfi Bve S ®Energy and Reduction of herbicide
=F
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Nb of operations : 2 time cost
®Risk of Nitrate
leaching

Intermediate crop no
CROP 4: alfalfa Weeds maximize soil cover (early sowing, mowing not foequent)
Drilling End of August Combined tool (seeder+superficial)tgoSuperficial tillage between crops
Nb of operation: 1 (count 2 in DEXiPM
because of combined tool)
Mechanical weeding No
Mineral Fertilization Beginning Nb operations: 1 Mineral P/K fertilizer
September Total amount (in FOs/K,0 kg/ha): applications
300K, 100P Total number of treatment
operations
Organic Fertilization No
Molluscicide No
Herbicide No Several mowing
Fungicide No
Insecticide No
Growth regulator No
Other chemical No
product
Biological control No
product (elicitor,
pheromone...)
Irrigation No
Harvest Beginning June, | Operations: 3 tools: mowing + Fuel consumption at harvest Early mowing to | ®Energy and
15 July, end of | windrowing @ndainage)t+ press : high avoid alfalfa time cost
August fuel cost seedbank constitution
Expected yield: 9t/year (4+3+2)
CROP 5: alfalfa
Mineral Fertilization | Autumn Nb operations: 1 Mineral K fertilizer applications
Total amount (in KO kg/ha): 200K Total number of treatment
operations
Harvest Beginning June, | Operations: 3 tools: mowing + Fuel consumption at harvest ®Energy and
15 July, end of | windrowing @ndainage)+ press: high time cost
August fuel cost
Expected yield: 9t/year (4+3+2)
POST-HARVEST September Mouldboard ploughing Deep tillage,ddlaype
MANAGEMENT/ (inversion)
pre drilliggadi r 1 harrowingpérse rotativg Superficial etw, ps Reductiomerbicide
diversifying crop protection Page 163 of o
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Nb of operations: 1

End October

Stale seedbed (lemken)
Nb of operations: 1

Superficial tillage between crop,

)

®Energy and
time cost
®Risk of Nitrate
leaching

Reduction of herbicide

Intermediate crop

no

CROP 6: winter
wheat

density)

Slugs late sowing

Diseaseslate sowing, cultivar mixture with resistant éutrs, low N fertilization, low density
Insects late sowing (autumn aphids), bearded cultivaasumral enemies favoured, insecticides if necessary
Lodging: late sowing

Weeds late sowing (false seedbed), mechanical weedimgng herbicide if necessary, low row spacing: petitiveness (effect of distribution of plants mthhan

Drilling

Early November

Cultivar: cultivar mixture (bearded,
resistant against aerial disease)
Non-treated seeds

Additional seed cost of cultivar,
yield reduction due to cultivar

®Yield loss risk
due to cultivar
and late sowing

No fungicide

Combined tool (seeder+superficial tog
Number of operations: 1 (count 2 in
DEXiPM because of combined tool)

Superficial tillage between crop

S

Late sowing: dise
susceptibility and
allow more false

Reduction of herbicide,
no autumn insecticide

seedbed
Density: 250 pl /m2 Sowing density Low row spacing: Reduction of herbicide
(low row spacing) competitiveness

— Wendure

Pesticide e ity

iversifying crop protection
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wheat because of

Mechanical weeding | Autumn 2 harrowingHerse etrill§ Superficial tillage in crops ®Energy and Reduction of herbicide
Number of operations: 2 time cost
Mineral Fertilization Mid March Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount; 60N Total number of treatment reduce disease risk | application:
operations reduce lodge
risk.
Less than in the
previous wheat
because of alfalfa
effect
Mid April Nb of operations: 1 Mineral N fertilizer applications| Low N application: | ©Low N
Total amount: 50N Total number of treatment reduce disease risk | application:
operations reduce lodge risk
Organic Fertilization No
Molluscicide No TFI of Late sowing
Herbicide May Archipel (sulfonylurée) herbicide/fungicides/insecticides If mechanical Less frequent in | Reduction of herbicide
TFI 0.25 (1/4 year) Total pesticide TFI weeding is not comparison with
Nb of operations: 1 Pesticide mobility efficient. the previous

-
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Soil cover at pesticide
application

alfalfa effect and
low row spacing

Total number of treatment (competitiveness
operations and mechanical
weeding
Fungicide No Cultivar, late No fungicide
sowing date, low
sowing density,
low N
fertilization
Insecticide May Mavrick flo (aphids) Extraordinary: only if| Late sowing date| Reduction of
TFI 0.1 (1 out of 10 years) 100% of ears have insecticide
more than 5 aphids No autumn insecticideg
against aphids/BYD
Growth regulator No Late sowing, low| No growth regulator
N fertilization,
low sowing
density
Other chemical No
product
Biological control Contans: 1kg Total number of treatment Biological control ®Economical No fungicide on WOSR
product (elicitor, operations against sclerotinia on cost and sunflower
pheromone...) WOSR and
sunflower (each year
Irrigation no
Harvest Mid July Operation: classic (no additional cost) Fuel consumption at harvest ©Higher
Expected yield 55q expected yield
because of alfalfa
effect (soil
structure)
Straws exported Stubble management Avoid slugs ®Saoil organic No molluscicide
content
POST-HARVEST Mid July Stubble breaking Superficial tillage between cragps
MANAGEMENT/
pre drilling tillage End of July False seedbed (lemken) Superficial tillage between crops ®Energy and
Nb of operation: 1 time cost
Intermediate catch Beginning of Mustard ©Lower risk of
crop August 12kg/ha nitrate leaching

dure

Broadcast sowing + harrowing + rollin
Number of operations: 3

g Superficial tillage between crop,

diversifying crop protection
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November

Mechanical breaking

Superficial tillagevireen crops

Reduction of herbicid
(No glyphosate)

CROP 7: sunflower

Weeds mechanical weeding
Diseasesresistant cultivar, biological control againskesotinia (contans)
Insects favour natural enemies against aphids

Drilling End of April Cultivar: early cultivar, multi-resisht | Additional seed cost of cultivar, No fungicide
Non-treated seeds yield reduction due to cultivar
Combined tool (seeder+superficial togl)Superficial tillage between crops
Number of operations: 1 (count 2 in
DEXiPM because of combined tool)
Density: 7 pl /m?2 Sowing density
Mechanical weeding | May-June 2 hoeingb{nage Superficial tillage in crops ®Energy and No herbicide
Number of operations: 2 time cost
Mineral Fertilization End of April Nb of operations : 1 Mineral P/K fertilizer ©No N because
Total amount: 100P, 150K applications of restitution by
Total number of treatment intermediate
operations catch crop
Organic Fertilization No
Molluscicide No
Herbicide No
Fungicide No Resistant cultival
Insecticide No
Growth regulator No on sunflower
Other chemical No
product
Biological control Contans: 1kg Total number of treatment Biological control ®Economical No fungicide

product (elicitor,
pheromone...)

operations

against sclerotinia on
WOSR and
sunflower (each year

cost

Irrigation

No

Harvest

End September

Operation: classic (no additionél) cos
Expected yield 25qg/ha

Fuel consumption at harvest

POST-HARVEST
MANAGEMENT/
pre drilling tillage

End of Stubble breaking (covercrop) Superficial tillage between crops  Limit weeds, Reduction of herbicide

September Nb of operations: 1 destruction of No molluscicide
seedlings (slugs)

Beginning False seedbed (lemken) Superficial tillage between crops  Limit weeds, ®Energy and Reduction of herbicide

October Nb of operations: 1 destruction of time cost No molluscicide

seedlings (slugs)

CROP 8: triticale

Weeds false seedbed, late sowing, high sowing densigghanical weeding
Diseasesresistant cultivar, late sowing, low N fertiliza

p Ul
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Slugs late sowing

Lodging: low N fertilization

Drilling

End of October

Cultivar: resistant
Non-treated seeds

Additional seed cost of cultivar,
yield reduction due to cultivar

®Yield loss risk
due to cultivar
and late sowing

No fungicide

Combined tool (seeder+superficial tog
Number of operations: 1 (count 2 in
DEXiPM because of combined tool)

ISuperficial tillage between crop

(2]

Density: 300 pl /m2
(high)

Sowing density

High density:
competitiveness
against weeds

Reduction of herbicide

Total amount: 70N

Total number of treatment

operations

fertilization than
wheat because o
sunflower as
preceding crop
(high N
consumption)

f

Mechanical weeding | Autumn 2 harrowingherse étrillg Superficial tillage in crops ®Energy and Reduction of herbicide
Number of operations: 2 time cost
Mineral Fertilization Beginning march| Nb of operations : 1 Mineral N fertilizer applications Higher N

Beginning April

Nb of operations : 1
Total amount; 80N

Mineral N fertilizer applications
Total number of treatment

Higher N
fertilization than

operations wheat because of

sunflower as
preceding crop
(high N
consumption)

Organic Fertilization No

Molluscicide No Late sowing

Herbicide No Late sowing,
mechanical
weeding

Fungicide No Cultivar, late
sowing date, low
N fertilization

Insecticide No

Growth regulator No Late sowing, low
N fertilization

Other chemical No

product »

“*Fendure 7
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Biological control
product (elicitor,
pheromone...)

Contans: 1kg

Total number of treatment
operations

Biological control
against sclerotinia on
WOSR and
sunflower (each year

®Economical
cost

No fungicide on WOSR
and sunflower

Irrigation

No

Harvest

Mid July

Operation: classic (no additional cost
Expected yield 52q

Fuel consumption at harvest

Straws exported

Avoid slugs

Soil organic
matter

No molluscicide

Wendure
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Germany

Appendix B: List of major pests in winter wheat, wnter barley and winter oilseed rape
for each country

Denmark

Al. Winter wheat -weeds(listing according to economic importance,)

Dicots Monocots Perennials
Tripleurospermum inodorum Apera spica-venti Elymapens
Papaver rhoeas Lolium perenne Cirsium arvensis
Galium aparine Alopecurus myosuroides Artemisigaub
Stellaria media Poa trivialis

Viola arvensis Poa annua

Capsella bursa-pastoris
Fallopia convolvulus
Polygonum aviculare

A2. Winter wheat -diseaseginformation available in wheat case study algalie German situation)

Air born Soil born Seed born Debris spread
Septoria leaf blotch  Take all Stinking smut Tilletia  Septoria leaf blotch
(Mycosphaerella (Gaeumannomyces tritici) (Mycosphaerella
graminicolg graminis var. triticj graminicolg

Leaf rust Puccinia Stinking smut Tilletia  Fusarium head blight Tan spot Pyrenophora
triticina) tritici ) (Fusarium spp. tritici-repentis)

Yellow (stripe) rust Ergot Claviceps Ergot Claviceps Eyespot (Oculimacula
(Puccinia striiformig  purpureg purpureg spp.)

Powdery mildew Leaf and Glume Fusarium head blight
(Blumeria graminis f. Blotch (Phaeosphaeria (Fusarium spp.

sp. tritici) nodorun)

A3. Winter wheat pests

Mobile Less mobile Soil born
Aphids / virus vector Orange wheat blossom midge Slugs Deroceras agreste & D.
(Sitobion avenae (Sitodiplosis mosellana reticulatum)

Metopolophium dirhodum
Rhopalosiphum padi)

B1l. Winter barley weeds

Dicots Monocots Perennials
Tripleurospermum inodorum Apera spica-venti Elymapens
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Papaver rhoeas Lolium perenne Cirsium arvensis
Galium aparine Alopecurus myosuroides Artemisigaub
Stellaria media Poa trivialis

Viola arvensis Poa annua

Capsella bursa-pastoris
Fallopia convolvulus
Polygonum aviculare
Persicaria maculosa

B2. Winter barley diseasegsmost of the problems are also relevant for spbiadey)

Air born Soil born Seed born Debris spread
Leaf rust Puccinia Smut Ustilago nuda  Net blotch

horde) f.sp. hordei (Pyrenophora teres
Mildew (Blumeria Leaf stripe

graminig (Drechslera graminea

Net blotch Net blotch

(Pyrenophora terés (Pyrenophora teres

Leaf scald Fusarium head blight

(Rhynchosporium (Fusarium spp.

secalig

B3. Winter barley pests(also relevant for spring barley apart from slugs)

Mobile Less mobile Soil born
Aphids / virus vector Slugs Deroceras agreste & D.
(Sitobion avenae, reticulatum)

Rhopalosiphum dirhodum,
Metopolophium padi

C1. Winter oil seed rapeweeds

Dicots Monocots Perennials
Sinapis arvensis Lolium perenne Elymus repens
Raphanus raphanistrum Alopecurus myosuroides Grrsawvensis
Capsella bursa-pastoris Volunteers (barley/wheat)

Tripleurospermum inodorum Apera spica-venti

Papaver rhoeas Poa annua

Galium aparine

C2. Winter oil seed rapediseaseginclude fungicide as a growth regulator)

Air born Soil born Seed born Debris spread

Alternaria @Qltenaria  Sclerotinia stemrot  Phoma (Phoma Phoma (Phoma

spp (sclerotinia lingam) lingam)
sclerotiun)

