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Overview

» The biological target:

U MoA and product selection

U importance oftiming

U PHI (residues, dosage and application)

»Nozzles and targeting (mostly hydraulic)
) Calibration (to p.m.)
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Targeti ng e
Why?

How to apply?

What to apply?



Resistance

& Monitoring
O Strategy for managemen




MoA Classification CroDI_rFe \d

Mode of action (M0A) describes the way a pesticide
attacks some biological process (often a biochemical
pathway in a particular kind of living cells)

In order to understand and manage resistance and so
minimise impact on crop production, four Resistance Action
Committees exist as Specialist Technical Groups of CropLife
International

(formerly the Global Crop Protection Federation and GIFAP).

Pesticide types (herbicide, insecticide etc.)

Herbicides (HRAC) http://hracglobal.com/
Insecticides (IRAC) http://www.irac-online.org/
Fungicides (FRAC) http://www.frac.info/
Rodenticides (RRAC) http://www.rrac.info/




CropLife resources

KNOWING YOUR INSECTICIDE
ODF, OF ACTION IS THE KEY TC
RESISTAN MANAGEMENT |

Do you know? Follow this rule

* Although there may be
many insecticides available
to growers, many control

insects with the same mode

'Y of action

To prevent resistance, alternate
insecticide with different mode of
action numbers.
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When insecticides with the

same mode of action are
’ used repeatedly, insecticide
4
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resistance can develop

quickly and the insecticide
stops working
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http://croplife.org/wp -content/uploads2016/04/Leafleton-IRM_highres.pdf



Resistance management strategy: general

1. Minimisepesticides use withPM measures:
A Action thresholds
A Target the most susceptible litages othe pest

A Useinsecticides which have a minimiaipacton
natural pestenemies

2. Cycleproducts containing different MoA

3. Stop using productwith similar mode of
actionif it is known that thgarget pests
have become resistanb them

4. Accurate applicationdosage and volume
application rates

5. Avoid counterfeit productX




Insecticide Mode of Action

Classification:

A key to effective insecticidesesistance manageme

CropLife

Moulting &
Metamorphosis

Group 18 Ecdysone agonist / disruptor
Diacylhydrazines (e.g. Tebufenozide)

Group 7 Juvenile hormone mimics

JH analogues, Fenoxycarb, Pyriproxyfen, etc

Midgut
Group 11 Microbial disrybtors of

insect midgut membrangs
Toxins produced by the

varieties (specific cross

resistance sub -groups

Metabolic Processes

Many groups acting on a wide range of metabolic
processes including:

Group 12 Inhibitors of oxidative phosphorylation,
disruptors of ATP

Diafenthiuron & Organotin miticides

Group 12 Uncouplers of oxidative phosphorylation
via disruption of H proton gradient - Chlorfenapyr

Cuticle Synthesis
Groups 15 and 16 Inhibitors of
chitin biosynthesis
Benzoylureas (Lepidoptera and
others), Buprofezin
(Homoptera)

Nervous System

Groups 1A & B Acetylcholinesterase (AChE) inhibitors
Carbamates and Organophosphates

Group 2 GABA -gated chloride channel antagonists
Cyclodienes OCs and Phenylpyrazoles (Fiproles)
Group 3 Sodium channel modulators

DDT, pyrethroids, pyrethrins

Group 4A Acetylcholine receptor (nAChR) agonists
Neonicotinoids

Group 5 nAChR agonists (Allosteric) [not group 4A]
Spinosyns

Group 6 Chloride channel activators

Avermectins, Milbemycins

Group 22 Voltage dependent sodium channel blocker
Indoxacarb

N -specific

) Compounds of non -

Metabolic
processes

Group 20 Mitochondrial complex
Il electron transport inhibitors
Acequinocyl, Fluacrypyrim, etc
Group 21 Mitochondrial complex |
electron transport inhibitors
Rotenone, METI acaricides
Group 23 Inhibitors of lipid
synthesis

Non-specific MoA
Group 10 Compounds of non -
specific mode of action (mite
growth inhibitors)

Clofentezine, Hexythiazox,

Tetronic acid derivatives
Etoxazole

IRA - IRAC website: www.irac -online.org

Insecticide Resistance Action Committee

V5.3, July 2007



Modes of action and resistance management

2 Nerves and muscles:
groupsl-6, 9, 14, 22, 28

= Growth development
and mou |t| ng . A specific Mode of Action will target a specific part/

g rou pS 15_17 function of an insect

Nerve
O Respiration: L_feedne
gr0up21 Growth /
A ~——7 ' Development/
f ¢ K S A y é R@“@Jlu Molting
digestivetract: -
g rou p 11 Digestive LA
Reproduction et Eriergy/ Musclo




MoA not to be confused with Mode of dose transfer

to a targetpest:

/. Direct .\ Secondary contact Ingested
l'p‘r'.lr pﬂntact I.""I. ~

Repellent Fumigant Lure and Kill

Modified from original by
J Cooper & H Dobsaon



Herbicide resistance

Glyphosate
resistant
ryegrass

© Resistancstill rare: but becoming more common

© implicationsare profoundwhen it does occuf
especially in genetically modified (GM) crops.




