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IRAG

Insecticide Resistance Action Committee

e All IRAC meetings are held under anti-trust rules and regulations.

* Regulations are developed under guidence from Croplife International

e All discussions should be technical discussions and NOT commerical.

* Do not talk about individual products (active ingredient or mode of action only)

* Do not talk about prices, marketing strategies,etc.

* |f you have any concerns — please stop the conversation and consult with IRAC Brazil or
IRAC International colleagues.

e A copy of the anti-trust guidelines can be provided to those requiring a copy.

.\
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Antitrust Law Reminder

for all Croplife International meetings

“IRAC Committees and IRAC Members should be aware that while some activities
among competitors are both legal and beneficial to the industry, group activities of
competitors are inherently suspect under the antitrust laws.

Agreements or combinations between or among competitors need not be formal to
raise guestions under antitrust laws, but may include any kind of understanding, formal
or informal, secretive or public, under which each of the participants can reasonably
expect that another will follow a particular course of action.

All IRAC Members have a responsibility to see that topics, which may give an
appearance of an agreement that would violate the antitrust laws, are not discussed
during meetings, conference calls or in any other forum.

It is the responsibility of each member in the first instance to avoid raising improper
subjects for discussion and the purpose of the Antitrust Guidelines is to assure that
participants are aware of this obligation”

19 October, 2015 IRAC’



Team structure as of September, 2015:

Sucking Pest Team

Names

BASF representative: Lixin Mao (BASF-internal discussion)

suckingpest@irac-online.org

Email Address

Company

Sucking Pests

Alan Porter aporter.apa@gmail.com IRAC v
Alejandro Arevalo alejandro.arevalo@basf.com BASF v
Eric Andersen EricAndersen@cheminova.com Cheminova v
Imre Mezei imezei@dow.com Dow v
Juan M Alvarez Juan M Alvarez@dupont.com DuPont v
Luis Gomez EGomez2@dow.com Crow (3]
Luis Pavan lapavan@dow.com Drow v
Marie-Fierre Flancke marie-pierre.plancke@fr.nufarm.com MNufarm v
Michael Klueken michael klueken@bayer.com Bayer @
Ralf Nauen ralf.nauen@bayer.com Bayer v
Rus=sell Slater russell.slater@syngenta.com syngenta v
Steve Skillman stephen.skillman@syngenta.com Syngenta v
Diane Silcox Reynolds dianereynolds@us.adama.com ADAMA v
15

TOTALS

MOTE: To avoid spam, only team members within each team can use the specific team email address

19 October, 2015
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IRAC-Sucking Pest WG Objectives — 2015

Goals Objectives Timeline
Short term actions to *  Myzus persicae Follow-up with “implementation” of IRM Guidelines in Southern EU 2015
minimise spread of e Bemisia tabaci monitoring program (PROMIP) Q2 2015
resistant pests e Sitobium avenae review last year’s alert for Mainland EU for PYR-resistance (in view of few MOAs) Q3 2015
e Aphis gossypii (neonicotinoid target site resistance)
= |nitiate local IRAC team in South Korea Q2 2015
= Develop IRM recommendations for Korea as template for future use Q2 2015
= Finalize / review poster: globally & local Korean language version 2015
Prepare IRM guidelines | = Euschistus heros, in Brazil (e.g. IRAC01, 03, 04)
for pests with, or at risk =  Follow up with monitoring efforts in Brazil e.g. PROMIP/IRAC-BR, Q2 2015
of developing resistance = Method validating and implementation (review vial test to IRAC approved methods) Q3 2015
in the mid term e Bathycoelia distincta Support research efforts in RSA (suspected PYR-resistance) 2015
e Diaphorina citri
= Finalize and publish the Leaf Dip method for IRAC Groups 01, 03, 04, 05, 06 Q2 2015
= Validate and publish a Flush tube systemic test for IRAC Groups 23 and 28 Q4 2015
e Bemisia tabaci (T. vaporariorum) updated poster version incl. new MOA guidelines 2015
e Group 4 IRM Guidelines. Review and finalize — update global document in view of new subgroupings Q1 2015
e Lygus sp USA Cotton engage with IRAC US to assess need for action 2015
e fruit fly species (pyrethroids-resistant olive fly suspected, Greece): 1. Summarize current resistance situations
for diptera, 2. Exchange about methodology, 3. Pro-actively release IRAC recommendations, highlight value of
current options / prevent use restrictions
Prepare for future = Tetranychus sp. (mites), Diaphorina citri, Nilapavarta lugens, Dichelops melacanthus (stinkbugs)
Sucking Pest problems = Collect reports on monitoring studies and publications, follow up field failures 2015
long term (avoiding = Aphis gossypii (neonicotinoid target site resistance)
resistance development) = Monitor complaints globally and report liaise with researchers 2015

19 October 2015
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M. persicae — new data 2015

Steve has circulated an example, incl. methods, that can be used to inform local company
representatives in Southern-Europe (esp. in ITA, ESP and FRA).

We believe it is important to follow-up M. persicae populations not only on their winter
host (stone fruits), but also on summer hosts or other secondary hosts. This can include
vegetables, tobacco, and broad acre crops (e.g. oil seed rape, sugar beet, potato).