* Y O 4
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Phoma (Phoma Clubroot Alternaria @ltenaria
lingam) (Plasmodiophora spp
brassicae)

Grey rot (Botrytis
cinereg

C3. W. oil seed rapepests

Mobile Less mobile Soil born
Pollen beetleNleligethes Brassica pod midgdasineura Slugs Deroceras agreste & D.
aeneuy brassicag reticulatum)

Cabbage stem flea beetle
(Psylliodes chrysocepthala)
Cabbage seed weevil
(Ceutorhynchus assimi)is

France

Al. Winter wheat -weeds(listing according to economic importance)

Dicots Monocots Perennials

Galium aparine Alopecurus myosuroides Cirsium asi@n

Stellaria media Apera spica-venti Elymus repengt(iia
repens)

Viola arvensis Lolium perenne

Capsella bursa-pastoris Bromus sterilis

Sinapis arvensis Poa annua

Veronica hederifolia
Tripleurospermum inodorum

A2. Winter wheat — diseases (information availablevheat case study also for the German situation)

Air born Soil born Seed born Debris spread
Septoria tritici(all 1)  Take all Tilletia Septoria tritici(all 1)
Brown rust (FR 2) Tilletia Fusarium Tanspot

Yellow rust Ergot Ergot Eyespot

Powdery mildew Fusarium (FR 3)

‘FR 2" means that brown rust would be ranked sednrietance and ‘FR 3’ third in France

A3. Winter wheat — pests

Mobile Less mobile Soil born
Aphids / virus vector Orange wheat blossom midge Slugs
Sitobion avenae

Rhopalosiphum dirhodum

Rhopalosiphym padi

* Y O 4
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Dicots

Monocots Perennials

Galium aparine
Stellaria media

Viola arvensis

Capsella bursa-pastoris
Sinapis arvensis
Veronica hederifolia

Tripleurospermum inodorum

Cirsium asi®n
Elymus repengt(igiia
repens)

Alopecurus myosuroides
Apera spica-venti

Lolium perenne
Bromus sterilis
Poa annua

B2. Winter barley — diseases (most of the problamsalso relevant for spring barley)

Air born Soil born Seed born Debris spread
Brown rust Take all Ustilago Netblotch
Mildew Leaf stribe Rhynchosporium
Netblotch Netblotch Ramularia
Rhynchosporium Fusarium
Ramularia Ramularia

Rhynchosporium
B3. Winter barley — pests (also relevant for spbagey apart from slugs)
Mobile Less mobile Soil born
Aphids / virus vector Slugs
Sitobion avenae,
Rhopalosiphum dirhodum,
Rhopalosiphum padi
C1. Winter oil seed rape — weeds
Dicots Monocots Perennials
Sinapis arvensis Lolium perenne Elymus repens
Rhaphanus raphanistrum Alopecurus myosuroides @irdrvensis

Capsella bursa-partoris

Tripleurospermum inodorum

Geranium spp.
Calepina

Galium aparine
Orobanche ramosa

sendure
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C2. Winter oil seed rape — diseases (include fudegias a growth regulator)

Air born Soil born Seed born Debris spread
Altenaria Sclerotinia Phoma Phoma
Phoma Clubroot Altenaria

Botrytis Verticillium

Cylindrosporium

Erysiphe

crucuferarium

C3. W. oil seed rape — pests

Mobile Less mobile Soil born
Pollen beetle Brassica pod midge Slugs
Rape stem weevil

Cabbage stem flea beetle

Cabbage seed weeuvil

Myzus persicagvirus vector)

Pigeon

The UK

Al. Winter wheat -weeds(listing according to economic importance)

Dicots Monocots Perennials
Galium aparine Apera spica-venti Elymus repens
Tripleurospermum inodorum  Alopecurus myosuroides

Papaver rhoeas Lolium sp. Cirsium arvensis

Anisantha sterilis

Stellaria media Poa trivialis
Veronica persica
Viola arvensis Poa annua

Capsella bursa-pastoris

A2. Winter wheat — diseases (information available/heat case study also for the German situation)

Air born Soil born Seed born Debris spread
Septoria tritici(all 1)  Take all Tilletia Septoria tritici(all 1)

* Y T
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Brown rust (FR 2) Tilletia Fusarium Tanspot
Yellow rust Ergot Ergot Eyespot
Powdery mildew Fusarium

A3. Winter wheat — pests

Mobile Less mobile Soil born
Aphids important chiefly as ~ Orange wheat blossom midge Slugs
virus vectors in autumn: Wheat bulb fly

Sitobion avenae
Rhopalosiphum padi
Other aphids:
Metopolophium dirhodum

B1l. Winter barley — weeds

Dicots Monocots Perennials
Galium aparine Apera spica-venti Elymus repens
Tripleurospermum inodorum Alopecurus myosuroides

Papaver rhoeas Lolium sp. Cirsium arvensis

Anisantha sterilis
Stellaria media Poa trivialis
Veronica persica Poa annua
Viola arvensis
Capsella bursa-pastoris

B2. Winter barley — diseases (most of the problaresalso relevant for spring barley)

Air born Soil born Seed born Debris spread
Brown rust Take all Ustilago Netblotch
Mildew Leaf stribe Rhynchosporium
Netblotch Netblotch Ramularia
Rhynchosporium Fusarium

Ramularia Ramularia

Rhynchosporium

B3. Winter barley — pests (also relevant for spbagey apart from slugs)

Mobile Less mobile Soil born

Aphids important chiefly as Wheat bulb fly Slugs
virus vectors in autumn:

Sitobion avena®hopalosiphum

padi

* . P
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Other aphids:
Metopolophium dirhodum

C1. Winter oil seed rape — weeds

Dicots Monocots Perennials
Sinapis arvensis Lolium sp. Elymus repens
Rhaphanus raphanistrum Alopecurus myosuroides @irgrvensis
Galium aparine Volunteers (barley/wheat)

Capsella bursa-partoris

Tripleurospermum inodorum Apera spica-venti
Papaver rhoeas

Geranium spp.

Sonchus sp(?).

Calepina

Orobanche ramosa

C2. Winter oil seed rape — diseases (include fudgias a growth regulator)

Air born Soil born Seed born Debris spread
Altenaria Sclerotinia Phoma/canker Phoma/canker
Phoma/canker Clubroot Altenaria

Botrytis Verticillium

Cylindrosporium/ light

leaf spot

Erysiphe

crucuferarium

C3. W. oil seed rape — pests

Mobile Less mobile Soil born

Pollen beetle Brassica pod midge Slugs

Rape stem weeuvil
Cabbage seed weevil
Cabbage stem flea beetle
Cabbage stem weeuvil
Myzus persicagvirus vector)
Pigeon

Germany
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Appendix C: The impact of agronomic practices on weeds, diseasend invertebrate pests.

Weeds — France, results and experiences

Weeds in wheat and rape

Factor

Description

Source

Cultivars

Wheat: competitive cultivars : high tiileg ability, long stems, large planophilg
leaves.

Rape: high early vigor (i.e. high ealy relative \gtb rate (RGR) of leaf area) :
hybrids

Crop rotation

Diversified crop rotation (i.e. digdied sowing dates at the CS level) reduces
weed problems, especially those weeds with markestgence seasonality and
low seed persistence (typically : Alopecurus myogles). Therefore, crop
rotation should be diversified with (i) one earlyrisg sown crop (spring barley,
spring pea, spring faba bean, ...) AND (ii) one Iseing sown crop (sunflower
maize...).

Munier-Jolain, pers. Com.

Sowing date

Wheat and barley : Late sowing redinfestations of autumn emerging spec
with marked emergence seasonality (Alopecurus nrpades, Bromus sp.,
Lolium perenne). The effect is increased when aasstwith repeated shallow
cultivations before sowing (as shallow as possiligdse seed bed). The effect i
less important with species with prolonged emergehaing winter and early
spring (Galium aparine).

Rape : late sowing reduces the emergence of spaulieso emerge during
summer time (Geranium species) if associated \epeated shallow cultivations
before sowing (as shallow as possible : false bed{l Early sowing increases
the competitive ability against autumn-winter-sgremerging species
(Alopecurus myosuroides, Galium aparine, Cirsiunease), at least when N
availability in soils is high in autumn/spring.

eRasmussen 1. (2004)

1°2)

o

Tillage

Ploughing
Ploughing is efficient to manage weeds with lowdspersistence (Bromus sp.,

Colbachet al.

Alopecurus myosuroides, Apera spica-venti, Loliumtifiorum, Galium

aparine). But the frequency of ploughing might dejseon the crop rotation (on’e

Wendure
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replacing buried seeds back up into the top spdris). At least one ploughing
once in the rotation would be preferable to margrgses weeds. Less efficient
against weeds with long living seeds, but plougtstiiijhave a ‘diluting’ effect.

Shallow cultivations

False seed bed before each sowing when time ilbiaiAs shallow as possibl
to avoid bringing buried seeds back to the toprapefore sowing the crop.
Repeated cultivation are necessary (i) to maxirtiizenumber of germinations
(ii) to avoid excessive seedling growth that wordduce their mortality at the
subsequent shallow cultivation. Concentrate cuitives at the seasons when
species present are able to germinate. Use a shalidivating tool that is
efficient at killing seedling (shallow Goose-fottaped blades)

Early stubble cultivation might stop seed producid weeds, but might also
reduce seed predation (??7?)

Mechanical weeding Wheat : pre-emergence (autumshpast-emergence weed-harrow or rotary hdENDURE
Barley : pre-emergence (autumn) and post-emerg@aotemn, when possible)
weed-harrow or rotary hoe (barley is sown earhientwheat)
Rape : post emergence weed-harrow or rotary hea,ititer-row hoeings

Direct drilling in Direct drilling with a specific equipment withoutyasoil tillage reduces weed | Debaekeet al.

mulch

seed germination. A mulching with residues of ast@mrop might modify soil
temperature and also reduce weed emergence. Bigdm@que is not
compatible with the false seed bed technique. Aeddestruction of the cover
crop might require an herbicide (which is a probiéthe objective is to reduce
the reliance on herbicides), unless the chosenr@yop is sensitive to frost.

Nitrogen amounts

High nitrogen availability decesaw/eed growth in rape, increases weed gro
in wheat (ranking nitrophilly : Rape > weeds > wi)ea

Mtalentin-Morison

Nitrogen strategy

Crop density
Row spacing

Increasing crop density and decreasing row spaeitdigce weed growth (in
wheat, antagonistic with disease management, lghtrbe possible thanks to

Olsenet al, 2005
Munier-Jolain, 2004

late sowings and resistant genotypes)

ro
U | | -
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Weeds — Denmark, results and experiences

Weeds in winter wheat and barley

Factor

Description

Source

Variety

Varieties have different competitive alddg. Weed suppressive indexes have
been formulated for spring barley and winter whBéferences in competitive
ability may reach 60% between the most competitargety and the least.
Especially culm length is an important factor fariety competitiveness

Hanseret al. (2008),
Christensen (1995)

Crop density

Crop densities below 200 plantswill reduce crop competitiveness. Small
differences in the area of 250-400 plant& foor interaction with row spacing

Melanderet al (2003)

Crop establishment
pattern

Increasing row spacing reduces crop competiverggast weeds, especially forMelanderet al (2003), Olseret

spacing > 20 cm. Spatial uniformity of crop plastadlishment provides more
competition than row drilling. And increased seatis improves crop
competitiveness in a grid-like pattern

al. (2005)

Sowing date

Delaying sowing of winter wheat andtesimye by more than 14 days will
reduce weed numbers and the competitiveness diflissiad weeds. The effect i
winter barley is more vague due to its earlier smwi

Melander (1995)
n

Effects of nutrients

Fertiliser placement in sprimgproves crop yield and the more vigorous crop
growth might improve crop competitiveness althoaghconvincingly proved.
Increasing nitrogen input increases crop competi@ss while low N levels can
promote the proliferation of weeds.

Jarnsgaaret al (1996),
Melanderet al (2001),
Melanderet al (2003)

Tillage tactics

Ploughing generally leads to feweed problems that non-inversion tillage
especially if wintering crops are predominant ia tbtation. Stale seed bed
strategies can reduce the weed numbers emergthg trop and probably delay

their growth relative to the crop. However the ef$eare very dependent on soil

moisture and very dry weather may lead to oppwosgalts. Most weed seeds a
preserved when incorporated deeper than 1-2 cheisdil during the stubble
period.Bromusspecies appear to be the only species deviatimg finat rule.

Melander & Rasmussen (2001

Melanderet al (2008)

[€

Rotational effects

Blacksleal (2007),

wenadure
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preventive measures that can be taken against tedvareed growth. However,
rotations need to include a broad mixture of autwemsus spring sown crops,
monocot crops versus dicot and perennial cropsdally annual grass weeds
respond strongly to changes in crop rotation.

