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Resistance to Herbicides – A Problem?
 � 267 molecules, 21 MOA Groupings
 Slide 3 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 ACCase-Inhibitors
 � ACCase-inhibitors (grasskillers) are postemergent herbicides widely used to control a broad selection of grass weeds in dicot crops and cereals (when applied with a herbicide safener)
 � Dicot tolerance is based on the inherent insensitivity of broadleaves to these herbicides, whereas in monocot crops the selectivity is usually due to higher rates of herbicide detoxification
 Slide 4 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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ACCase-Inhibitors
 � Graminicides [Aryloxyphenoxypropionic acids (FOPs), Cyclohexanediones (DIMs) and Phenylpyrazolines (DENs)] are chemically distinct groups of herbicides that selectively control grasses
 Adapted from www.hracglobal.com
 Slide 5 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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 Discovery of ACCase-Inhibitors
 Fluazifop-P-butyl
 Sethoxydim
 Tralkoxydim
 Alloxydim
 Source: CDS Tomlin, 2006 (The Pesticide Manual); Cropnosis (2008); Krämer and Schirmer, 2007 (Modern Crop Protection Compounds)
 FOPs DIMs DENs
 Metamifop
 Propaquizafop
 Clethodim
 Cycloxydim
 Safeners
 1982 1982
 R R
 ALOMY LOLRI
 Fenchlorazole - ethyl
 Mefenpyr - diethyl
 Cloquintocet-mexyl
 Isoxadifen - ethyl
 Clodinafop-propargyl
 Tepraloxydim
 Profoxydim
 Butroxydim
 Cyhalofop-butyl
 Haloxyfop-P-methyl
 Fenoxaprop-P-ethyl
 Quizalofop-P
 Slide 6 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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Use of ACCase-Inhibitors
 � Graminicides are widely used to selectively control grasses in dicot crops and cereals
 Clethodim, Cycloxydim, Diclofop-methyl, Fluazifop-P-butyl, Haloxafop-P-methyl, Metamifop, Quizalofop-P, Sethoxydim
 Cereals (others)
 Rye, Triticale, Barley
 Soybean
 Vegetables
 Cotton
 Sugarbeet
 Clethodim, Fluazifop, Haloxyfop-P-methyl, Quizalofop-P, Sethoxydim
 Alloxydim, Clethodim, Cycloxydim, Fluazifop-P-butyl, Sethoxydim
 Source: CDS Tomlin, 2006 (The Pesticide Manual) *To ensure maximum crop safety, they are applied in combination with safeners (1) Cloquintocet-mexyl (2) Mefenpyr-diethyl (3) Isoxadifen-ethyl
 TNV Tree-Nuts-Vines
 Legumes
 Wheat
 Clodinafop-propargyl*1
 Diclofop-methyl, Fenoxaprop-P-ethyl*2, Metamifop, Pinoxaden*1, Tralkoxydim
 Cyhalofop-butyl, Fenoxaprop-P-ethyl*3, Metamifop, Profoxydim
 Rice
 Clodinafop-propargyl*1,
 Diclofop-methyl, Fenoxaprop-P-ethyl*2,
 Pinoxaden*1, Tralkoxydim
 Alloxydim, Clethodim, Cycloxydim, Fluazifop-P-butyl, Haloxyfop, Quizalofop-P
 Oilseed rape
 Alloxydim, Clethodim, Cycloxydim, Fluazifop-P-butyl, Haloxyfop, Quizalofop-P, Sethoxydim
 Alloxydim, Clethodim, Cycloxydim, Fluazifop-P-butyl, Haloxyfop, Quizalofop-P, Sethoxydim
 Alloxydim, Clethodim, Cycloxydim, Fluazifop-P-butyl, Metamifop, Quizalofop-P, Sethoxydim
 Slide 7 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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Herbicide Resistance: Is it a Problem?
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 ACCase Inhibitors ALS Inhibitors Triazines Glycines Glycines (estimated)
 Resistance to herbicides by weeds is a growing problem Heap, 2011; accessed from www.weedscience.org; estimate of resistance to glycines from Bayer CropScience, IWM &WRB Group, Frankfurt
 Slide 9 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 ACCase-Inhibitors Resistant Weeds Globally 2010
 Heap, 2011; www.weedscience.org
 Count of Confirmed Resistant Weed Species
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 ACCase resistance is a global problem Slide 10 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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Weeds Resistant to ACCase-Inhibitors in Europe
 Resistant Susceptible
 ALOMY
 Resistant Susceptible
 LOLSS
 Resistant Susceptible
 APESV
 Source: Bayer CropScience 2010
 LOLSS
 ALOMY APESV
 Slide 11 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 APESVALOMY
 LOLSS
 The Most Important Grass Weeds in Cereals
 Blackgrass Alopecurus myosuroides Huds.