It is not too late for 2015, because populations in summer and autumn might be exposed
to further IRAC Gr. 4 a.i.’s potentially selecting further for resistance.

=>» Did everyone send reminder mail to local company representative?
=>» Did Syngenta (or Bayer) received samples?
=>» Any suggestion, when new results be available?

19 October, 2015
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M. Persicae — new poster version 2015

Major mechanisms of insecticide resistance in green

l Insecticide Resistance Action Commitiee

www.irac-online.org

L5

( Introduction and biological background

Green peach aphid Myzus persiae (Sulzer) & @ cosmopoltan and
polyphagous pest Primary hosts ane predominantly Pronus persica
{inchuding var. nectarina), while secondary hosts include piants In 40
different piant famillies as well 35 economically iImpariant crops. In addiian
to direct piand damage, M persicae is 3 highly efMolend vector of over 100
different plant vinses.

First reporis of insecticide resistance in M. persicae dabe o 1955, Four
majar reslstance mechanisms presented here In shori have been detected
o date. Altogether, they particuiady confer resistance of M persicae fo
camamales, omganophosphales (OPs) pyrethmalds and neondcotinoids.
Whereas no valldated feld resistance are known for MoA groups
9, 23 and 25. Combined use of resisiance deteclion techniques against
field popuiations provides fammers wEh informafion on possible probiems
with certain inseciicides and helps in befier management strategles.
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E S P A N

BJomité de Accion contra la Resistencia a Insecticidas

(Sulzer)

Principales mecanismos de resistencia a insecticidas
en el pulgén verde del melocotonero,

Myzus persicae

www.irac-online.org

Introduccién y datos biolégicos
El pulgdn verde del melocotonero, Myzus persicae (Sulzer) es una
plaga polifaga y cosmopolita. Su hospedador primario es Prunus
persicae (incluyendo nectarinas), mientras que los secundarios
incluyen plantas de 40 familias diferentes, entre las cuales se
encuentran cultivos econémicamente importantes. Ademas de los
dafios directos, M. persicae es un vector muy eficiente de mas de
100 virus distintos de plantas.
Los primeros casos de resistencia a insecticidas en M. persicae
datan de 1955. Hasta la fecha se han detectado cinco mecanismos
de resistencia, los cuales presentamos brevemente en este poster.
Estos mecanismos confieren resistencia de M. persicae a
carbamatos, organofosforados (OFs), piretroides y neonicotinoides.
No se conocen casos de resistencia verificados en campo al resto
de los grupos de MdA. El uso combinado de técnicas de deteccion
de resistencias en las poblaciones de campo proporciona
_informacién sobre posibles problemas con algunos insecticidas y

r .
1. Nivel elevado de esterasas

N

® Tipo de Resistencia: Metabdlica.

® Afecta a: Carbamatos , OFs y en menor grado a piretroides .

® | as esterasas son enzimas solubles que hidrolizan enlaces éster.
® La sobreproduccion de carboxilesterasas (E4 y EF4) por parte M.
persicae genera resistencia a estos insecticidas, cuyos enlaces
éster son capturados o degradados antes de alcanzar su sitio de

—ac
72 Nivel elevado de la monooxigenasa
citocromo-P450

® Tipo de Resistencia: Metabodlica.
® Afecta a:.

® Qué son...

® Qué provocan...

IRAC-ESP

3. Modificacion de la

acetilcolinesterasa (AChE de sus siglas en

® Tice g2 resistencia: Sitio de accion.

® Afecta a: Carbamatos y Organofosforados (OFs).

® En condiciones normales la AChE degrada la acetilcolina para el
buen funcionamiento del sistema nervioso de M. persicae.

® Los Carbamatos y OFs inhiben el funcionamiento de la AChE, lo
que provoca la sobreestimulacion y sobreexcitacion del pulgén.

® La modificacién de la estructura de la AChE, por sustitucién de una
serina en posicién 431 por una fenilalanina, provoca que su accién no
sea inhibida por estos insecticidas, por lo que el Sistema nervioso del

pulgén puede funcionar perfectamente.

4. Modificacion del Receptor nicotinico \

de la AcetilColina (nAChR de sus siglas en

® Tiro de resistencia: Sitio de accion.

® Afecta a: Neonicotinoides (NNI).

® En condiciones normales el nAChR fija a la acetilcolina para el
buen funcionamiento del sistema nervioso de M. persicae.

® Los NNI se fijan al nAChR en lugar de la acetilcolina, lo que no
permite el normal funcionamiento de la transmisién nerviosa.

® La modificacién de la estructura del nAChR (por mutacion R81T
en la subunidad R1 del bucle D de M. persicae), provoca que éste
ya no reconoce al insecticida que se fijaba a él, por lo que el
sistema nervioso del pulgén puede funcionar perfectamente.

"5, kdr o super kdr (resistencia “knoc -dovv_n”)\

® Tipo de resistencia: Sitio de accién.

¢ Afecta a: Piretroides .

® En condiciones normales los canales de sodio dependientes del
voltaje regulan la entrada y salida de iones Na+ de los axones,
proceso necesario en la transmision nerviosa del pulgén.