Melanderet al (2008)

Crop species

Introducing winter rye in the rotatiah improve crop competitiveness

Blackshawet al (2007)

Harvest time

Early harvest of wheat or barley as whole cropssilaige strongly prevents wee
seed production and shedding

dBlackshawet al. (2007)

Cover crops

Cover crops serving as living mulchesiliow periods that are knocked down
prior to crop planting to continue as a dead mutdctime crop have little value in
winter crops based cropping systems unless spowg srops are introduced in
the rotation

Teasdaleet al (2007)

Volunteers

Winter wheat volunteers may play a significant riol@ subsequent winter barle
crop. Stubble cultivation can stimulate germinaiwdmcrop seeds.

34

Margins management

Undesired weed seed spreadanaifoom cultivated field boundaries creatin
room for the growth of annual weed species. Howawargins can act as
barriers for the spread of especially perennialdsed the boundaries are
cultivated enough frequently to prevent weed seedyztion and vegetative
spread of perennials.

gMarshall (2009)

Landscape No specific impact identified Marshall (2009)
Solil type Sandy soil are known to host larger weeplulations than clayey soils
Climate? Rainy weather promotes weed growth in igém@ad couch grass in particular.

Increasing temperatures due to global warming ednae the effectiveness of
herbicides specifically making reduced doses inadtx

Weeds in winter oilseed rape

Factor

Description

Source

Variety

No information

Crop density ,

wenaure
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of plant numbers per f

Crop establishment
pattern

Generally high plasticity, row spacing of 50 cm ny&id as much as 12 cm royv
spacing.

Sowing date

No benefits of delaying sowing datdaied sowing may results in poor crop
establishment and development

Effects of nutrients

No specific information avaika but early and vigorous crop growth is import
for the competition again&inapis arvensis

ant

Tillage tactics

Ploughing generally leads to feweed problems that non-inversion tillage
especially if wintering crops are predominant ia thtation. Stale seed bed
strategies have limited effect because dry conultmften prevail before sowing
the oil seed rape. Inter-row hoeing in oil seecergmwn at 50 cm row spacing
can be very effective, usually requiring 1-2 treaiits in the autumn and 1 in th
spring

Rotational effects

Diverse crop rotations are pbbpamong the most efficient and reliable
preventive measures that can be taken against tedvareed growth. However,
rotations need to include a broad mixture of autwensus spring sown crops,
monocot crops versus dicot and perennial cropsedtally annual grass weeds
respond strongly to changes in crop rotation.

Blackshawet al (2007),
Melanderet al (2008)

Crop species

Introducing winter rye in the rotatiah improve crop competitiveness

Blackshawet al (2007)

Harvest time

Not relevant

Blackshawet al (2007)

Cover crops

The duration between harvest of thegoliag crop and winter oil seed rape is
too short for attaining any benefits from coverppimg in the fallow period.
Establishing oil seed rape successfully in a dealtims not possible.

Teasdalest al (2007)

Volunteers

Winter barley volunteers may play a significanerdbtubble cultivation can
stimulate germination of crop seeds but dry weadinerthe short duration from
harvest of winter barley to winter oil seed rapguees can reduce the effect

Margins management

Undesired weed seed spreadanalfoom cultivated field boundaries creatin
room for the growth of annual weed species. Howawargins can act as
barriers for the spread of especially perennialdse# the boundaries are
cultivated enough frequently to prevent weed seedyztion and vegetative

gMarshall (2009)

spread of perennials.
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Landscape No specific impact identified Marshall (2009)
Solil type Sandy soil are known to host larger weeplulations than clayey soils
Climate? Rainy weather promotes weed growth in igém@ad couch grass in particular.

Increasing temperatures due to global warming edunae the effectiveness of
herbicides specifically making reduced doses inadtx

Wendure
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Weeds — UK, results and experiences

Pest in crop Black-grassAlopecurus myosuroides) in winter cereals

Factor Description Source
Resistance genes Evolved herbicide resistance neseipt in many European countries,
particularly in the UK but increasing in France r@any and other countries topMOSS,  S.R. (2004

Enhanced metabolism widespread, but also ACCas@&k8darget site
resistance. Reduced availability of herbicide$ wdrease resistance issues.

Herbicide-resistant weeds

Communications
Agricultural  and
Biological SciencegUniversity
of Gent, Belgium9 (3), 3-11.

Europe: the wider implications
in
Applied

n

Previous crop
Frequency in rotation

Greatly favoured by autumn sown crops. The trenmidre autumn sown crops
is largely responsible for the increases in blacsg.

MOSS, S.R. (1980). The agr

Huds., in modern cereal grow,
systems. ADAS
Review 38, 170-191.

ecology and control of black
grass,Alopecurus myosuroide

Quatrterly

O
]

th

Sowing date

Favoured by early drilling, as a gnepteportion of plants then come up in the
crop, rather than pre drilling when they could bareneasily destroyed. Delayir]
sowing until spring should help greatly but diffican heavy soils and fewer
herbicides available in spring crops.

MOSS, S.R. (1985). The effe
of drilling date, pre-drilling

Alopecurus
(black-grass) populations
winter cereals. InProceedings
of the Association of Applig
Biologists Aspects of Applie
Biology 9: Conference on th
Biology and Control of Weeg
in Cereals31-39.

cultivations and herbicides @
myosuroide

n P oo
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Tillage

Greatly favoured by non-inversion tillageless high levels of control can be
achieved. More uniform germination with minimurteiye can potentially
improve control by herbicides. Herbicide resiseamcreases faster in non-
inversion tillage. Increase in surface soil organatter after prolonged
minimum tillage can potentially reduced activityresidual herbicides.

POLLARD, F., MOSS, S.R.,
CUSSANS, G.W. & FROUD-
WILLIAMS, R.J. (1982). The
influence of tillage on the wee
flora in a succession of winter

wheat crops on a clay loam sai

and a silt loam soilWeed
Researcl?2, 129-136.
MOSS, S.R. (1979).
influence of tillage and methqg
of straw disposal on

survival and growth o
black-grass, Alopecurus
myosuroidesand its control by
chlortoluron and isoproturor
Annals of Applied Biologp4,
212-126.

The

thf

Debris

May reduce activity of herbicides due to interceptibut only in extreme cases

Volunteers

Not relevant.

Nitrogen amounts

Very tolerant of a wide range pblk certainly responds positively to increas
N fertilizer levels. Relative response of blackgg v cereal to increasing N
levels is difficult to define.

NYJOSS, S.R., STORKEY, J

CUSSANS, J, PERRYMAN
S.AM. & HEWITT, M.V.
(2004).
term experiment a
Rothamsted: what has it told
about weeds? Weed Scienc
52, 864-873.

The Broadbalk long

—

Nitrogen strategy

Manipulating N level as a weendta strategy is not a realistic option.

Wendure
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Crop density
Row spacing

Crop density has a moderate effect on black-graes: cereal densities (<120
plants/m2) are especially vulnerable. Above 25@aeplants/m2, little

additional reduction in black-grass. Crop denkitgely effects heads per plant
and hence seed return, rather than weed planttdemM&arrow row spacing
potentially reduced black-grass, but to a limitegreée compared with spacings
of 12.5 cm. Wider spacings likely to be much mautnerable to black-grass.

MOSS, S.R. (1985). Th
influence of crop variety an
seed rate on Alopecurus
myosuroides competition in
winter cereals. InProceedings
of the 1985 British Crop
Protection Conference - Wee(s
701-708.

O D

Margins management

Not particularly relevant aslblgrass not a dominant species in field margin

v

Landscape

Not relevant

Soil type

Favoured by heavy soils or on lightefsswiith impeded drainage. Rarely a
problem on sandy soils.

MOSS, S.R. (1980). The agr
ecology and control of black
grass,Alopecurus myosuroides
Huds., in modern cereal growth
systems. ADAS  Quarterly
Review 38, 170-191.

O
T

Climate?

Favoured by cool temperate winter conatj@s occur in western Europe.
Discouraged by colder winter conditions, as in @rand eastern Europe and
Scandinavia. Debatable whether recent increaseuthern Sweden is due to
milder winter conditions (global warming?) or maméensive cropping.

MOSS, S.R. (1980). The agr
ecology and control of black
grass,Alopecurus myosuroides
Huds., in modern cereal growth
systems. ADAS  Quarterly
Review 38, 170-191.

O
]
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Pest in crop Rye-grassl(olium spp.) in winter cereals

Factor

Description

Source

Resistance genes

Evolved herbicide resistance neseipt in many European countries. Enhan
metabolism widespread, but also to a lesser eX€Qtase and ALS target site
resistance. Reduced availability of herbicide$ wdrease resistance issues.

deOCKER, K.M.,
NORTHCROFT, D. S.
COLEMAN, J.0.D. & MOSS
S.R. (2001). Resistance
ACCase inhibiting herbicide

and isoproturon in UK

populations of  Lolium
multifiorumt  mechanisms o
resistance and implications f

control. Pest Management

Science 57, 587-597.

ALARCON-REVERTE, R. &
MOSS, S.R. (2008).
Resistance to ACCas
inhibiting herbicides in the
weed Lolium  multiflorum

Communications in

Agricultural and  Applied
Biological SciencegUniversity
of Gent, Belgiumy3 (4), 899-
902.

to

[72)

==

Previous crop
Frequency in rotation

Favoured by autumn sown crops. The trend to maiaan sown crops is

largely responsible for the increases in rye-gr&®ge-grass is a major forage
grass and hence is sown very widely on stock fdomsnay become a major
weed in arable crops. However, most cases in UBaat are on all-arable farm
where no rye-grass has been sown for 25+ years.

MOSS, S.R., HORSEWELL,
J., FROUD-WILLIAMS, R.J.
& NDOPING, M.M. (1993).
simplications of herbicide
resistantolium multiflorum
(Italian ryegrass). In:
Proceedings of the Associatio

of Applied Biologists Aspects

! diversifying crop protection
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Applied Biology35:
Conference on Volunteer Croy
as Weed$3-60.

DS

arable phase of rotation on mixed farms.

Sowing date Favoured by early drilling, as a grepteportion of plants then come up in the
crop, rather than pre drilling when they could bareneasily destroyed. Delaying
sowing until spring should help greatly but diffican heavy soils and fewer
herbicides available in spring crops.

Tillage Favoured by non-inversion tillage unlesghievels of control can be achieved, MOSS, S.R. (2005).
More uniform germination with minimum tillage cantpntially improve control| Managing  herbicide-resista
by herbicides. Herbicide resistance increasesifasinon-inversion tillage. rye-grass. In:42nd Annual
Increase in surface soil organic matter after prgéml minimum tillage can review of Weed Contrpl 40-
potentially reduced activity of residual herbicides 47. British Crop Protectio

Council.
Debris May reduce activity of herbicides due to interceptibut only in extreme cases
Volunteers Rye-grass volunteers from grasslandepbas be source of weed infestation in ORSON, J. & MOSS, S. R.

(2007). Effective, sustainable
Italian rye-grass control in
winter cereals HGCA Topic
sheet 100.2pp.

Nitrogen amounts

Certainly responds positivelynimreéasing N fertilizer levels. Relative respons
of rye-grass v cereal to increasing N levels ifidift to define.

e

Nitrogen strategy

Manipulating N level as a weedt strategy is not a realistic option.

Crop density
Row spacing

Crop density has a moderate effect on rye-grassv dereal densities (<120
plants/m2) are especially vulnerable. Above 25@aleplants/mz2, little
additional reduction in rye-grass. Crop densitgddy effects heads per plant,
and hence seed return, rather than weed planttdem&irrow row spacing
potentially reduced rye-grass, but to a limitedrdegcompared with spacings o
12.5 cm. Wider spacings likely to be much morenetéble to rye-grass.

ALARCON-REVERTE, R. &
MOSS, S. R. (2007). The
agro-ecology of Italian rye-
grass [Lolium multiflorun) as a
weed of arable crops. In:
Proceedings of the 4
European Weed Research
Society Symposium, Hamar,
Norway,164.

S

Sowing rye-grass for grass malgs potential for rye-grass

i (Tl
¥ | |
diversifying crop protection
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a weed in the cropped area.

(2007). Effective, sustainable
Italian rye-grass control in
winter cereals HGCA Topic
sheet 100.2pp.

Landscape Not relevant
Solil type Grows on a wide range of sails.
Climate? Different species favoured by differemineltes. Italian rye-grastdglium

multiflorum) favoured by cooler temperate conditions (e.g. Wiereas Rigid
rye-grassl(olium rigidum favoured by hotter conditions (absent from UK).

Pest in crop: Broad-leaved weeds Cleaver&élium aparine), Chickweed Stellaria media), Poppy Papaver rhoeas), Scentless
mayweed {Tripleurospermum inodorum) in winter cereals

Factor

Description

Source

Resistance genes

Evolved ALS target site herbrasistance now present in poppy in several
countries (e,g. UK, Spain, Italy Greece) and irckiveed and mayweed at a
lesser frequency. Lack of enhanced metabolismsteesie and wider availability
of effective alternatives means that resistandgaad-leaved weeds less of an
issue than in grass-weeds, but reduced availabiliberbicides will increase
resistance issues.

