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Global Effort to Maintain Susceptibility of the Ryanodine Receptor 
Modulators and Other Insecticide Modes of Action: Efforts of the 

IRAC International Diamide (Group 28) Working Group 

The	
  IRAC	
  Interna-onal	
  Diamide	
  Working	
  Group	
  
WHO	
  ARE	
  WE?	
  
The	
  IRAC	
  Interna-onal	
  Diamide	
  Working	
  
Group	
  was	
  created	
  in	
  2007	
  to	
  prevent	
  or	
  
delay	
  the	
  development	
  of	
  insect	
  resistance	
  
to	
  the	
  diamides,	
  a	
  new	
  mode	
  of	
  ac-on	
  
chemical	
  class,	
  	
  by	
  founding	
  member	
  
companies	
  Nihon	
  Nohyaku/Nichino,	
  DuPont	
  
Crop	
  Protec-on,	
  Bayer	
  Crop	
  Science,	
  and	
  
Syngenta	
  and	
  supported	
  by	
  IRAC	
  
Interna-onal	
  and	
  Crop	
  Life	
  membership	
  
companies.	
  

WHAT	
  WE	
  DO	
  AND	
  WHY?	
  
The	
  IRAC	
  Diamide	
  Working	
  Group	
  
promotes	
  sustainable	
  use	
  of	
  	
  all	
  insec-cides	
  
through	
  industry	
  educa-on	
  and	
  
implementa-on	
  of	
  IRM	
  disciplines	
  and	
  
strategies.	
  The	
  main	
  objec-ve	
  of	
  the	
  
Diamide	
  team	
  is	
  to	
  maintain	
  the	
  longevity	
  
of	
  all	
  crop	
  protec-on	
  products	
  available	
  to	
  
growers	
  by	
  preven-ng	
  or	
  delaying	
  the	
  
development	
  of	
  resistance	
  to	
  insect	
  pests.	
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✓ Iden-fy	
  and	
  priori-ze	
  high	
  
resistance	
  risk	
  and	
  
respec-ve	
  crop	
  systems.	
  

Tuta	
  
absoluta	
  

Spodoptera	
  
exigua	
  

Plutella	
  
xylostella	
  

✓ Educate	
  the	
  industry	
  through	
  
grower,	
  company,	
  professional,	
  
and	
  trade	
  mee-ngs	
  

“Train-­‐the-­‐
Trainers”	
  sessions,	
  
Philippines,	
  China,	
  

Plutella	
  
xylostella	
  
workshops	
  

Thailand,	
  Japan	
  

✓ Create	
  country	
  Diamide	
  IRM	
  
Working	
  Groups	
  &	
  provide	
  
guidance	
  &	
  tools	
  to	
  effec-vely	
  
implement	
  local	
  IRM	
  programs.	
  

✓ Develop	
  tes-ng	
  assays,	
  create	
  baseline	
  suscep-bility	
  data,	
  
assess	
  field	
  tolerant	
  popula-ons,	
  and	
  help	
  coordinate	
  
response	
  plan	
  to	
  resistance.	
  

✓ Develop	
  global	
  IRM	
  
guidelines	
  for	
  adapta-on	
  &	
  
implementa-on	
  in	
  local	
  
country	
  markets.	
  

Status	
  of	
  Plutella	
  xylostella	
  resistance	
  
to	
  Diamides	
  

General	
  IRM	
  Mode	
  of	
  Ac>on	
  
Rota>on	
  Recommenda>on	
  

Grower	
  
Mee-ngs	
  

P.	
  xylostella	
  resistance	
  to	
  
diamide	
  products	
  occurred	
  
within	
  18	
  months	
  aUer	
  
launch	
  of	
  flubendiamide	
  in	
  
BangBuaThong,	
  Thailand	
  in	
  
2009.	
  	