® Los piretroides bloguean estos canales de sodio, provocando.....

® Los cambios en la proteina del canal de sodio dependiente del
voltaje (la sustitucién de leucina por fenilalanina da lugar a genotipos
kdr) provocan...

® Los individuos con resistencia kdr por lo general también muestran

altos
\_niveles de esterasa E4 (que contribuye a la resistencia a/
E&rgtroides.
xeferencia:

1. Jeschke P & Nauen R (2008) Neonicotinoids: From zero to hero in insecticide chemistry. Pest Manag Sci 64,
1084

Directrices de prevencion de resistencia

* Se recomienda alternar compuestos de diferente modo de accion.
(no repetir aplicaciones consecutivas).

* Se recomienda no utilizar un mismo modo de accién mas de una
vez por ciclo de cultivo.

« Si se observa un descenso significativo de los niveles de control
de M. persicae, se recomienda dejar de emplear los insecticidas de
este modo de accion.

« En las aplicaciones pre-florales en frutales, se recomienda la
utilizacién de aceite solo o en mezcla con aficidas**.

« Emplear sélo productos autorizados, siguiendo las instrucciones
de etiqueta. Ver poster tuta / medidas alternativas

* Observar limitaciones abejas (ver etiqueta)

M. persicae puede ser resistente a estos insecticidas en algunas zonas.
Consultar con los técnicos locales

**Confirmar la disponibilidad de registro

Modos de Accién (MdA) autorizados

en Espafia contra M. persicae (Julio

1 Inhibidores de la acetilcolinesterasa. 1A Carbamatos.

1B Organofosforados.
3 Moduladores del canal de sodio. 3A Piretroides / Piretrinas.
4 Agonistas del receptor nicotinico de la 4A Neonicotinoides.
acetilcolina (nAChR)
9 Moduladores de los 6rganos cordotonales 9B  Pimetrozina.
9C Flonicamid.
Derivados de los 4cidos
tetronico y tetramico

23 Inhibidores de la acetil CoA carboxilasa

UN Compuestos de modo de accién Azadiractin

desconocido o incierto

: Aquellas presentadas para su
| registro en Espafia pero todavia sin autorizacién de uso concedida.

J

e

2. Devonshire AL (1998) The evolution of insecticide resistance in the peach-potato aphid, Myzus persicae. Phil.
L

Frans-R-S¢

Este pdster tiene fines meramente educativos. A nuestr
responsables del uso o interpretacion que se haga de ell

cropLiteY

o entender la informacién detallada es correcta pero IRAC
a. Siempre se debe consultar a Servicios oficiales o téc

Documento IRAC protegido por © Copyright
Basado en poster disefiado por IRAC Sucking Pest WG
Para mas informacion visite la web de IRAC: www.irac-online.org

y sus empresas asociadas no se hacen
nicos locales y seguir las recomendaciones

detas etiquetas:

Research

March 2014, Poster Ver. 9
Fotografias cortesia de USDA y Rothamsted

N
cropLiteY



B. tabaci:
action: new poster version, covering all MOAs

The most recent poster is October 2008.
The new version should cover

all MOAs and may
possibly incorporate Trialeurodes vaporarium as well as Bemisia tabaci?

19 October, 2015
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IRM recommendation for HLB-vector control ACP:
action: add IRAC gr. 4D Flupyradiflurone

IRAC

Insecticide Resistance Action Committee

The Asian citrus psyllid, Diaphorina citri:
‘Insecticide Resistance Management’ is the Basis of a Successful IPM Program

www.irac-online.org J

Introduction and Biology

The Asian citrus psyllid (ACP), Diaphoring citri Kuwayama (Fig. 1a.),
is the insect wector associated with the bacteria Candidotus
Liberobacter asiaticus and €. L americanus. These bacteria are
suspected fo be the causal agents of Huanglongbing (HLB) in Asia
and America. Trees infected with the bacterial pathogen begin to
show symptoms such as early fruit drop and mottled leaves
anywhere from 5 months to 3 years after infection. Even during this
asymptomatic period, plants can also be source of inoculum, hence
the need to manage the vector even if the trees are not showing
symptoms (Fig. 1b). Once the trees are infected, their production
rapidly declines rendering the infected trees unproductive in a few
years.

Fig: 1: (2] Adult of D. citri feeding on  young arange leave.  [b.] HLB-infected
mmwmm‘mm Notice fruits on the ground,

Citrus psyllids lay their eggs on the inner-side of unfolding leaves
which protect the epgps and early nymphs from adequate
insecticide contact, rendering applications of non-systemic
insecticides  inefficient to manage nymphs. Psyllids develop
through 5 nymphal instars, taking between 15 and 47 days to
become adults, depending on environmental conditions. Nymphs
acquire the bacteria, and the adults vector the disease to
uninfected plants and to plants that are already infected. Re-
infestation increases the bacterial titer in already diseased plants.
Adults are considered to be the preferred target for foliar
insecticide applications since they wector the bacteria. Systemic
soil insecticide target nymphs and adults for the first 2 years after