MARSHALL, R., MOSS, S. R.
& TATNELL, L. (2009).
Control of ALS-resistant
chickweed and poppy in
cereals.HGCA Information
Sheet Topic 062pp.

Previous crop
Frequency in rotation

Cleavers is definitely favoured by autumn sown ping; the other species to a
lesser degree.

Sowing date Much less influential with broad-leaveskds compared with annual grasses.

Tillage In contrast to annual grass weeds, broaddd weeds tend to be favoured by
ploughing. Non-inversion tillage tends to leaddgwer broad-leaved weeds, but
more grass weeds.

Debris May reduce activity of herbicides due to interceptibut only in extreme cases

Volunteers Not relevant.

Nitrogen amaopunts

wenaure
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Cleavers and chickweed responsiiy@ly to increasi fert'!!izer levels.
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These four species are major weeds largely dugeiodbility to continue to
compete with the crop at high N levels. Many otli@nual broad-leaved weeds
greatly discouraged by increasing N fertilizer.

Nitrogen strategy

Reducing N level likely to incseaghe impact of many broad-leaved weeds.

Crop density
Row spacing

Crop density has a moderate effect on broad-leewssdls competition. Narrow
row spacing potentially reduced broad-leaved weéagsct. Wider spacings

likely to be much more vulnerable, although maymgemechanical weed contro

which is more effective against broad-leaved thasgrweeds.

Margins management

Margins can potentially acbasce of infestation for some broad-leaved wee
(eg cleavers) but other species are adapted trlolest habitats (cultivated fields
and so do not flourish in field margins.

ds

N

Landscape Not relevant.

Soil type Cleavers and chickweed favoured by moastetentive soils. Other two species
less soil specific.

Climate? Cleavers and chickweed favoured by cdelaperate conditions (e.g. UK).

Other two species less specific.

Pest in crop: Common couchElymusrepens) in winter cereals

Factor

Description

Source

Resistance genes

No evolved herbicide resistancel fanywhere worldwide in this species,
probably because it is primarily a perennial. @latifferences in response to
herbicides likely, but little researched.

Previous crop
Frequency in rotation

In past couch was favoured by autumn sown cropgiregto reduced time
available for cultural control. Use of glyphoshtes eliminated couch as a maj
weed problem in cereals.

Sowing date

Mainly a factor in relation to applioatdate of glyphosate.

Tillage

Greatly favoured by non-inversion tillagspecially direct drilling.

POLLARD, F., MOSS, S,R.
CUSSANS, G.W. & FROUD-
WILLIAMS, R.J. (1982). The
influence of tillage on the wee

flora in a succession of winter

endure
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wheat crops on a clay loam saqi

and a silt loam soiWeed
Researcl?22, 129-136.

Debris

May reduce activity of herbicides due to interceptibut only in extreme cases

Volunteers

Not relevant.

Nitrogen amounts

Increased nitrogen tends to fagergals and helps suppress couch to some
degree.

Nitrogen strategy

Manipulating N level as a weedt strategy is not a realistic option.

Crop density
Row spacing

Crop density has a moderate effect on couch. dMarow spacing potentially
reduce competition from couch. Wider spacingslyike be much more
vulnerable.

Margins management

Margins can act as source @gtation for couch.

Landscape Not relevant.
Soil type Couch favoured by moisture retentivessoil
Climate? Couch favoured by cooler temperate cambt{e.g. UK).

Pest in crop Black-grassAlopecurus myosuroides) in winter oilseed rape

Factor Description Source
Resistance genes Evolved herbicide resistance neseipt in many European countries, Enhanced
metabolism widespread, but also ACCase and AL®taite resistance. OilseedMOSS,  S.R. (2004

rape plays a key role in the management of registaok-grass in a rotation, as
several herbicides used in this crop are unaffdayeesistance (propyzamide,
carbetamide, metazachlor)

Herbicide-resistant weeds

Europe: the wider implications
Communications in
Agricultural and  Applied

Biological SciencegUniversity
of Gent, Belgium9 (3), 3-11.

Previous crop
Frequency in rotation

Greatly favoured by autumn sown crops. The trenmidre autumn sown crops
is largely responsible for the increases in blasg. Oilseed rape generally

follows a winter cereal and thus infestations ia thpe are driven by seeds she
in this previous cereal

MOSS, S.R. (1980). The agr

dgrass,Alopecurus myosuroide
Huds., in modern cereal grow,

ecology and control of black

n

O
]

th

systems. ADAS  Quarterly
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Review 38, 170-191.
Sowing date Early sowing tends to favour the grositthe crop. Thus weed competition is| LUTMAN, P.J.W. & DIXON,
lower in crops sown in August and early Septemlhater sown crops are less | F.L. (1990) The competitive
vigorous and more vulnerable to competition fromsgrweeds (including. effects of volunteer barley
myosuroidep (Hordeum vulgargon the
growth of oilseed rape
(Brassica napus Annals of
Applied Biology,117, 633-644.
Tillage Black-grass is favoured by non inversidlagie and direct drilling and reduced | POLLARD, F., MOSS, S.R.,
by ploughing. However, in oilseed rape the impddtllage on crop CUSSANS, G.W. & FROUD-
establishment is equally significant. Thus a westiablished direct drilled crop | WILLIAMS, R.J. (1982). The
can be much more suppressive of grass weeds tleas well established crop | influence of tillage on the wee
after ploughing. flora in a succession of winter
wheat crops on a clay loam sai
and a silt loam soiWeed
Researct?22, 129-136.
Debris May reduce crop establishment, thus reducing tigyabf the crop to suppress
weeds. May also reduce activity of herbicides wui@terception, but only in
extreme cases.
Volunteers Not relevant.

Nitrogen amounts

Black-grass is very tolerant wfide range of N, but certainly responds
positively to increasing N fertilizer levels. Tleas still debate as to whether
autumn nitrogen improves the rape crop’s competisilility.

Nitrogen strategy

Manipulating N treatments as adveontrol strategy is not a realistic option.

Crop density
Row spacing

The ability of oilseed rape to branch and thus cemspte for low crop density ig
well-known. Populations of 40 plants/man yield as well as 150 planfim
Consequently, increasing crop density has only yimal effect on the
competitive impact of weeds. Crop densities haveet extremely low (<20
plants/nf) before the weeds (including black-grass) berfiefin the increased
space.

v

| t
diversifying crop protection
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Landscape Not relevant
Solil type Favoured by heavy soils, or on lightalsseith impeded drainage. Rarelya | MOSS, S.R. (1980). The agr
problem on sandy soils. ecology and control of black

grass,Alopecurus myosuroide
Huds., in modern cereal growth
systems. ADAS  Quarterly
Review 38, 170-191.

Climate? Favoured by cool temperate winter conatj@s occur in western Europe. MOSS, S.R. (1980). The agr

Discouraged by colder winter conditions, as in c@rand eastern Europe and
Scandinavia. Debatable whether recent increaseuthern Sweden is due to
milder winter conditions (global warming?) or maméensive cropping.

ecology and control of black

grass,Alopecurus myosuroide

Huds., in modern cereal growth

systems. ADAS  Quarterly
Review 38, 170-191.
Pest in crop: volunteer cereals in winter oilseethpe
Factor Description Source
Resistance genes Volunteer cereals are suscefatibliethe main grass weed herbicides used in
oilseed rape
Previous crop The presence of volunteer cereals in rape depantieegresence of seeds shed

Frequency in rotation

from the previous cereal crop

Sowing date

Early sowing tends to favour the groeftthe crop. Thus weed competition is
lower in crops sown in August and early Septemlh@ter sown crops are less
vigorous and more vulnerable to competition fronunteer cereals

LUTMAN, P.J.W. & DIXON,
F.L. (1990) The competitive
effects of volunteer barley
(Hordeum vulgargon the
growth of oilseed rape
(Brassica napus Annals of

Applied Biology,117, 633-644.

Wendure
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Tillage This weed is promoted by non-inversioraik and especially direct drilling.
Volunteer cereals are not a problem if land is glead prior to sowing rape.

Debris May reduce crop establishment, thus reducing tiigyatf the crop to suppress
weeds.

Volunteers n/a

Nitrogen amounts

Both rape and volunteer cerea|sored positively to increasing N fertilizer
levels, so N cannot be used to tip the balancavodr of the crop.

Nitrogen strategy

Manipulating N level as a weedt strategy is not a realistic option.

Crop density
Row spacing

The ability of oilseed rape to branch and thus cemspate for low crop density ig
well-known. Populations of 40 plantsian yield as well as 150 planfim
Consequently, increasing crop density has only @yimal effect on the
competitive impact of weeds. Crop densities haveet extremely low (<20
plants/nf) before the weeds (including vol. cereals) berfafin the increased
space.

Margins management

Not relevant as volunteer ceeeae from seed shed from the previous crop

Landscape

Not relevant

Solil type

Present on all soils

Climate?

Pest in crop: Broad-leaved weeds Cleaver&élium aparine), Chickweed Stellaria media), Poppy Papaver rhoeas), Scentless
mayweed {Tripleurospermum inodorum) and Charlock (Sinapis arvensis) in winter oilseed rape

Factor

Description

Source

Resistance genes

Resistance is not yet an issekiion to the control of the major broad-leave
weeds in rape.

d

Previous crop
Frequency in rotation

All these species are common in autumn-sown cr@sarlock is particularly
difficult to control in rape and so the weed tetmlgcrease if rape is sown too
frequently.

Sowing date

As with the grass weeds, early-sowa tapds to be more competitive against

broad-leaved species, though the evidence of ea equivocal

! diversifying crop protection
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G.M. & WHYTOCK, G.P.
(2000) Response of oilseed
rape to interference from
Stellaria media Weed
Research40, 255-270.
LUTMAN, P.J.W,
BOWERMAN, P., PALMER,
G.M. & WHYTOCK, G.P.
(1993) The competitive effect
of broad-leaved weeds in
winter oilseed rape.
Proceedings 1993 Brighton
Crop Protection Conference
(Weeds);1023-1028.

[2)

Tillage

Non-inversion tillage tends to lead to feweoad-leaved weeds, but effects are

not as clear cut as they are for annual grassasiatibns in seed persistence ar
germination response to light impact on the resparishese broad-leaved wee
to cultivation.

D

nd
ds

Debris

May reduce activity of herbicides due to interceptibut only in extreme cases
May also impact on seed germination

Volunteers

Not relevant.

Nitrogen amounts

Cleavers and chickweed responitiyig to increasing N fertilizer levels but s
does the crop. The other species are less resgonNittogen use does not hav
a major effect on the competitive impact of theseas.

(@)

D

Nitrogen strategy

Crop density
Row spacing

The ability of oilseed rape to branch and thus cemspte for a low crop density
is well-known. Populations of 40 plants/oan yield as well as 150 planfm
Consequently, increasing crop density has only iyimal effect on the
competitive impact of broad-leaved weeds.

LUTMAN, P.J.W,
BOWERMAN, P., PALMER,
G.M. & WHYTOCK, G.P.
(1993) The competitive effect
of broad-leaved weeds in
winter oilseed rape.
Proceedings 1993 Brighton
Crop Protection Conference
(Weeds);1023-1028.

: LI
Uulrs
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Margins management| Margins can potentially acoasce of infestation for some broad-leaved weeds
(eg cleavers) but it is not relevant to most aswlaegin habitat is not suited to
their biology.
Landscape Not relevant.
Solil type Cleavers and chickweed favoured by magstetentive soils. Other two species
less soil specific.
Climate? Severe winters are effective in killingadbck. So milder winters arising from | LUTMAN, P.J.W,

climate change would result in greater survival arate competition from this
weed. Cleavers are most competitive as the crapresin July and so
particularly dry summers will reduce the effectgto$ weed.

BOWERMAN, P., PALMER,
G.M. & WHYTOCK, G.P.
(1995) A comparison of the
competitive effects of eleven
weed species on the growth and
yield of oilseed rape.
Proceedings 1995 Brighton
Crop Protection Conference

(Weeds)877-882.

Pest in crop: Common couchElymusrepens) in winter oilseed rape

Factor Description Source

Resistance genes No evolved herbicide resistancel fanywhere worldwide in this species,
probably because it is primarily a perennial. @latifferences in response to
herbicides likely, but little researched.

Previous crop In past couch was favoured by autumn sown cropgiregto reduced time

Frequency in rotation | available for cultural control. Use of glyphoshtes eliminated couch as a major
weed problem in cereals.

Sowing date Mainly a factor in relation to applioatdate of glyphosate.

Tillage Greatly favoured by non-inversion tillagspecially direct drilling.

Debris May reduce activity of herbicides due to interceptibut only in extreme cases

Volunteers Not relevant.

Nitrogen amoynts bme

wenaure
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degree.

Nitrogen strategy

Manipulating N level as a weendta strategy is not a realistic option.