  The	
  following	
  year,	
  	
  

DBM	
  resistance	
  to	
  all	
  diamides	
  in	
  crucifer	
  	
  
produc-on	
  	
  was	
  	
  observed	
  in	
  	
  Cebu,	
  	
  
Philippines	
  	
  and	
  	
  in	
  2011	
  it	
  was	
  reported	
  in	
  Yin	
  
Lin	
  and	
  Chang	
  Hwa,	
  Taiwan,	
  Guangzhou	
  area	
  
of	
  China,	
  Bangalore,	
  India,	
  East	
  Java,	
  
Indonesia,	
  and	
  NE	
  Brazil.	
  Tolerant	
  popula-ons	
  
are	
  localized	
  within	
  countries	
  while	
  
suscep-ble	
  popula-ons	
  s-ll	
  remain.	
  The	
  
mechanism	
  of	
  resistance	
  is	
  believed	
  to	
  be	
  
metabolic	
  and	
  to-­‐date	
  has	
  been	
  cross-­‐
resistant	
  to	
  all	
  diamide	
  products.	
  	
  

Ac-vi-es	
  of	
  the	
  IRAC	
  Diamide	
  Working	
  Group	
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General	
  Positioning	
  Guidelines
IRM	
  guidelines	
  below	
  show	
  least	
  to	
  best	
  product	
  rotaton	
  recommendations

Year	
  1 Year	
  2 Year	
  3 Year	
  4

1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen

Year	
  1 Year	
  2 Year	
  3 Year	
  4

1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen

MoA 1
MoA 2

MoA 3
MoA 4

Year	
  1 Year	
  2 Year	
  3 Year	
  4

1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen

Year	
  1 Year	
  2 Year	
  3 Year	
  4

1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen 1st	
  Gen 2nd	
  Gen

No alternation/rotation
High selection pressure
No recovery of sensitive 
population.

No alternation/rotation
High selection pressure
No recovery of sensitive 
population.

Rotation among generations 
Following generations are not 
exposed to same MoA. Selection 
pressure doesn’t increase  within 
the generation. Recovery of 
susceptible population.

Rotation among generations 
Following generations are not 
exposed to same MoA. Selection 
pressure doesn’t increase  within 
the generation. Recovery of 
susceptible population.

Rotation within and between
Ideal situation (very low risk) Not 
alway applicable with good 
efficacy.

Rotation within and between
Ideal situation (very low risk) Not 
alway applicable with good 
efficacy.

Rotation within generation
Consecutive generations exposed 
to same  MoA. Selection pressure 
doesn’t change between 
generations. Risk of resistance 
development for both ai’s 

Rotation within generation
Consecutive generations exposed 
to same  MoA. Selection pressure 
doesn’t change between 
generations. Risk of resistance 
development for both ai’s 

Maintaining insect susceptibility greatly depends on rotation of Diamide insecticides with effective 
products with a different MOA that eliminate Diamide-resistant individuals. Rotation with products 
that provide poor control of the target pest increases the risk of developing Diamide resistance.
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• Avoid	
  exposure	
  of	
  
consecu-ve	
  insect	
  
genera-ons	
  to	
  Group	
  28	
  
insec-cides.	
  

• Rotate	
  Group	
  28	
  
Insec-cides	
  with	
  other	
  
MoA	
  products	
  using	
  a	
  
‘window’	
  approach.	
  

1)	
  Incorporate	
  IPM	
  prac-ces	
  into	
  insect	
  control	
  program.	
  
2)	
  Follow	
  the	
  label.	
  Do	
  not	
  reduce	
  rates.	
  Follow	
  recommended	
  -ming	
  of	
  
applica-ons	
  and	
  spray	
  volume.	
  
3)	
  Know	
  the	
  MoA	
  of	
  insec-cides	
  for	
  rota-on	
  programs	
  
	
  
	
  
4)	
  	
  Rotate	
  insec-cide	
  MoA	
  groups	
  
-  Avoid	
  exclusive	
  use	
  of	
  Group	
  28	
  insec-cides	
  throughout	
  a	
  crop	
  cycle	
  for	
  

a	
  pest	
  species	
  with	
  more	
  than	
  one	
  genera-on.	
  
-  Apply	
  insec-cides	
  using	
  a	
  “window”	
  approach	
  to	
  avoid	
  exposure	
  of	
  

consecu-ve	
  insect	
  pest	
  genera-ons	
  to	
  the	
  same	
  mode	
  of	
  ac-on.	
  