Resistance to Insecticides

Various levels of insecticide susceptibility have been reported in
Florida, USA (Table 1). Although the resistance ratios are not high
in comparison to those of other pests, it is important to be vigilant
to prevent the onset of resistance for this pest. The results in table
1 are correlated with elevated levels of detoxifying enzymes in both
adults and nymphs collected in the field. However, ACP carrying
HLB were shown to be more sensitive to insecticides than non-
infected psyllids. In Brazil, no tolerance has been reported

Table 050 (AR, values observed - o
citrin Florida in 2010, (Tiwari et 21, 2011]

-M
Ritsn adults 35x% 18X 15X 5X 3N e

RRs0 mymphs. an 3K

Notested Notested Ev e 6X

4

Integrated ACP Management

Guidelines

» Protect nursery plants under netting and use only stock that is
certified as HLB-free.

¥ Transport infected nursery stock according to government
regulations.

%> Protect young and non-bearing trees with rotation of soil
applied systemic insecticides (MoA 4 and MoA 28). In older
trees, soil applied systemicinsecticides may not work.

> Rotate soil-applied insecticides with foliar sprays of other
modes of action. Rotation of different modes of action is key
to resistance management.

» Management of adults during dormant season is key to
maintain low populations for the rest of the year.

» Use |ocally defined monitoring methods and intervention
thresholds to make spray decisions. Notify manufacturers of
any product performance failures immediately.

¥ Use and protection of bio-control agents is encouraged as part
of the IPM programs and to reduce the risk of insecticide

L —
1ARE: ACHE 5 15: Inhibitors of chitin 23: Inhisitar of aCof
iy & nACHR aganis: = o
28: GABA 5 nACKRaBosteric 18 Exdysane receptar 28: Ryarodine
£ & Chior i g S
\m-un- activatar 1 electron transpart inhib. "'“‘"“““"“ij/

Relevant Literature

Management Plan Example

Figure 2 plan and rotation used for based
control of citrus psyliids. The rotations and number of MaA might vary according to the

seri, AS. 2013 o = Digpharina citri = R

111186 e 1505013 167938 b

Rogers, ME, P.A. Stansly, ummzmmmmmwmm Asian Citns
syl Miner_ oy it £du/inBES.

Wm;uhmmummxmmnﬁumdhm

L it = ' 1258-1268

Wanacincha. P, H. AL Arevslo, A5, Frauko, 6. Snyder, and P. A Stansiy. 2011 Cirus Greening.

[

planting, after that period, trees are too big for the current resistance development. D : sl
chemistries to be effective. g J * Prowisional method e by flid
mmuhmMaﬂ;m:umlﬂhmdm IRAC and i accept il by@ mamunmmmmm Lif -Y“i
for how 5 used ar always exp i healthand i Poster Ver. 3.1. yof M. A, Arevalo ity of fodda) — P
19 October, 2015
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IRM recommendation for HLB-vector control ACP:

action: comparison of methods

Leaf-dip method (expect for IRAC group 23)

* ison the web page

e Validated by BASF (BRA) for Imidacloprid and Thiametoxam (2014)
* but no new data expected to come

Flush tube systemic method (e.g. for IRAC Groups 23 and 28)
e Method description by Juan

e afew changes by Steve (&colleagues) and by Lixin

* not yet final - by when to publish?

Further validation / comparison is nheeded:

e incl. other MOAs — which?
 who can do by when?

19 October, 2015
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tomato-potato psyllid, Bactericera cockerelli:
action: draft method for contact/systemic MOA?

Juan mentioned that we need to find a method for the tomato-potato psyllid,

Bactericera cockerelli.

-Considerations for the use of neonicotinoid pesticides in management @Cmm
-of Bactericera cockerelli (Sulk) (Hemiptera: Triozidae)

Sean M. Prager”, Beatriz Vindiola, Gregory S. Kund, Frank ]J. Byrne, John T. Trumble

: Department of Entomology, University of California, Riverside, USA

" ARTICLE INFOG

- Article history:

- Received 21 June 2013

" Received in revised form
- 1 August 2013

: Accepted 2 August 2013

. Keywords:

. Thiamethoxam

© Imidacloprid

* Resistance

" Soil drench
Drip application
Zebra chip

19 October, 2015

ABSTRACT

Bactericera cockerelli is a pest on multiple solanaceous crop plants and is the sole vector for the bacteria
Candidatus Liberibacter psyllaurous. When the pathogen is present, feeding by these psyllids results in
‘vein greening' disease in peppers and tomatoes, and “zebra chip” disease in potatoes. Currently, man-
agement is based entirely on the application of pesticides, incuding two neonicotinoid compounds.
Populations of B. cockerelli collected in southem Texas in 2006 and 2012 were examined for reduced
susceptibility and behavioral responses to imidacloprid.

Tests comparing imidacloprid and thiamethoxam demonstrated that both can reduce nymph numbers
in the field, but retention and effective periods vary among application methods and compounds. In
addition, imidacloprid and thiamethoxam are both sensitive to the amount of water applied during
irrigation. Collectedly, these results suggest that imidacloprid is unlikely to be effective in controlling
B. cockerelli in south Texas. Moreover, its use needs to be carefully considered in other locations even
where resistance has not yet been detected. Finally, thiamethoxam may be useful, but careful attention
must be paid to irrigation and rainfall level, application method, and timing of application.