Crop density
Row spacing

The ability of oilseed rape to branch and thus cemspte for a low crop density
is well-known. Populations of 40 plants/oan yield as well as 150 planfm
Consequently, increasing crop density has only yimal effect on the
competitive impact of common couch.

Margins management

Margins can act as source @gtation for couch.

Landscape

Not relevant.

Solil type

Couch favoured by moisture retentivessoil

Climate?

Couch favoured by cooler temperate cambt{e.g. UK).

Appendix C, cultural practises impact on pest, disease and wegdCereal pests

Denmark

Deroceras agreste or D. reticulatum (Slugs) in Ceads (In DK: Snegle)

Factor Source

Resistance genes Not relevant for the Danish farmer

Previous crop The frequency of cereals is of little importandehk previous crop has a moist

Frequency in rotation | microclimate, the slug population will increase.

Sowing date Late sowing increases the risk of kttéhis is because an early sown crop is
more established when the attack occurs.

Tillage Inverting tillage has a great reducing imipan the slug population. The longer
the soil is “black” after harvest of the previouse and before sowing, the more
slugs are killed. If the tillage is followed by nawing, it is possible to keep the
slugs stressed and at the same time reduce thenaofaavailable food. On
heavy clay soils, reduced tillage may reduce shoplpms, because the loose Soil
it leaves is a poorer habitat for the slugs.

By removing debris, it is easier to dry out thd,s@hereby the slugs are killed.

Debris

At the same time the food supply is kept at a

! diversifying crop protection
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Volunteers Not of particular importance

Nitrogen amounts Healthy plants are more likelgdovive an attack of slugs than stressed plant

Nitrogen strategy Follow the general guidelinesféstilization during the growing season.

Crop density Not of practical importance as a control option

Row spacing

Landscape In terms of slug problems, moisture is essentibér&fore avoid growing
sensitive crops near forests, lakes, streams etc.

Solil type Slugs are mainly a problem on clay soils

Climate? As the slugs are dependent on moistusartave, rainy periods promote the
activity and therefore the risk of attack. They mviater as eggs, but as the
temperature increases, adults may also survive.

e £y =
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Oulema melanopus & O. lichenis (Cereal leaf beetlay Cereals (In DK: Kornbladbille)

Factor Source

Resistance genes No resistant varieties availaliteetDanish farmers.

Previous crop Not of particular importance

Frequency in rotation

Sowing date Not of particular importance

Tillage Not of particular importance, as the beetterwinters on trees and in forests
surrounding the fields

Debris Not of particular importance

Volunteers Not of particular importance

Nitrogen amounts High nitrogen status promotes lopwveent of leaf beetles. With the nitrogen | Planteinfo
levels used in DK, this is however of little praeti importance

Nitrogen strategy Follow the general guidelinesféstilization in the growing season

Crop density Not of particular importance

Row spacing

Landscape In areas with large amount of overwintering platksre is an increased risk of
early attack in the spring

Solil type Not of particular importance

Climate? At temperatures above 10°C the beetleststamerge, if there is plenty of light. Planteinfo
The egg laying does not start before the temperagaches 19-20°C (warm and

dry days)

Wendure
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Contarinia tritici & Sitodiplosis mosellana (lemon & orange wheat blossom midge) in Cereals (In DK: Guhvedegalmyg & orangegul

hvedegalmyg)

Factor

Source

Resistance genes

There are wheat varieties onahisibmarket, which are resistant towards theNielsen (2007)

orange wheat blossom midge but not lemon blossaigeniThese varieties

contain certain types of organic acids in the graivhich are not palatable for the

larvae. They therefore starve and dye.

Previous crop
Frequency in rotation

As the larva overwinters in the soil, there is ghleir risk of attack, if cereals are
grown often. Wheat after wheat has been founddeease the population. The
larvae are also able to remain in a dormant statedveral years on the soil
surface, meaning that in practise it is difficaltuse the crop rotation for contro
purposes. The crops in the neighbouring fieldstaeeefore of higher importanc

Nielsen (2007)

D

Sowing date Not of particular importance

Tillage No clear data for the influence of tillage the occurrence of lemon and orange
wheat blossom midge. Some evidence however sutiggseduced tillage may
promote the occurrence

Debris Not of particular importance

Volunteers Not of particular importance

Nitrogen amounts

Healthy plants are more likelwithstand attack of the wheat blossom midge

Nitrogen strategy

Follow the general guidelinesféstilization during the growing season

Crop density

Not of particular importance

Row spacing

Landscape Not of particular importance

Solil type Attacks have been observed on all spiésy

Climate? As the wheat blossom midge is a fragilenah windy and unfavourable weather

conditions in general will inhibit large movemenisit however sunny and cal
weather, attacks are more likely to occur. FT
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Rhopalosiphum padi, Sitobion avenae & Metopolophiundirhodum (aphids) in Cereals (In DK: Bladlus)

Factor

Source

Resistance genes

There are no resistant varigtdalale to the Danish farmers.

Previous crop
Frequency in rotation

If the previous crop is a grass, and direct sousngsed, aphids may be a
problem in the autumn, due to the risk of Barleyie Dwarf Virus (BYDV)

Sowing date The more the sowing of the winter densadelayed, the less risk there is for
spread of BYDV

Tillage Inverting tillage and other actions remayihe debris of monocots will reduce
the risk of attack

Debris Not of particular importance, as the aplodly survive on living plants

Volunteers May be a problem as some aphids overwinter on gsasisis therefore an

advantage with some sort of stubble cultivation esmoves the living places g
the aphids

f

Nitrogen amounts

A high nitrogen status favoursapleids, as the plant material stays green an
therefore more attractive for a longer period. Buthe limitations on nitrogen
use in Denmark, this is however of little importanc

dNielsen & Jensen (2001)

Nitrogen strategy

Follow the general guidelines smmbmmendations during the growing seaso
to avoid severe aphid attack

Crop density

Not of particular importance

Row spacing

Landscape Not of particular importance

Soil type Attacks of aphids occurs on all soiltypes

Climate? Aphids benefit from warm and dry condisioAt 15-20°C it takes 10 days to

develop a generation. Lower temperatures and maiather slows down the
development, and heavy rain may even kill thousafdghids. Strong winds

and high temperatures also limits the developmetiteoaphids.

Wendure
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the 18" of March 2009]. Last revised %f May 2007. Available on the internet: <URL:
http://www.Ir.dk/planteavl/informationsserier/plantyt/plnyt 2007-384.htm
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Appendix C, cultural practises impact on pest, disease and wegdCereal pests

UK

BYDV transmission to winter wheat and winter barleyby Sitobion avenae and Rhopal osiphum padi

Factor Description Source
Resistance Some cv are less susceptible to aphids but there tsie resistance.

genes

Previous crop | Aphids tend to be more abundant following an arabdg but previous crop has no(Fosteret al, 2004)
Frequency in influence on virus levels

rotation

Sowing date Early sowing likely lead to more vittensmission by cereal aphids on cereals | (Fosteret al, 2004)

(BYDV) [and byMyzus persicaen oilseed rape (BWYV)].

Late sowing dates may lead to more losses du@i¢s sl

Tillage Many pest problems may become worse witkrision tillage as many invertebrate(Stinner & House, 1990)
predators and are damaged by ploughing. Diredtrdyiis likely to be of most (Holland, 2004)

benefit to predators.
Direct drilling likely to be cause more virus tramssion unless herbicide is used (o
control volunteers (see below).

Debris Debris on or near the surface is likeljnwease slug problems (Stinner & House, 1990)
Volunteers BYDV transmission is likely to be worse if voluntegrovide a ‘green bridge’

between one year’s cereal crop and the next isdhee field.
Weeds Virus levels are higher in weedy fields. (Fosteret al, 2004)
Nitrogen Not a big problem. Too much nitrogen can lead tgdaphid populations but also

amounts . increased plant vigour. Other problems such adﬂtﬁ;nore imEortant.
Yendure Page 201 of {? g
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Nitrogen
strategy
Crop density Reduced crop density is likely to lead increasarty@act of slug damage.
Row spacing Increased crop density increases virus transmissiamnter as aphids can walk
between plants.
Margin Diverse margins and beetle banks are likely tocedphid pest problems.
management | Absence of hedges associated with more aphids. (Fosteret al., 2004)
Landscape No simple relationship exists between aphid numhangs levels and landscape QuiFosteret al, 2004)
a landscape with much non-arable land use, espewidh grass (such as
grazing), was often associated with more aphidddss clearly with virus.
Solil type Soils with a high clay content are lesgolurable to both aphids and virus is less | (Fosteret al, 2004)
abundant on crops in clay soils, though not stesily significantly so.
Climate? Warm winters and warm wet summers woutdei@se the severity of aphid pests.
Field aspect, latitude and proximity to the coafiience aphid abundance.
UK

Orange wheat blossom midge in cereals

Factor

Description

Source

Resistance genes

Resistance genes exist but nothyretad-making wheats

Previous crop

Problems likely to be worse in wheat following whaa the pest overwinters in

Freguency in rotation the soil.
Sowing date
Tillage Minimum cultivation after cereal crop i&dly to enhance survival of the pest bufergusoret al,, 2007)
also to enhance survival of its parasitoid.
Debris No data
Volunteers No data
Nitrogen amounts No data
Nitrogen strategy No data
Crop density No data
Row spacing
No data

Sargin manal;ement
diversifying crop protection
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Landscape No specific data. Diverse landscapelikahg to reduce pest problems

Soil type No data. Likely to have an influencelss pest and its parasitoid both overwinter
in the soil.

Climate?

UK

Slugs on winter wheat and winter barley

Factor Description Source

Resistance None

genes

Previous crop
Frequency in

Less risk after oilseed rape as there is less si¢hee below).

rotation
Sowing date Late sowing dates are likely to leachtwe losses due to slugs.
Tillage Slug problems may increase with reducedagd. (Holland, 2004; Stinner & House,
1990)
Debris Debris on or near the surface is likely to increslsg problems
Volunteers No data
Nitrogen No data
amounts
Nitrogen No data
strategy
Crop density Reduced crop density is likely to lead increasartgact of slug damage.
Row spacing
Margin Diverse margins and beetle banks are likely tocediug problems as carabids are
management major predators of slugs.
Landscape
giltype 4
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| Climate? | Hotter, drier climates would reduce slugptems

UK

Wheat bulb fly on winter wheat and winter barley

Factor Description Source

Resistance

genes

Previous crop | Early-harvested crops or crops that leave bareegpibsed (potatoes, sugar beet, réditp://www.hgca.com/minisite_man

Frequency in | beet and field vegetables) provide egg-laying sitesincrease risk. ager.output/3158/3158/Knowledge

rotation %20Centre/Pest%20Management/

Less of a risk when cereals following cereals. Wheat%20Bulb%20Fly.mspx?mini

siteld=11

Sowing date Late sown or backward crops are mariskat http://www.hgca.com/document.as
px?fn=load&media_id=167&publi
cationld=276

Tillage

Debris

Volunteers

Nitrogen

amounts

Nitrogen

strategy

Crop density Reduced tiller density increases the risk. http://www.hgca.com/document.as

Row spacing px?fn=load&media_id=167&publi
cationld=276

Margin

management

Landscape

wendure Page 204 of :* *
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Solil type
Climate?

UK
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Appendix C, cultural practises impact on pest, disease and wegdilseed rape pests

All countries

Psylliodes chrysocephala (UK: cabbage stem flea beetle; DK: rapsjordloppeFR: altise d’hiver du colza) in oilseed rape
Factor Source

Resistance There are no cultivars available with resistaneeatds the cabbage stem flea beetle
genes
Previous crop | No data
Frequency in

rotation
Sowing date Earlier-sown crops tend to suffer nseneere cabbage stem flea beetle damage in the@versigten (2008)
UK and Denmark probably because there are a linmtedber of early-emerging | http://www.hgca.com/document.
crops available and it is warmer so that beetlesvare active. aspx?fn=load&media_id=168&
By contrast, early-sown organic crops but tendesliféer less damage in France. publicationld=276

‘ Ure n_ﬁ (Valantin-Morisonet al, 2007)
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Tillage Shallow tillage reduced damage in orgaméps in France and infestation in Germany(Dosdallet al, 1999; Ulber &
Studies in Canada with different species of fleatleesupport this. Schierbaum-Schickler, 2003;
Valantin-Morisonet al, 2007)
Minimum cultivation after oilseed rape enhancewisat of parasitoid wasps. (Klingenberg & Ulber, 1994)
Debris Stubble and debris reduced infestation in Germany. (Ulber & Schierbaum-Schickler
2003)
Volunteers No data
Nitrogen In conventionally managed crops in Austria thers wa influence of nitrogen rates | (Zalleret al, 2008a; Zalleet
amounts from 45-125 kg/ha. al., 2008b)
In organic crops in France (soil N levels 54-33fky, infestation was greater in crops(Valantin-Morisonet al, 2007)
grown in soils with more nitrogen.
Nitrogen No data
strategy
Margin No data
management
Crop density | In organic crops in France, infestation was lessaps sown at higher densities. Studi€galantin-Morisonet al, 2007)
Row spacing in Canada with different species of flea beetlepsuied this in two out of three (Dosdallet al,, 1999)
years.
Landscape In organic crops in France, regions with a highepprtion of OSR in the landscape | (Valantin-Morisonet al, 2007)
were less infested.
In organic crops in France, some evidence for amed infestation in less woody (Valantin-Morisonet al,, 2007)
landscapes.
Solil type No data
Climate? The beetles are capable to survive atéomperatures during the winter. Moisture hasPlanteinfo

proved to be of importance to the development efibetles. In the spring and summ
the activity of the beetles is favoured by higlemperatures.

er,
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Phyllotreta spp. (cabbage flea beetles; FR: altises des cifeces / petites altises) in oilseed rape. Moredguent in France in recent
years; not considered a pest of winter oilseed rape the UK

Factor Description Source
Resistance genes None

Previous crop More risk to spring oilseed rape crops if wintdseed rape is present.