 (ALOMY)
 Silky-bent grass Apera spica-venti L.
 (APESV)
 Ryegrass Lolium multiflorum Lam.
 (LOLSS)
 Slide 12 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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 Bayer CropScience Advancements in Resistance Diagnostics
 Metabolic Resistance Analysis
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 Target-site Resistance Analysis
 e TargetTargeetabolic etabolic
 Greenhouse Bioassays
 Proven Methods
 + Innovative Technologies
 = Technology and Knowledge
 Leadership
 Measurement of herbicide degradation rate and metabolite profile
 Analysis of changes in the DNA sequence at the site of action
 Measurement of field relevance and indication of additional
 mechanisms such as uptake, sequestration or distribution
 Slide 14 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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Metabolic resistance (MR) prevents the herbicide from reaching its site of action by enhanced metabolism to non-phytotoxic metabolites and/or differential
 uptake and translocation
 Target-site resistance (TSR) alters the site of action of a herbicide – usually an enzyme - in such a way that it is no longer susceptible. TSR is usually conferred
 by a single nucleotide exchange in the gene coding for the herbicide
 s target enzyme
 N C I 1781
 I 2041
 D 2078
 G 2096
 W 2027
 BC BCCP CT W
 1999 C
 2088
 Seven different mutations in the CT-domain of ACCase are known to confer herbicide resistance
 Mechanisms of Resistance to ACCase-Inhibitors
 Slide 15 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 N C I 1781
 I 2041
 D 2078
 G 2096
 W 2027
 BC BCCP CT W
 1999 C
 2088
 I 2041 → N, V R S S
 D 2078 → G R R R
 G 2096 → A R S ?
 FOPs DIMs DENs
 W 2027 → C R S R
 → L R R R I 1781
 W 1999 → C R* S ?
 * Fenoxaprop only
 Cross-Resistance Patterns
 Slide 16 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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Seed sample Field with high grass weed infestation Trasher
 Cleaned seed sample
 Glasshouse trial R and S biotypes
 Pyrosequencing DNA extraction/amplification
 Herbicide Resistance Confirmation Testing
 Slide 17 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 Disclaimer
 All samples analyzed were sent in to BCS because farmers experienced diminished herbicide efficacy
 No random sampling of weed species was performed Susceptible biotypes are therefore significantly underrepresented Locations of sampling points on map are accurate only to within 10 km Metabolic resistance (MR) was assigned to all biotypes where resistance was confirmed in the greenhouse when no target-site mutation(s) were detected by pyrosequencing
 Slide 18 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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2006 – 2010 N = 617 S ≥ 80% I: 50-80% R ≤ 50%
 Resistant
 Intermediate Susceptible
 Fenoxaprop susceptibility
 ALOMY
 Fenoxaprop Resistance GERMANY
 2005 – 2010 N = 438
 TSR (N = 134) MR (N = 206) S (N = 98)
 ACCase resistance
 ALOMY
 ACCase Resistance in GERMANY
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Fenoxaprop Resistance in GERMANY
 2006 – 2010 N = 416 S ≥ 80% I: 50-80% R ≤ 50%
 Resistant
 Intermediate Susceptible
 Fenoxaprop susceptibility
 APESV
 ACCase Resistance in GERMANY
 2006 – 2010 N = 407
 MR (N = 23) S (N = 382)
 ACCase resistance
 TSR (N = 2)
 APESV
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Diclofop Resistance in FRANCE
 2006 – 2010 N = 897 S ≥ 80% I: 50-80% R ≤ 50%
 Resistant
 Intermediate Susceptible
 Diclofop susceptibility
 LOLSS
 ACCase Resistance in FRANCE
 LOLSS
 2006 – 2010 N = 626
 MR (N = 274) S (N = 155)
 ACCase resistance
 TSR (N = 197)
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Fenoxaprop Resistance in FRANCE
 2006 – 2010 N = 1022 S ≥ 80% I: 50-80% R ≤ 50%
 Resistant
 Intermediate Susceptible
 Fenoxaprop susceptibility
 ALOMY
 ACCase Resistance in FRANCE
 ALOMY
 2006 – 2010 N = 629
 MR (N = 264) S (N = 25)
 ACCase resistance
 TSR (N = 340)
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Fenoxaprop Resistance in GREAT BRITAIN
 ALOMY
 2006 – 2010 N = 1187 S ≥ 80% I: 50-80% R ≤ 50%