© 2013 Elsevier Ltd. All rights reserved.
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Arising sucking pest resistance problems:
Aphis gossypii

WFL Publisher

Science and Technology

¥ Meri-Rastlantie 3 B, FI-009%0 Journal of Food, Agriculture & Environment Vol 10 (2): 1227-1230. 2012 wwivworld-food.net
Helsinki_ Finland

e-mail: info@world-food net

The mutation in nicotinic acetylcholine receptor B1 subunit may confer resistance to
imidacloprid in Aphis gossypii (Glover)

Xu-Gen Shi !, Yu-Kun Zhu !, Xiao-Ming Xia !, Kang Qiao !, Hong-Yan Wang ? and Kai-Yun Wang *
! Department of Plant Protection, Shandong Agrieultural University, Taian, Shandong 271018, PR. China. * Cotton Research

Center, Shandong Academy of Agricultural Sciences, Jinan, Shandong 250100, PR. China. *e-mail wky(@sdau.edu.cn

Received 18 February 2012, accepted 30 April 2012.
Abstract

Neonicotinoid insecticides. such as imidacloprid, are selective agonists on the insect nicotinic acetylcholine receptors - their molecular target site.
which are used extensively to control a variety of different pest species. Just like other classes of insecticides. resistance to neonicotinoids is a
significant threat, which has been identified in several pest species. including the cotton aphid. Aphis gossypii (Glover). a major cotton pest in many
parts of Asia. A 66.49-fold imidacloprid-resistant 4phis gossypii strain was established in our work after selection for 60 generations. Analysis of the
cDNA sequence of the nicotinic acetylcholine receptor (mAChR) 1, 2. ¢:3. ¢4-1.04-2. B1 subunits and the functional extracellular region (ranging
from loop A to the 1% transmembrane domain) of the nicotinic acetylcholine receptor o5 subunit from the resistant strain revealed a single point
mutation in the loop D region of the nAChR B1 subunit causing an arginine to threonine substitution (R81T). This mutation has been identified to
be a key determinant of neonicotinoid binding to nAChRs and this amino acid change results in reduced sensitivity to neonicotinoids, which confers

a vertebrate-like character to the insect nAChRs. This result indicated that in cotton aphids the single mutation (R81T) might confer imidacloprid
resistance.

Korea — NNI failure reports and problem is apparently spreading nationwide: Korea publication equivocal. Sampling in 2013 by Bayer,
results nya.

Japan — No new reports since 2012. (Miazaki, Southern Kyushu, 3 Aphis gossypii populations from Cucumber and Pepper with
signifcant loss of control to 5 neonicotinoids but less to ACETAMIPRID and THIACLOPRID Dr Matsuura, July 2012.)

China — R81T subsititution (like in Myzus) produced in the lab after 60 generations exposure to IMIDACLOPRID in Aphis gossypii
Spain — some isolated reports, but nothing confirmed

Brazil — no issues reported, so not on IRAC BR priority list. Mainly use ACETAMIPRID + CARBOSULFAN also in mixtures amogst others
USA - isolated reports from Jeff Gore but no detection of resistance — 8X NNI shift in LA, MS, AR

Australia - Grant Heron — Aphis gossypii resistance to NNIs has not increased in 2011/2012 season. R-factors below typical R81T
levels, no evidence of mutation

» Other reports from countries/companies?? 14
>  Action for 2014 — Monitor NNI performance in all countries. Continue to use bioassays. IRAC
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Introduction

The cotton aphid |Ashis gossypil) is 3 highly polyphagous pest, which has
host range which indwdes many commercially grown agicultumal and
horticultural plant species.

mportant crops attacked by the cotton aphid incluede; pepper. tomato.
ez=plant, watermelon, cucumber, sguash, pumpkin, citrus, potato and
cotton.

The cotton aphid has a short e opcle {5 days to maturity] and is hizhly
facund, producing around 3 offspring per day . It fasds by inserting its stylst
intc the plant phloem tissue and damage is caused by either direct sap loss,
transmission of & wide range of plnt viruses and by encouraging the
growth of sooty moulds on the honeydew secreations it produces.

Treatment with insecticides has been the primary control option for
growers, with systemic or vapowr active insacticides often more favoured.
Biclogical control agents are alsc an important control method for this
pest.

Resistance Mechanisms

Tabie Z- List of Soomented Ashis gossypll resistance medanisms for key insscticses.
egratealy e TazRE may corna g o muiek mecfamam o s me
F1mlios gmom W rmuatanes o lewwe I e et T apalode rastnem o chemiay 1k
FruE Faa g

S431F mutation in pooe gene
\miriniicart, triszamate B omethoets]
A 307S murtation in p-o00 Song
FA350 mstation in o-ace pene
[Brzznennomnnete|
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Cotton Aphid

Resistance Status

nsacticide Resistance has besn recorded in cotton aphids since the mid-
1280's, when crgancphosphats, carbamate and cpclodiens organochlorines
were utilised to control this aphid in awide mnge of crops.