Frequency in rotation

Sowing date More risk with early sowings of wintéiseed rape CETIOM
Tillage No data

Debris No data

Volunteers No data

Nitrogen amounts No data

Nitrogen strategy No data

Crop density No data

Row spacing

Margins management| Most damage is around therii@idjin but no data on effect of margin management
Landscape No data

Soil type No data

Climate? No data

All countries

Meligethes aeneus (UK: pollen beetle; DK: glimmerbgsse; FR: méligetes des cruciferes) in oilseed rape

Factor Source
Resistance No resistance genes identified. http://www.hgca.com/document.
genes Varietal associations and restored hybrids may beemulnerable to this pest, losing | aspx?fn=load&media_id=168&

more yield because male fertile plants are attaeketcross pollination is reduced.

publicationld=276

Previous crop
Frequency in
rotation

In Austria, no effect of previous crop on polleretie infestation.

(Zalleet al, 2008a)

http://www.hgca.com/documen

i t kward crops suffer more damageaiti. (Late-sow“s_g% backward ir
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the spring if they suffer slug, frost or pigeon deay®)

aspx?fn=load&media id=168&
publicationld=276

It.

Tillage Minimum cultivation after oilseed rape enhas survival of parasitoid wasps. http://www.hgca.com/documen
aspx?fn=load&media_id=168&
publicationld=276
(Fergusoret al, 2007;
Klingenberg & Ulber, 1994;
Nilsson, 1985; Nitzsche &
Ulber, 1998)

Debris No data, unlikely to have an effect.

Volunteers No data. Early-flowering volunteers may attracti@olbeetles. This could increase or

reduce damage to crop plants.
Nitrogen Healthy plants with good growth are generally mioiterant of attack, why it is
amounts important that the plants have a good supply ofients
Low levels of nitrogen are likely to reduce abilitycompensate for pollen beetle (Nilsson 1994; Valantin-
damage, as indicated by studies on organic cropsaince (soil N levels 54-335 Morisonet al, 2007)
kg/ha)
In conventionally managed crops in Austria thers wa influence of nitrogen rates (zaller et al, 2008a; Zalleet
from 45-125 kg/ha. al., 2008b)

Nitrogen

strategy

Crop density | Low plant densities are less susceptible in coneerally-grown crops in France. With | CETIOM trial in 2005

Row spacing | the increase of plant density the bud stage dwimgh plants are susceptible to pollen

beetle is longer. Branching of the flowering raceamkess and so there is less
opportunity for compensation.
By contrast, in organic fields in France, high pldensity was associated with lower | (Valantin-Morisonet al, 2007)
crop damage.
In Austria there was no effect of crop density. (Zalleret al,, 2008a)
Margin In Germany old field margins were associated wittreased rates of parasitism by | (Thies & Tscharntke, 1999;
management_ parasitoids. In Switzerland, the same effect was@ated with wild flower strips. | Buchi, 2002)

la

's€&8be complexity

#rSermany pollen beetle activity wasatiegly correlate
|\

(Treesl, 2003)

! diversifying crop protection
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(% non crop area) and parasitism rates were pekijtcorrelated with landscape
complexity but unrelated to % oilseed rape crop.are

By contrast, in Austria, the abundance of polleetles was positively related to % non{Zaller et al, 2008b)

crop area (and to woody areas) and negatively til€éed rape area.
These differences may be due to methodologicatmiffces and differences in non-cro
landscape compaosition.

P

Solil type In Austria pollen beetles were more alaumdn crops grown on soils with higher yield (Zaller et al, 2008b)
potential.
Climate? No data. The relative phenology of pobleetles and flowering is critical. If beetles
emerge from overwintering earlier relative to tlewelopment of the inflorescence,
arriving on the crop at bud stage, the pest witidnee more serious.
Beetles start immigrating to crops when the tentpeea reach 13-15°C in the spring.
All countries

Ceutorhynchus obstrictus, syn C. assimilis (UK: cabbage seed weevil; DK: skulpesnudebille; FRecharancon des siliques)

Factor Source

Resistance genes No genes identified

Previous crop No data

Frequency in rotation

Sowing date The seed weevil becomes active atainiecd flowering of winter oilseed rape.
For this reason, in Denmark spring sown oilseeeé ia@ttacked to a lesser extent
than winter oilseed rape.

Tillage No data. Seed weevil parasitoids do notwirger in the soil.

Debris Unlikely to have any influence

Volunteers No data

Nitrogen amounts A well established crop will alwadglerate a more severe attack compared tq a
stressed crop (DK)

{r

g Follow the general guidelineagsure optimal nn% the crop (DK
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Crop density No data

Row spacing

Margin management No data

Landscape The weevil overwinters in leaf litter in hedges,ositand boundaries etc. (Dmoch & Klimek, 1975)

As the weevil is very mobile, local changes toldrescape may not influence
infestation (DK).

Solil type No data
Climate? No data. Spring flight threshold is ddittigher than pollen beetle
All countries

Ceutorhynchus napi (rape winter stem weevil; FR: Charancon de la tigelu colza); Ceutorhynchus pallidactylus (cabbage stem weeuvil;
FR: Charancon de la tige du chou) in oilseed rap&B: not significant UK pests

Factor Description Source
Resistance genes No genes identified
Previous crop In Austria, no effect of previous crop on stem wkieestation. (Zalleret al.,, 2008a)
Frequency in rotation
Sowing date In organic fields in France, later smndates were associated with increased | (Valantin-Morisonet al, 2007)
damage.
Tillage Minimum cultivation after oilseed rape enhas survival of parasitoid wasps. | (Fergusoret al, 2007;
Klingenberg & Ulber, 1994)
Debris No data
Volunteers No data
Nitrogen amounts In organic fields in France (dblevels 54-335 kg/ha), increased soil nitrogen (Valantin-Morisonet al, 2007)
was associated with reduced damage.
Nitrogen strategy There is some evidence that asae nitrogen increases infestation in Croatig.(Culjak et al, 2009)
In conventionally managed crops in Austria thers wa influence of nitrogen | (Zalleret al, 2008a; Zalleet
rates from 45-125 kg/ha. al., 2008b)
Crop density In organic fields in France, higher plant densigsvassociated with reduced (Valantin-Morisonet al, 2007)
Row spacing damage.

1 A | In conventionally grown crops in France there W crops sown|aEETIOM
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high densities

Margin management

No data

Landscape

No clear relationship between infestation and ttop@rtion of land under OSR
in organic fields in France.

Stem weevil abundance was negatively related tptbgortion of land under
OSR in Austria (is this a newer OSR-growing arearagitism rates were
low.)

Stem weevil abundance was positively related taldgree of isolation from
other OSR fields in Austria.

No clear effect of the degree of woodiness of #melscape in organic fields in
France.

In Austria, stem weevil infestations increased vinitreased woodland in the
landscape.

(Valantin-Morisonet al, 2007)

(Zalleret al,, 2008b)

(Zalleret al, 2008b)
(Valantin-Morisonet al, 2007)

(Zalleret al, 2008b)

Solil type

In Austria stem weevils were more abumdacrops grown on soils with highe
yield capacity

(Zalleret al, 2008a)

Climate?

More injurious in dry years

CETIOM

All countries

Dasineura brassicae (UK: brassica pod midge; DK: skulpegalmyg; FR: céomyie des siliques) in oilseed rape

Factor

Source

Resistance genes

No genes identified

Previous crop
Frequency in rotation

In Austria, there was no effect of previous croprdiestation.

However, brassica pod midge overwinters in thelseileath the crop, therefore
repeated oilseed rape crops or short rotationgdinaf oilseed rape are likel
to exacerbate this pest.

y

(Zalleret al,, 2008a)
(Alford et al, 2003)
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Sowing date No data
Tillage Minimum cultivation after oilseed rape enhas survival of a parasitoid wasp | (Fergusoret al,, 2007)
but also enhances survival of the pest.
Debris No data
Volunteers No data
jtrogen amopnts . In conventionally managed cropAustria there inf e of nitrogen (Zadleal., 2008a; Zalleet
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rates from 45-125 kg/ha.
A well established crop will always tolerate a msesere attack compared to g
stressed crop (DK)

al., 2008b)

Nitrogen strategy

No data

Crop density
Row spacing

In Austria no effect of crop density.

(Zalleret al,, 2008a)

Margin management

Often insecticide treatment @fettige of the crop is enough as this insect is \
edge-distributed

&DETIOM

Landscape In Austria, pod midge infestations increased wittréased woodland and (Zalleret al,, 2008b)
landscape diversity.

The pod midge is a rather fragile animal, which raaly able to fly over short
distances.

Solil type Moist soils promote the hatching of tloel pnidge (DK)

Climate? There are 3 generations of the pod migigeyeyear in DK and UK, two on
winter rape and one on spring rape.

All countries

Deroceras agreste or D. Reticulatum (UK: slugs; DK: agersnegle; FR: limace) in oilseedape

Factor Source

Resistance genes No resistance genes

Previous crop The frequency of oilseed rape is of little impodanas long as a proper crop

Frequency in rotation | rotation is used. If the previous crop has a muistoclimate, the slug
population will increase.

Sowing date The longer the soil is crop free befmwing, the more slugs are killed. This is
however difficult to manage in practical farming,taere is too little time
between harvest of the previous crop and sowingimter oilseed rape.

Tillage Inversion tillage reduces slug populatidfighe tillage is followed by harrowing,
it is possible to keep the slugs stressed anceagame time reduce the amount |of
available food.

Debris By removing debris, it is easier to dry out thd,sehereby the slugs are killed.

At the same time the food supply is kept at a minim

Volunteers Not of particular importance

wenaure
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Nitrogen amounts Healthy plants are more likelguovive pest attacks

Nitrogen strategy No data

Crop density Crops sown at low densities are at greater risk

Row spacing

Landscape Moisture is essential to slugs.
Therefore avoid growing sensitive crops near fardakes, streams etc (DK)

Solil type Slugs are more a problematic on clayssoil

Climate? Wet weather promotes slug survival antiigeeind therefore the risk of attack,
In DK they overwinter as eggs, but as the tempeganhcreases, adults may alsp
survive, as they do in UK.

France

Deliaradicum (cabbage root fly; FR: mouche du chou) in oils rape

Factor Description Source
Sowing date Much more frequent in early sowings CETIOM
France

Brevicoryne brassicae (cabbage aphid; FR: puceron cendré du chou) in gked rape:

Factor Description

Insecticide Pyrethroid-resistant cabbage aphidst @xiFrance.

Oilseed rape insect pests, all countries: Referees

Alford, D., Nilsson, C. & Ulber, B. 2003. Insect$?e of Oilseed Rape Crops. b: Alford (ed.) Biocontrol of Oilseed Rape PestgdlL
Blackwell Publishing, Oxford: 9-42.

Buchi, R. 2002: Mortality of pollen beetl®€ligethesspp.) larvae due to predators and parasitoidsga fields and the effect of conservation
strips. Agric. Ecosyst. Environ. 90:255-263.
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Thies, C. & Tscharntke, T. 1999: Landscape strec&mnd biological control in agroecosystems. Sci@&e893-895.
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Zaller, J.G., Moser, D., Drapela, T., Schmoger&®rank, T. 2008b: Insect pests in winter oilseapler affected by field and landscape
characteristics. Basic Appl. Ecol. 9:682-690.

Diseases in barley — all countries

Fusarium head blight

Factor Description Source
Resistance genes Varieties with good resistanckrangn, but differences are less clear compar&ahi G 2004
with wheat.
Previous crop Maize as previous crop has been found to incrdeseagk of fusarium head
Frequency in rotation | blight. Wheat has also been found to potentialtyease the risk in some
regions.
Sowing date Not found to be of specific importance
Tillage Ploughing decreases the risk by removigutum.
Minimal tillage significantly increases the risk @rcereal follows maize.
Debris Crop debris on the surface increases the risksefadie development.
Volunteers No information available.
Nitrogen amounts Literature describes the risktoaase following high N —levels. Practical
importance unclear.
Nitrogen strategy No information available.
Crop density No information available
Row spacing
Landscape No information available
Solil type No information available
Climate Wet and humid conditions during heading #omering stimulate attack (GS 51-
69)

! diversifying crop protection Page 215 of e



diversifying crop protection

ENDURE - Deliverable DR2.16

N G
Page 216 of EEs s



ENDURE - Deliverable DR2.16

Powdery Mildew in barley

Factor Description Source

Resistance genes Varieties with good resistancknaren, and help to reduce disease levels. Mangifipe
genes are used and described but also non-spesigtance genes are known to be of
importance, In particular cultivars with Mlo resiste genes have given stable degrees of
resistance.