 Resistant Intermediate Susceptible
 Fenoxaprop susceptibility
 ACCase Resistance in GREAT BRITAIN
 ALOMY
 2006 – 2010 N = 708
 MR (N = 102) S (N = 3)
 ACCase resistance
 TSR (N = 603)
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Frequency of ACCase TSR and non-TSR in ALOMY
 Source: Bayer CropScience 2010
 73
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 TSR non TSRN = 324 N = 108 N = 277
 Slide 29 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 Frequency of ACCase TSR in ALOMY
 Source: Bayer CropScience 2010
 Slide 30 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
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ALS ACCase
 27 ALOMYDEU08026CONTRO22 DAA
 EntrEntry/Trt. Dosage Appl.No. Description Code
 1 UNBEHANDELT 2080
 2 RALON SUPER + * 346,43 A 203 RALON SUPER + * 173 A 104 TOPIK EC 100 + * 75 A 355 AXIAL 50 75 A 206 FOCUS ULTRA 150 A 937 ARELON 1500 A 758 LEXUS 50 DF 10 A 40TREND 90 270 A
 9 ATLANTIS OD 126 A 8010 ATLANTIS OD 63 A 6511 ATLANTIS OD 31,5 A 4513 BROADWAY + ## 35 A 4014 BROADWAY + ## 20,7 A 302 CADOU SC 250 B 903 AE F133402 10 SC32 270 B 93CADOU SC 150 B
 4 FENIKAN 1690 B 94
 Target-CharacteristicRating Data TypAppl.-Ass.Interval
 346,43
 173
 75
 75
 150
 1500
 10270
 126
 63
 31,5
 35
 20,7
 250
 C32 270150
 Untreated
 Fenoxaprop
 Fenoxaprop
 Clodinafop
 Pinoxaden
 Cycloxydim
 Isoproturon
 Flupyrsulfuron + Surfactant
 Mesosulfuron
 Mesolulfuron
 Mesosulfuron
 Pyroxsulam
 Pyroxsulam
 Flufenacet
 Flurtamone + Diflufenican +
 Flufenacet
 1690Diflufenican
 Detailed diagnostics testing leads to soundest possible recommendations
 Utility of Diagnostic Test Results
 Slide 31 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 Content Introduction
 ACCase Resistance Distribution
 ACCase Testing Methods
 Conclusions Future Actions

Page 17
                        

Conclusions
 ACCase resistance is widely distributed throughout the major cereal-growing areas worlwide
 In general, TSR and non-TSR are of similar frequency
 The levels of resistance conferred by TSR depend on the species, the position of the mutation and the aminoacidic substitution
 The cross-resistance pattern to several ACCase-inhibiting herbicides is species specific
 The number of biotypes with multiple resistance (ALS, PS-II, GLY…) is increasing rapidly
 Detailed knowledge of the resistance mechanisms is very important to recommend the best strategies to reduce the spread of herbicide resistance
 The implementation of Integrated Weed Management (IWM) strategies (chemical diversity, crop rotation and different cultural practices) will play a key role in the future
 Slide 33 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 Content Introduction
 ACCase Resistance Distribution
 ACCase Testing Methods
 Conclusions
 Future Actions
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Future Actions
 Extend our herbicide resistance weed mapping activities (different crops, areas, and herbicidal mode of action)
 Determine the threat of new species to develop resistance
 Identify weed shifts in response to different weed management programs
 Perform baseline sensitivity studies based on random sampling
 Coordinate a local/global network on herbicide resistance weed mapping issues
 Slide 35 • 2nd Workshop of the EWRS Working Group Mapping • Juan Pedro Ruiz-Santaella • 2011 September 22-23
 Thank you very much for your attention
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Forward-Looking Statements This presentation may contain forward-looking statements based on current assumptions and forecasts made by Bayer Group or subgroup management.
 Various known and unknown risks, uncertainties and other factors could lead to material differences between the actual future results, financial situation, development or performance of the company and the estimates given here. These factors include those discussed in Bayer’s public reports which are available on the Bayer website at www.bayer.com.
 The company assumes no liability whatsoever to update these forward-looking statements or to conform them to future events or developments.
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