Resistance to carbamates and or ganophosphates have besn widsly reported
iin many of the key crops globally and therefore the perfformance of Group 1
insacticides can not be assured for the control of this pest. As 2 result, the
usa of Growp 1 insecticid s shouwld only be considered if aphid sensitivity has
bezn confirmed.

Resistance to pyrethroids | Group 3] and o nganochlorine oyclodien s | Group 2
insecticides has alsc been reported in & number of countries and crops and
afthough their perffomance can not be assured they may still provide 3 wsefu
tool in pest management. it is recommendsd that insscticide applicators
monitor the performance of these products and consult with kocal crop
advisors on their wse for cotton aphid control.

There hawve been 3 small number of reports of resistance to nicotinic
acetyichofine receptor agonist insec ticides | group 4] in cotton {e.z. Australia,
China & U54) and cucwrbits & vegetables jez. Japan & Korea). In regions
whers mroup 4 insecticide rasistance has bessn reported then other contro

options not affected by resistance should be given pricrity in aphid contro

Programs.

Resistance to flonicamid has only been reported in Aghis gossypil samples
collected from peppers in Korea and resistance in other regions is not
nown.

Resistance Management

(Aphis gossypii)

Table 1 Insecticids modes of action whith are registered Tor the oortrol of aphids and KRown resistance.
(M all imecioin gempa wil B palos for iz il e e e Corasll with locel mdviane e predr waslaiiny)

Acetyicholinesterase inhibitars

(Carhsmatss

‘OrEAnOpnoEDnatey

Growp -
SARA mated chioride dranne] smonists

Cyciodiens onzanodhlorines

Presrvpipyrazoles [Fipnobas)

Growp 3
Sodium channe] modulators

Pprethnoids

Growp &
icotinic agetyidholine recsptor smonists

Memoricotindids

Sulfioeaifior

Flugyridifunons

*
Mooulators of ilandotonal anzans

Permetrozine

Floniicaemidl

Gromp 17
ininibitors of ATP synthase

Diiafieyiiianon

Growp 13-
Dctopmmine smonists

Amitraz

Gromp I
inhilDitors of soetyl Cos carborylase

Tetronic & Tetramic acid
derivatives

=
Byanadine recegtor modulators

=

Diiaenices

EEE = wizoze: mzeract et e e meze it racess [satory X edais mamca st mmuaiees, xie ez cma

ef mntares epertied

The infcrmaficn oroceicf e ik iz Bncs om pooericwed pulblidtic rooet of idd edlicicd popslatice of Sois oomyed Ba
aclaicd al a apesic ime and hooaticn Bofors Borg taic for ipacclictc macs Sty imocicts roatene: aa Sramicpm, aed
Rorcfon, Bcirimation o doo et rdfiest P cumcel fatia ofimnctice: maisiaee ie el courticicr bafice

Susceptibility Monitoring

The susceptibifity of the cotton aphid and
other aphid species can be conducted by

As there is Fttle or no evidence of cross-resistance amongst the groups insecticides wsed for cotton aphid control, it is
recommended that the rotation of effective insecticides with different modes of action are used to provide insect control,
whilst at the same time reducing the risk of insecticids resistance from developing. The following should be conside red when using lesf Zip assays, s described inthe
desizning an insact control program for cotton aphid: RAC approved method No. 018,
= Pilan ahead. Determine whenin a typical season insecticides apphcations are likely to be needed and plan for the rotation
of insecticides with different modes of action, avoiding the consecutive use of products belonging to the same mode of
action zroup |incheding s=ad trestments). Plan for contingenciss in case sxtra applications are nesded dus to untypical pest
infastations. Consider the presance of other insect pasts that may cocwr in the crop and require insacticide trestments.
Determine which insecticides are most effective for controliing each pest during each application timing. If the presence of
other pests which overlap with cotton aphid, consider using pest specific insecticides rather than broad spectrum
insacticides, which may incresse unnecsssary resistance sslaction pressune for either or both pests.
Evaluate the current insacticide resistance situation in the area |consult locl crop advisors and experts]. Avoid wsing
insecticides already affected by resistance where possible.
Consider the impact of the insecticides on non-target insects and natural predators, especially during early s=ason
applications, whears maintsining natursl predators can reduce the nead for leter sprays.
Consider the use of insect-resistant plant varieties and the use of biclogical control agents.
Alwys follow insecticide label instructions for application timings, wolumes and concentrations.

Elaryatad lavyals of an undetined carborbestarass
kel

Ehenatad bavals of an undatined P30 Mmooy Eanase

Growp -
GABA Fated chilorice
charne] aEonists

Elevated bevels of an undefined PA30 monoiypenase
= Further details on this methodology and

other susceptibility monitoring methods can
be found on the RAC  website:

wanwirac-online.ong

L1014 F errtartion iin domnaiin 1 off the porg-type woltsme mated
sodium el mane

Elewated MBWH\W%

Growp 3
Sodium dhenned
modulators

Elevated bevels of 2n undefined PA30 mondypenzse

o Growp & | REIT matation in the Bete-1 sutrunit of the nACH recemtor
Wicotinic acetyldholine AR
regeptor aEmonists

Ebevated bewels of undafined carborrlesterase

Tag=l 17 rnaro: mectaram
ictabclic Bmcd roiniens meckesam

Thils poster is for educational purposes only. Details ane acourate to the best of our nowledge but IRAC and its memiber com panies cannot acoept resporsibility
for how thils informition is used or interpreted. Advice should slways be soushit from local experts or advisors and et and safiety recommendations followed.