Previous crop If volunteers have been removedrtipact is small

Sowing date Early sowing is known to increase disdavel in autumn, but this rarely have impact on
disease levels in spring. Late sowing in the autbhasbeen seen to increase disease level in
spring, as the very young plants in spring gengeak more susceptible than early sown
crops.

Tillage Ploughing has been found to increase sieaf mildew compared with minimal tillage. It is
the increased mineralization of nitrogen followplgughing, which stimulates a more severe
attack.

Debris and Debris does not directly influence disease levelgddew is an obligate parasite. Fields

volunteers with volunteers are an important source of inocuasiit serves as a green bridge for the

spread of the disease between seasons. Histonwiallgr barley was banned in some
countries in order to minimize the risk of mildemvspring barley.

Nitrogen amounts

High nitrogen use increases theegibility of the crop due to higher N concentnain
leaves, easier penetration of the fungus. Posalbtydue to denser crop with higher levels
humidity, which stimulates the epidemic.

Jensen & Munk
of

Nitrogen strategy

Spilt strategies of N are lelsslyi to encourage high disease levels compareithgtes
applications of a single high level

Crop density

High crop density stimulates mildewelepment as the humidity in the crop favours dise
development. Overlapping in headlands often hagkdrilevels of attack.

a

Landscape

The attacks are known to be more severe near hadges low and humid parts (black
soils) of the field.

Soil type

Sandy soils are known to stimulate tlsease development. This is often related to
manganese deficiency which makes the crop morespgimmildew, It might also be related
to the crop being more exposed to stress on thudlseos higher levels of leaf wetness due
higher differences between plant and soil tempesatuStress in the form of drought can
also increase the risk of mildew.

to

Climate

l I relative humidity above 95%. Free water inhibiterepgerrn ien. Upggdry conditions
diversifying cropLIprotection Page 217 of s
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| spores can be formed in about seven days. |

Rhynchosporium in barley

Factor Description Source
Resistance genes Varieties with good resistanckenanen, and help to reduce disease levels. Specific
genes are known and described.
Previous crop If the previous crop was barley thleis increased
Seed born The disease is seedborne. So seed toedtealthy seed is important.
Sowing date Early sowing increase the risk as rif@®&yclus can be going on.
Tillage Ploughing has been found to decrease #keofirhynchosporium as it helps to
remove inocullum compared with minimal tillage..
Debris and Debris may directly influence disease levels asdierspores are released from crop
volunteers debris in the autumn. Volunteers may also actssuace of inoculum.

Nitrogen amounts

High nitrogen amounts increasmotoe extend the susceptibility of the crop. The
effect is not believed to be of major importancéhim commercially used rates

Jenkyn & Griffiths (1978)

Nitrogen strategy

No information available

Crop density

No information available

Landscape No specific information is known
Soil type No specific information is known
Climate Dry weather reduces the risk as the diseasds humidty to stimulate developmennt,

preferably during 2 days. Optimal temperatureslar@5 C. Attack developing
between first node and heading are most yield rieguc

Wendure
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Net blotch in barle

y

Factor

Description

Source

Resistance genes

Varieties with good resistancknanen, and help to reduce disease levels. Sped
genes are known and described.

ific

Previous crop

If the previous crop was barley thleis increased

Seed born The disease is seedborne. So seed toedtealthy seed is important.

Sowing date No information available

Tillage Ploughing has been found to decrease $keofirhynchosporium as it helps to
remove inoculum compared with minimal tillage..

Debris and Debris may directly influence disease levels asdierspores are released from crop

volunteers debris in the autumn. Volunteers may also actssuace of inoculum.

Nitrogen amounts

High nitrogen amounts increas®otoe extend the susceptibility of the crop. The
effect is not believed to be of major importancéhim commercially used rates

Nitrogen strategy

No information available

Crop density

No information available

Landscape No specific information is known
Solil type No specific information is known
Climate Dry weather reduces the risk as the diseaeds humidity to stimulate development

Optimal temperatures are 15-20 C. Attack developetgveen first node and headi

are most yield reducing.

v
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Eyespot in barley

Factor Description Source

Resistance genes No specific information aboustasce available in barley. The problems in spring
barley are small and not relevant but the diseaseoccur in winter barley.

Previous crop Wheat and other cereals increasessthfor attack. Non-cereal crops such as
oilseed rape, etc reduce the risk

Sowing date Early sowing is known to increase dise&sk. Late sowing is seen to decrease the
disease level as epidemic generally gets delayed.

Tillage Ploughing can increase the risk — thougtiid due to increased N-mineralization

coupled with deeper drilling. Direct drilling caeduce disease levels as plants have
a more open habit with greater air movement. Plowggban preserve crop debris and
then increase the risk once it is brought backé¢osurface.

Debris and Debris may directly influence disease levels asatie as both ascospores and
volunteers condiospores are released from crop debris inuhevan.

Nitrogen amounts | High nitrogen amounts increas®ioe extent the susceptibility of the crop.

Nitrogen strategy | No information available

Crop density High crop density stimulates developinas the humidity increases in a dense crop
stand.
Landscape No specific information is known
Solil type No specific differences seen
Climate Dry weather reduces the risk as the dispageularly during elongation the crop a<Clark et al.

the crop escape the attack by fast growth. Infaabiccurs at temperatures above 5 C
and during wet periods.
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Brown rust in barley

Factor

Description

Source

Resistance genes

Varieties with good resistancknanen, and help to reduce disease levels. Many
specific genes are used and described but alsspexific resistance genes are
known to be of importance

y Daset al 2007.

Previous crop

High proportions of susceptible wageand infected barley crops in the previous
year increases the risk of attack as high leveisafulum potentially can survive to
the next season.

Sowing date Early sowing is known to increase disdavel in autumn. Late sowing in the
autumn has been seen to increase disease ley®ing,sas the very young plants ir
spring generally are more susceptible than easynsoops.

Tillage No information available.

Debris and Debris does not directly influence disease levelmddew is an obligate parasite.

volunteers Fields with volunteers are an important sourcenotulum as it serves as a green

bridge for the spread of the disease between season

Nitrogen amounts

High nitrogen amounts increasetiseeptibility of the crop due to high nitrogen
concentrations in leaf tissues, easier penetratighants and possibly due to dense
crop with higher levels of humidity.

=

Nitrogen strategy

No information available

Crop density

No information available.

Landscape No information available.
Solil type No information available.
Climate Severe frosts during the winter will redtice inoculum and help to reduce diseasg

levels. However, within plants the fungus can stenat very low temperatures. In

the spring in mild weather the fungus starts tongamd produces active sporulating
lesions. Temperature at 15-22 C and relative hitynad 100% are optimal for spor
germination, penetration and production of new epofhe disease is most comm

b=

in warm summers
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DasMK; Griffey,CA,Baldwin BD;Waldenmaier, CM. VaugiME,Price AM & Brookes. 2007. Host resistance anjicide control of Brown
rust,in barley and effect on grain yield and yietanponents. Crop Protection v ol. 26, 1422-1430.

Diseases in wheat — all countries

Fusarium head blight

Factor

Description

Source

Resistance genes

Varieties with good resistancknangn, and may help to reduce disease levels
Several non-specific genes are used and descriggehd1 from Chinese spring
wheat. Different types of resistance are descriBedistance to initial infection (typ
), resistance to pathogen (type Il), ability tggclede mycotoxins (type Il and V), or
resistance to grain infection (type Mjall cultivars are often seen to be less
susceptible (longer distance for inoculum to spye@thk and compact heads are
known to increase the risk of attack. Open flowgimcrease the risk of infection.

5.Bai G 2004
Buerstmayeet al 2009
e Hilton et al 1999,
Skinneset al 2008
Parryet al, 1995 ; Mesterhazy,
1999 ; Bushnelét al, 2003

Previous crop
Frequency in rotation

Maize as previous crop has been found to incrdesegk of fusarium head blight
Wheat has also been found to potentially increlaseisk in some regions.

. Data from DAAS
Parryet al, 1995

Sowing date Not found to be of specific importance
Tillage Ploughing decreases the risk by removigutum. Batemaret al 2007
Minimal tillage significantly increases the risk @mwheat follows maize or wheatMcMullen et al, 1997

Debris Crop debris on the surface increases the risksefadie development. Jargensen & Olsen, 2007
Batemaret al 2007
Xu 2003;Parryet al, 1995 ;
Shaner, 2003

Volunteers No information available.

Nitrogen amounts

Literature describes the risktoaase following high N —levels. Practical
importance unclear.

Heieret al 2005
Lemmenset al 2004
Champeilet al, 2004

Nitrogen strategy

No information available.

Crop density

No information available

Data from DAAS

Row spacing
Landscape No information available
Solil type . No information available

Wendure
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Climate

69)

Wet and humid conditions during heading #omering stimulate attack (GS 51-

Xu 2003;Parryet al, 1995

Powdery Mildew in wheat

Factor

Description

Source

Resistance genes

Varieties with good resistancknaren, and help to reduce disease levels. Mangifipe
genes are used and described but also non-spesigtance genes are known to be of
importance

Xiu-Qiang Huang 2004
Lillemo et al. 2008

Previous crop

If volunteers have been removedritipact is small

Sowing date

Early sowing is known to increase digdavel in autumn, but this rarely have impact on

Data from DAAS

disease levels in spring. Late sowing in the authasbeen seen to increase disease leveldargensent al. 1997

spring, as the very young plants in spring gengeakk more susceptible than early sown
Ccrops.

Tillage

Ploughing has been found to increase #ileaf mildew compared with minimal tillage. It i
the increased mineralization of nitrogen followlgughing, which stimulates a more sev
attack.

5 Jargensen & Olsen (2006)
bre

Debris and
volunteers

Debris does not directly influence disease levelmadew is an obligate parasite. Fields
with volunteers are an important source of inocubsit serves as a green bridge for the
spread of the disease between seasons.

Nitrogen amounts

High nitrogen use increases theegibility of the crop due to higher N concentnain
leaves, easier penetration of the fungus. Posalbtydue to denser crop with higher levelg
humidity, which stimulates the epidemic.

Oleseret al 2003
of

Nitrogen strategy

Spilt strategies of N are lelsslyi to encourage high disease levels comparethgtes
applications of a single high level

Oleseret al 2003

Crop density

High crop density stimulates mildewalepment as the humidity in the crop favours dise
development. Overlapping in headlands often hagkdrilevels of attack.

algrgensent al 1997

manganese deficiency which makes the crop morespimmildew, It might also be related
to the crop being more exposed to stress on tlwglseos higher levels of leaf wetness due
higher differences between plant and soil tempesatuStress in the form of drought can
also increase the risk of mildew.

Landscape The attacks are known to be more severe near hedges low and humid parts (black Bjerreet al 2006
soils) of the field.
Soil type Sandy soils are known to stimulate tisease development. This is often related to Data from DAAS

to

w

s temperatures rise in the spring, dormaytelium start ores are quickl

[ | ll
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produced. The disease is not very temperature depealthough 15 C is optimal with diseases
relative humidity above 95%. Free water inhibitergpgermination. Under dry conditions
spores can be formed in about seven days.
Septoria in wheat
Factor Description Source
Resistance genes Varieties with good resistancknangn, and help to reduce disease levels. Specifsrown et al 2001
genes are known and described but also non-speesfistance genes are known tp

be of importance

Previous crop

High proportions of wheat in the crofation increase the proportion of inoculum
and risk for attack. In areas with lots of whéew kevel of ascospores will be high.

Sowing date Early sowing is known to increase disdavel in autumn, which again can result idgrgenseet al 1997
higher disease levels in spring and summer. Laténgpcan decrease disease levels
as the epidemic is generally delayed

Tillage Ploughing has been found to increase #leaf septoria compared with minimal | Jargensen & Olsen (2006)
tillage. This might be related to an increased Maralization following ploughing
which can stimulate a more severe attack.

Debris and Debris may directly influence disease levels apgsures are released from crop

volunteers debris in the autumn. Volunteers are not imporégansource of inoculum as they wijll

typically be destroyed before the attack becomssali

Nitrogen amounts

High nitrogen amounts increasmtoe extend the susceptibility of the crop. The
effect is not believed to be of major importancéwm commercially used rates (12
200kg/ha).

Olesenret al 2003
)_

Nitrogen strategy

Spilt strategies have been seeseduce the attack compared with single
applications.