-  A	
  “Treatment	
  Window”	
  is	
  defined	
  as	
  the	
  period	
  of	
  residual	
  ac-vity	
  

provided	
  by	
  a	
  single,	
  mul-ple,	
  or	
  sequence	
  of	
  product	
  applica-ons	
  with	
  
the	
  same	
  mode	
  of	
  ac-on	
  within	
  an	
  approximate	
  30	
  day	
  period	
  (15	
  -­‐	
  45	
  
days	
  depending	
  on	
  local	
  genera-on	
  -me	
  from	
  egg	
  to	
  adult).	
  Generally,	
  
this	
  “Window”	
  should	
  approximate	
  the	
  length	
  of	
  a	
  genera-on	
  of	
  the	
  
target	
  pest.	
  

-  Following	
  a	
  “Treatment	
  Window”,	
  rotate	
  to	
  a	
  “window”	
  of	
  applica-ons	
  
of	
  effec-ve	
  insec-cides	
  with	
  a	
  different	
  mode	
  of	
  ac-on.	
  

-  For	
  short	
  cycle	
  crops	
  (<	
  50	
  days),	
  consider	
  the	
  dura-on	
  of	
  the	
  crop	
  cycle	
  
as	
  a	
  “Group	
  28	
  insec-cide	
  treatment	
  window”,	
  thus	
  alternate	
  to	
  
different	
  modes	
  of	
  ac-on	
  during	
  subsequent	
  plan-ngs	
  at	
  the	
  same	
  farm	
  
loca-on.	
  

-  The	
  total	
  exposure	
  period	
  of	
  all	
  “Group	
  28-­‐ac-ve	
  windows”	
  applied	
  
throughout	
  the	
  crop	
  cycle	
  (from	
  seedling	
  to	
  harvest)	
  should	
  not	
  exceed	
  
approximately	
  50%	
  of	
  the	
  crop	
  cycle.	
   	
  	
  

Resistant	
  Management	
  Guidelines	
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Developed	
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For	
  further	
  informa-on	
  visit	
  the	
  IRAC	
  website:	
  www.irac-­‐online.org	
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Example	
  of	
  DBM	
  IRM	
  Strategy	
  -­‐	
  China	
  

Veronica Companys1, Robert Senn2, John T. Andaloro3, Luis Teixeira3, Jan Elias4,                                         
James Adams5, Ralf Nauen1, I. Billy Annan2 

 

 1 Bayer CropScience Aktiengesellschaft Alfred-Nobel-Str. 50 40789 Monheim, Germany 
 2 Syngenta Crop Protection AG Schwarzwaldalle 125, CH4058 Basel Switzerland  
 3. DuPont Company, Stine Research Center, 1090 Elkton Road, Newark DE 19711 USA 
 4 Syngenta Crop protection, Ag, Research Biology Werk Stein, Schaffhauserstrasse, WST540.1.23, CH-4332, Stein, Switzerland 
 5 Nichino America Inc.,  4550 New Linden Hill Rd, Wilmington, DE 19808, USA 

Diamide	
  insec>cides	
  are	
  IRAC	
  mode	
  of	
  ac>on	
  Group	
  28	
  ryanodine	
  receptor	
  modulators,	
  currently	
  including	
  products	
  containing	
  chlorantraniliprole,	
  cyantraniliprole,	
  and	
  flubendiamide.	
  

• Apply	
  Group	
  28	
  products	
  within	
  a	
  
“Treatment	
  Window“	
  of	
  no	
  more	
  than	
  
30	
  days	
  followed	
  by	
  a	
  window	
  with	
  
different	
  MoA	
  products	
  for	
  another	
  
approx	
  30	
  days.	
  
• Mul-ple	
  successive	
  applica-ons	
  are	
  
acceptable	
  if	
  they	
  are	
  used	
  to	
  treat	
  a	
  
single	
  insect	
  genera-on	
  or	
  are	
  used	
  
within	
  a	
  window.	
  

RLF = Rice Leaf Folder    SRSB = Striped Rice Stem Borer 

GROWER INSECTICIDE ROTATION PRACTICE: 