Poster desizred and produced by the IRAC Sucking Pest WS, January 2013 Protograph oourtesy of Syngerta Crop Cr.o Life '\IF
Protection. IRAC dooument protectsd by © Copyright. Further detsils may be fiound at wwwirsc-online ong F:-" i
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Aphis gossypii, Korea:
action: reviving & extending the local activities

Next steps:

Focus on a most critical crop to develop IRM recommendations
(cucurbits/peppers) and ask them directly for the information that is needed, e.g.:
Annual cropping cycle information (duration of crop from seedling transplant to
harvest/crop removal), parallel or sequential planting.

Aphis pest timings (when aphids are normally present in the crop) and of other
pest timings.

Available pest control options based on modes of action & any restrictions based
on those.

Biological & cultural control methods.

With this information, we may produce an IRM draft ourselves and then ask the
Korean colleagues to challenge it.

Subsequently, a 2-step approach for further meetings is probably
recommendable:

15t smaller group tel con (agrochemical companies), 2"¥ adding large distributors
and research institutes (probably in Korean language)

19 October, 2015
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Aphis gossypii, Korea:

action: suggest a spray prg. / window approach...

* Maximum of two applications per MoA
lications of same MoA

(

= No consecutive a

Only weevils, flea beetles or pod midge present

Neonicotinoids provide only limited control of weevils
present at pre-flowering, they are not recommended
as a primary method of control for these pests.

Pollen beetle targeted

If pyrethroid resistant pollen beetle are known
to be present then, non-pyrethroid insecticide
options should be primary choice.

@

Availability of different insecticide modes of action varies
between countries. Only use locally registered insecticides
with recommended application rates and water volumes.

Flowering
Window 3

Pre-Flowering
Window 2 |
An application of an insecticide should NOT be followed by
an application of an insecticide from the same MoA class.

Plan your spray program carefully to avoid multiple sprays

of the same MoA. j
e ﬁ#
Over Winter stem extension

jan feb a jul
Pollen Beetle (M.oeneus)

Cabbage Seed Weevil (C. assimilis)

Rape Stem Weewl (C. nopi)

Cabbage Stem Weewil (C. pallidactylus)
Cabbage Stem Flea Beetle (P. chrysocephala)
Crucifer Flea Beetle (P. cruciferae)

Brassica Pod Midge (D. brassicoe)

Peach Potato Aphid (M. persicae)

Mealy Cabbage Aphid (8. brassicae)

_Pest present in the crop and control may be required

\\

Seed Treatment
(Aphid & Fleabeetle)
Foliar aphid control

* Carbamates 1A

» Organophosphates 1B
* Pyrethroids 3A
* Neonicotinoid 4A

Seed Treatment (& aphid control)
Window 1

-

N e T e gt
Sowing seedling Leaf development

aug sep oct nov

o

Pest present in the crop (adult or larvae) but control unlikely to be required

O. Winter
dec




Aphis

gossypii, Korea:

action: challenge local team for completeness of spray prg.

4A
ST/ drench

seed

transplanting

1B |

4,23
(foliar)

Spider mites: Tetranychus spp

s 4
Whitefly: B tabaci
~
A. gossypii
Thrips
Rust mites Lepidoptera: Spodoptera/Helicoverpa
< -
Leaf miner

pollinators?

flowering

nursery

Feb.

0

April

10 20

Mai
\ A. swirskii

first fruits
30 40 50 60 DAT
June July August Sept.
18
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PYR-resistance Sitobium avenae in UK
country information spread to region

IRM recommendations by IRAG UK (issued 2012)

Integrated management of BYDV WherApis transmibsior s Agriicant

— Seed treatments with neonicotinoids
(2013 : EU Commission restricton:
winter seeded cereal use only)

— Grass weed and cereal volunteer control

— Avoid early sowing in September

— Monitor aphids flying into cereal crops in Autumn
— Effective timing of foliar insecticide applications
— Use full rates of insecticides

— Control failures: send aphid samples to Rothamsted/Dewar CP

— If pyrethroid control was poor, then switch to other mode of action

— Alternatives registered in Autumn include pirimicarb (1A) and chlorpyrifos

(18)

201

3: Cereal, UK, Sitobium avenae

Sitobion avenae (grain aphid)

Key pestin both summer and autumn

Acknowledgements to
Dr B. Parker and IRAG UK

2013: Cereal, Sitobium avenae pyrethroid resistance
monitoring — new results from Denmark

* 26 populations across Denmark
for tested for kdr mutation
(L1014F)

* The results demonstrate that no
individuals carried the mutation.