Olesenret al 2003

Crop density

Low crop density stimulates septoeaaliopment as the disease is spread up the

crop by rainsplash which is more effective in tl@naorops. Dense crops may reduc

rainsplash but have in some trials been founddrease the risk, possibly due to
higher humidity in the crop.

Jargenseet al 1997
e

Landscape No specific information is known
Solil type No specific information is known
Climate Dry weather reduces the risk as the diseasds 48 hours of humidty to stimulate| The encyclopaedia of cereal

evelopment. Optimal temperatures are 15-20 C

diseases

L1
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Eyespot in wheat

Factor

Description

Source

Resistance genes

Varieties with moderate resisgmoes are known, and help to reduce disease
levels.

Murry et al 1995
Hugguet Robertst al 2001

Previous crop

Wheat and other cereals increasessthfor attack. Non-cereal crops such as
oilseed rape, etc reduce the risk

Schulzet al. 1990

Sowing date

Early sowing is known to increase diseg&sk. Late sowing is seen to decrease th
disease level as epidemic generally gets delayédnWheat is sown after wheat i
is recommended if possible and practical to del@ysbwing time to minimize the
risk.

eSchulzet al 1990

Tillage

Ploughing can increase the risk — thoughtie due to increased N-mineralization
coupled with deeper drilling. Direct drilling caeduce disease levels as plants ha
a more open habit with greater air movement. Plowgban preserve crop debris @
then increase the risk once it is brought backé¢osurface.

Schulzet al 1990
ve
nd

Debris and
volunteers

Debris may directly influence disease levels asafis as both ascospores and
condiospores are released from crop debris inuhevan.

Nitrogen amounts

High nitrogen amounts increasmtoe extent the susceptibility of the crop.

Nitrogen strategy

No information available

Crop density

High crop density stimulates developinas the humidity increases in a dense cr¢
stand.

dargenseet al 1997

Landscape No specific information is known
Solil type No specific differences seen in some twesother see some differences. Scletilal 1990
Climate Dry weather reduces the risk as the dispadeularly during elongation the crop asThe encyclopaedia of cereal

the crop escape the attack by fast growth. Infaabiccurs at temperatures above 5

@iseases

and during wet periods.

Wendure
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yellow rust in wheat

Factor

Description

Source

Resistance genes

Varieties with good resistancknanen, and help to reduce disease levels. Many Hovmgller, 2007

specific genes are used and described but alsspexific resistance genes are
known to be of importance

Barianaet al. 2001
Singhet al 2000

Previous crop

High proportions of susceptible wageand infected wheat in the previous year
increases the risk of attack as high levels ofuham potentially can survive to the
next season.

Gladderset al 2007

Sowing date Early sowing is known to increase disdavel in autumn. Late sowing in the Gladderset al 2007
autumn has been seen to increase disease ley®ing,sas the very young plants ir
spring generally are more susceptible than easynsoops.

Tillage No information available.

Debris and Debris does not directly influence disease levelmddew is an obligate parasite.

volunteers Fields with volunteers are an important sourcenotulum as it serves as a green

bridge for the spread of the disease between season

Nitrogen amounts

High nitrogen amounts increasetiseeptibility of the crop due to high nitrogen
concentrations in leaf tissues, easier penetratighants and possibly due to dense
crop with higher levels of humidity.

Brysonet al
rHGCA report

Nitrogen strategy

No information available

Crop density

High crop density stimulates yellowtrdevelopment as the humidity in the crop
increases disease development.

Landscape No information available.
Solil type No information available.
Climate Severe frosts during the winter will redtice inoculum and help to reduce diseaseChristensenet al.1993

levels. However, within plants the fungus can stenat very low temperatures. In
the spring in cool moist weather the fungus stargrow and produces active
sporulating lesions. Temperature at 10-15 C aladive humidity of 100% are

Gladderset al 2007

diseases

optimal for spore germination, penetration and pobidn of new spores.

Wendure
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Brown rust in wheat

Factor Description Source

Resistance genes Varieties with good resistanckenangn, and help to reduce disease levels. Many Singhet al 2000
specific genes are used and described but alsspexific resistance genes are
known to be of importance

Previous crop High proportions of susceptible wagand infected wheat in the previous year
increases the risk for attack as high levels ofuham potentially can survive to the
next season.

Sowing date Early sowing is known to increase disdavel in autumn. Late sowing in the
autumn has been seen to increase disease ley®ing,sas the very young plants ir
spring generally are more susceptible than eaynswops.

Tillage No information available.
Debris and Debris does not directly influence disease levelmddew is an obligate parasite.
volunteers Fields with volunteers are an important sourcenotulum as it serves as a green

bridge for the spread of the disease between season

Nitrogen amounts | High nitrogen amounts increasestiseeptibility of the crop due to high N-content
of leaves, easier penetration in plants growngtt N levels but also due to denser
crop with higher levels of humidity, which favoute epidemic.

Nitrogen strategy | No information available

Crop density Dense crops likely to favour the dsgeas higher levels of humidity favour the
disease
Landscape No information available.
Solil type No information available.
Climate Severe frosts during the winter will redtice inoculum and help to minimize the | The encyclopaedia of cereal

disease level. Mild winter and warm spring and sw@mweather stimulate attack. | diseases
Temperatures between 15 and 22 C accompanied By i€lative humidity are
needed for sporulation and spore germination.
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Tan spot in wheat

Factor

Description

Source

Resistance genes

Varieties with moderate resistedenown, and help to reduce disease levels.
specific genes are described for this disease.

Fdargensen & Olsen 2007

Previous crop

Wheat as previous crop increasesskef attack as high levels of inoculum
potentially can survive to the next season on debri

Jargensen & Olsen 2007

Sowing date No information available. Disease wiilinost regions in Europe first develop in
spring as ascospores need to ripen and spreadndimslly takes place in April.
Tillage Tillage is found to have a major impacttba disease. Increasing amounts of straijWgrgensen & Olsen 2007
and debris increase the amount of inoculum. Plowghiill minimize the disease riskJenseret al 2001
to a very low level.
Debris and Debris from a previous crop of wheat left on thefate will increase the risk of tan| Jgrgensen & Olsen 2007
volunteers spot as a source of inoculum for both ascosporésamndiospores. Jenseret al 2001

Nitrogen amounts

No information available.

Nitrogen strategy

No information available

Crop density

No information available

Landscape No information available.
Solil type No information available.
Climate Weather conditions which stimulate the kdeavn of debris will help to reduce the The encyclopaedia of cereal

inoculum. Warm and humid summers stimulate disdaselopment. Optimum
temperatures are between 20-28 C accompanied bypkemods of dew or rain ( 18

diseases

hours or more)
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Take all in wheat

Factor

Description

Source

Resistance genes

There are no varieties with spee#istance genes.
Different wheat varieties have been found to bupdlifferent amounts of take-all inoculun
in the soil, when grown as first cereal crop.

Gutteridgeet al 2008
n

Previous crop

The disease is usually most sevesedand, third or fourth successive cereal crops, b
generally declines in importance in continuous asreDats and broad leaved crops like
oilseed rape as the previous crop will reduce igleaf take all.

Gutteridgeet al 2008
Cook 2003

Sowing date

Early sowing is known to increase diseesk. Late sowing is seen to decrease the @ises
level as the epidemic is delayed. When wheat is)safter wheat it is recommended to del
the sowing time to minimize the risk. A crop sowrideal conditions is better than one
where soil structure is poor.

1Badkeret al. 1990.
agchulz & Jgrgensen 1993
Gutteridgeet al 1987

Tillage

Tillage is found sometimes to have a magact on the disease development. Increase
levels are sometimes seen following ploughing caegbavith non-inversion tillage, but
sometimes the opposite can take place. It relatéctors like soil compaction, water
content, etc. Light puffy seedbeds can encourageé¢velopment of the disease. In short
sequences of cereals, ploughing generally has\ansabe.

] Gutteridgeet al 2008
Cook 2003

Debris and
volunteers

Debris from a previous crop of wheat left in theldiwill increase the risk.
Cereal volunteers and grasses can be carriere dfisbase and e.g. make oil seed rape le
effective as a break crop.

Gutteridge & Hornby 2003
SsS

Nitrogen amounts

Reduced levels of N can incrdaseisk of attack as the crop has limited sourcetevelop
root systems. Ammonium sulphate consistently hasmgiess disease compared with
ammonium nitrate, urea and ammonium chloride feetis.

Gutteridgeet al 1987

Nitrogen strategy

Early applications of N in FedoguMarch, followed by the main dressing in Aprilivaelp
to reduce the severity on the roots.

Gutteridgeet al 2008

Crop density

No information available

Landscape No information available.
Soil type Take all causes most damage on lighs $6i&ind, Sandy loams and loams), particularly iff Gutteridgeet al 2008
they are alkaline in nature. Crops grown on morelgaoils are more likely to develop take
all as plants are more likely to suffer from drougtness. Poor drainage increase risk.
Climate Weather conditions which stimulate disedseslopment is warm and moist autumns and The encyclopaedia of cereal

winters. Wet springs and dry summers.

diseases

Wendure
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Cultural practices impact on diseases in oilseed pe

Phoma stem canker

Factor Description Source
Resistance genes Varieties with moderate to gastamce are known, and may help to reduce (Delourmeet al, 2006)
disease levels. Several specific genes have beehower the years are used and

described but also non- specific resistance gemelsrwn to be of importance.
TheL. maculangathogen has become resistant to some specifisgene

Tall cultivars are often seen to be more suscep(tbrough increased lodging
risk).

Previous crop
Frequency in rotation

Frequency of OSR in rotation is a big issue simoewlum is generated from
fruiting bodies that develop on the stem debris

(Rempel and Hall, 1993; West
et al, 2001)

Sowing date Some evidence that early sowing (ahdesjuent production of large plants) | (Sunet al, 2000)
prevents the development of canker epidemics. [Sizalts certainly get hit
harder.

Tillage Ploughing decreases the risk by removirgutum. (Westet al,, 2001)

Debris OSR crop debris on the surface increases the fidisease development (even| (Rempel and Hall, 1993; West
old debris which has been ploughed up). et al, 2001)

Volunteers Not much information, may act as green bridge

Nitrogen amounts

Literature describes the risktwdase following high N —levels since taller
plants are more prone to lodging. Practical imgare unclear.

No papers specifically on effeq
of N on disease

ot

Nitrogen strategy

No information available.

Crop density

No specific information regarding canker

Row spacing

Landscape No information available

Solil type No information available

Climate Wet, warm summers initiate early epidenmseai since ascospores are released Toscano-Underwooet al,

earlier when new season OSR plants are small. rSeaakers can result.

2003)
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Light leaf spot

Factor

Description

Source

Resistance genes

Varieties with moderate to good resistance are kn@nd may help to reduce
disease levels. The underlying genetics that umdeegistance are not well
understood

(Boyset al, 2007; Bradburnet
al., 1999)

Previous crop

Frequency of OSR in rotation is a big issue simoeulum is generated from fruitin
bodies that develop on the upper stem and podslebprevious crop. However,
this material decomposes quickly, so adjacentsipltbably more of a problem
unless growing OSR after OSR.

g(Fitt et al, 1998; Gilleset al,
2001; Gilleset al., 2000)

Sowing date Modelling of crop data indicated that soince litgf spot is a polycyclic disease, | (Welhamet al, 2004)
early sowing increases risk considerably.

Tillage Ploughing decreases the risk by removing inoculum. (Turkingtonet al, 2000)

Debris and OSR crop debris on the surface increases the fidisease development.

volunteers Volunteers have been implicated in carry-over giiileaf spot from season to

season.

Nitrogen amounts

Literature describes the risk to increase followlngh N —thicker canopies increasg
humidity and therefore risk from pod infection.aBtical importance unclear

Nitrogen strategy

?

Crop density

No information available.

Landscape No specific information regarding canker
Soil type No information available
Climate Modelling suggests climate change, with increaseaperature, light leaf spot will | Evanset al, unpublished.

get less severe with the range of the diseasenghiibrth.
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Sclerotinia

Factor

Description

Source

Resistance genes

Some differences between cujtbugtrsnechanism of resistance not understood.
Generally controlled by one or two spring sprays.

(Gladderset al., 2009; Koclet
al., 2007)

Previous crop

Rotation important as OSR not thg bakt for this pathogen. Sclerotia remain in
the soil for some time, so OSR in close rotati@o ahcreases risk.

(Buntinet al, 2007)

Sowing date Doesn’t affect disease risk directly

Tillage Ploughing buries sclerotia, but they carvisie for quite long periods. Non-till (Kochet al, 2007; Sochting
probably has little effect since sclerotial gerntiia is controlled by environmental| and Verreet, 2004)
factors

Debris and Sclerotia produced in debris, but volunteers nqiartant

volunteers

Nitrogen amounts | No effect (Kochet al, 2007)

Nitrogen strategy | No effect

Crop density

Most reports no effect

(Kochet al, 2007)

Landscape No effect reported between different slopes/aspects (Kutcheret al, 2005)

Soil type No effect reported (Kochet al, 2007; Kutcheet
al., 2005)

Climate ?
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