* Thus, it appears that target-site

resistance (kdr) to pyrethroids

hasn’t soread to Denmark yet.

e o o I
s
wn

Insecticide Resistance Action Commitiee
) www.irac-online.org

Pyrethroid resistant grain aphids — a chall for cereal gr rs in Northern Europe.

Rrecent surveys of the grain aphid (Sitobion avenae) in the United Kingdom and ireland have revealed the presence of
pyrethroid resistant aphids. If they spread, these resistant aphids could present a new challenge to cereal growers in other
parts of Europe.

The grain aphids have been identified as being resistant by an adaption of the sodium channel, which forms part of nervous
system in insects and is the site of action of the pyrethroid insecticides. This medification at the target site of pyrethroids is
known as the L1014F kdr mutation. The mutation is well known in other agricutiural and public health pests such as the
green peach aphid (Myzus persicoe) and house fly (Musca domestica). What is different to other species is that in this @se
all the aphids have been found to be heterozygous [single copy) for the resistance allele.

Although the aphids have been demonstrated as having only a relatively low level of resistance to pyrethroid insecticides
{up to 40 times less susceptible than insects without the mutation) this shift in sensitivity has been shown to reduce the
performance of pyrethroid sprays when the percentage of resistant aphids reach high enough levels. Since their first
detection in 2011, resistant aphids have been identified in several English and Irish counties, but the frequency of resistant
individuals has not been high enough to cause problems everywhere. Control problems have mainly been fooused around
suffolk, Morfolk and Cambridgeshire. Surveys in other European countries have shown that resistant aphids are much rarer
in mainland Europe, with only a small number of resistant grain aphids found in parts of Germany and none found in
limited surveys of France and Denmark.

The grain aphid is only one of the key species of aphid considered to be pests of cereal crops in Europe. There is currently
na indication of pyrethroid resistance in the other spedies, which include the bird-cherry oat aphid (Rhopalosiphum padi),
the rose-grain aphid (Metopolophium dichodum) and further eastwards in Europe, the Russian wheat aphid, [Divraphis
mowia) and the Spring grean aphid (Schizaphis graminum).

The resistant grain aphids currently present a challenge to farmers in the UK and ireland and the concern is that the
problem may spread to other areas of Europe. At present, there are few registered insecticides with different modes of
action available to farmers [seed treatment or foliar apphications) for the control of cereal aphids. This makes it difficult to
rotate insecticides with differant modes of action, which is the most e form of resi e and pest
management. in the UK the enly other foliar applied insecticides apart from the p ids are h and
carbamates which share the same mode of action (IRAC Group 1). In other countries other insecticide modes of action such
as chlerdotonal organ moedulators (IRAC Group 5) and nicotinic acetylcholine receptor agonists (IRAC Group 4) are available.
The situation might get more difficult, if further uses are restricted or insecticides are hanned from the market.

L3 of il irides against cereal aphids in your region, please work with

either your Eration or i £ ine i is the cause
of the problem s encourags them to meport thelr findings to BacC,

Resistance management advice for the UK b by the yiel i Action Group (IRAG) can be found at:
wrww gesticides gov.uk/Resources/CRDYMigrated-Aesources/Docurments/1/IRAG Grain_Aphid_Guidance 2012 pdf

gyll lst more detsils on the mechanisms of nesistance can be found Inc Foster et ol & mutation (L1014F) |nlheml.q&gmed

or-the Resistac 20T 5 o o e o oo =

its progressing a
conference. 19
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Olive Fruit Fly:
action: set up a core team

Generally, SP WG participants showed interest to cover and work on specific
dipteran topics in our meetings on an ad-hoc basis.

- Should other individuals e.g. of Lep.-WG be included as well?

Next steps might follow, e.g.:

1. Summarize current resistance situations vs. PYR

2. Exchange about methodology

3. Pro-actively release IRAC recommendations, highlight value of current options /
prevent use restrictions.

19 October, 2015
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Stinkbug — PYR resistance in South Africa:
action: finalize contract

Research efforts for two-spotted stinkbug Bathycoelia distincta in macadamia
(suspected PYR-resistance) are funded by IRAC in 2015:

Discussions are going on about the actual project definition and design of the
contract with IRAC.

* The research is performed by Gerhard Nortje

e Jan Van Vuuren is the contact partner for IRAC-SP WG.

19 October, 2015
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IRAC INDIA:
action: kick-off for sucking pests topics?

IRAC INDIA (Nigel Godel, Lepidopteran Working Woup):

- they are resuming activity
- on September 10t™: hold a face to face at the Bayer office in Mumbai

- Nigel provided already:
- Latest revised Guideline decided by IRAC Global for the countries
- Latest update on global activities which can be shared with group.
- Guidance us on the objectives and expectation of global IRAC team from
India

- Nigel will send further material next months, incl. 2014 Lep. group summary,
which contains the overview of activities, 2015-16 smart objectives and
challenges

=>» Is there any other specific guidance from Sucking Pest working group and
encouragement we can provide to the new IRAC India team?

19 October, 2015
22 IRAC’
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Thanks to the IRAC SPWG team and
external consultants for their support
to manage global Sucking Pest
Resistance!
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