Fungicide resistance risk: very high with rice blast

International cases (FRAGJ0A

©1971(6Yyr D |
kasugamycin

21977 Oyr) F2
phosphorothiolates

21998 @ yr) C3
strobilurins

22002 @ yr) |
melaninbiosynthesis
Inhibitors (MBI)




MoA used in VN (2015): n~ n Bhap survey

MoA Action / active |Examples
code group

QoHungicides azoxystobintrifloxystrobin

|:2 (strobiluring edifenphos iprobenfos(IBP),
Cell membrane Isoprothiolane

Gl | . .

disruption difenoconazole

(phosphorothiolatey hexaconazolgpropiconazole

Triazoles tebuconazole

|11 melanin biosynthesistricyclazole
Inhibitors (MBI) In
fungal cell wall




Resistance management & MoA

Season 1
MoOA group X

Season 3 Season 2
MOA group Z MOA group Y

& Generations, purchases?
© Al¢ MoA coformulated mixtures?



Complexity Y Communicat.

© The main method of communication between
an agrochemical company and the user.

! T. "*5 o y

Always read the label and get advice before using a crop protection product



200B 1118 BCS LT A E N

China: priority for Al

758/

8 '-. ?.a;emw%
6255/ % ““'*
6:25% o] vassa. wavusins
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Resistance
management
dependent on

knowing the e ———
active mqredlen(AI) "ZL‘, S Sl
a.k.a. the

active substance( s) T skt LA RS i S

'\P' it
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S687.5 fluopicolide 62.5 g/l+ propamocarbhydrochloride625g/I



Mode of Action (MoA ) labelling?

CAUTION

KEEP OUT OF REACH OF CHILDREN
READ SAFETY DIRECTIONS BEFORE OPENING OR USING

Product Name

SELECTIVE TURF HERBICIDE

ACTIVE CONSTITUENT: 22.5 g/L FORAMSULFURON

'GROUP [EM HERBICIDE

Product Name

INSECT CONTROL
WITH THE ACTIVE INGREDENT

W is a suspension concentrale.

Contains 043 |b. active ingredient per gallon,

Active Ingredient By Weighi
Chlorantraniliprole
J-Bromo- N-[4-chloro-2-methyl-6-[(methylaminojcarbony | fphenyl |- T-0 3-chloro-2- pyridinyl - | H-pyragale-
S-carboxamide 5%
Ciher Ingredients G55
TOTAL L W0

EPA Reg. No, EPA Est, MNo.



Action Thresholds:

Only apply when
necessary

Proposed Table
for VN

Crop stage vegetative 40 days (tillering booting to ripening| **
phase: first 40 d. to booting flowering
Module: (new format) 3 57

o |

Seading Transplansing

Key:

Pesticide application
Avoid if
possible or
Unlikely to
be effective
Donot apply
pesticides

Pest:

Planthoppers:

BPH WBPH

2-3 insects ftillerif virus diseasg arenot
present on farm(see box L

BPH, GLH & other
hoppers:virus risk

ONLY in response to warnings from local authorities
(agricultural officers) or ven symptoms seen in fields

Leaffolder and other
leaf feeders *

100livinginsects | 40livinginsects

per nt per nt

Stem borers

2 egg masssper one egg mass per
mz(see parasitism{)| 2 nt T

Thrips

Insecticides metly ineffectiveor not

Gall midge

economic to control

Panicle rice mite/
sheath rot

identify problemif > 5% flag leaves with
lesions(pesticides probably not effective)

Rice blas{with
susceptible varietiey

Max. 3
sprays /
season

Spraymax.2 Xfor
neck blasif disease
present and humid

Progressive scoutingséebox 2)
increasing lesions ob0%of leaves: 10
leaf samples in 4 sides of the field

Bacterial leaf blight

Chemical controls havenited efficacy
only apply at early stage of disease

Late season pests:
especiallyrice bugs

10 insects per m at milky
stage(7-10d after flowering)

Herbicides

if direct seeded

CGolden Apple Shails

GAS: 10 /rif >1 ha

Rodents

Community strategy at earlyage



Pesticide residues

© Timing
o Dosage => application




Residues can cost (big) money!

VN XPRESS The most read Vietnamese newspaper

NNNNNNNNNNNNN

# News Business Travel&Llife Video World

Business

@ Highlevels of Vietnam suspends rice exports to US
pesticide residue in after pesuclde Vlolatlons

Sh|pmentS Ohlgh— y ToanDao October 1, 20 | - - ¥

B - -

guality (jasmine) nce—-—- = .

0 8 active substances * e
(or ingredients: Al) ""E""" >
exceeding MRL were.
found: all commonly:
used Iin rice

0 Rejected94 rice
containers(1,700

AR \ | ) .
to n S) Of ri Ce Photo by Vietnam News Agency

The U.S. rejected 1,700 tons of rice from Vietnam during January-April.



Common name —

Cautionary notice |

Registration no.

or information |

Application

Colour band (based —{;

on Hazard class)

*1
|
e
Instructions _*’l
D

Trade name

Active ingredient

Batch no.
Date mfr. & expiry

—+— Quantity

|  Pre-harvest

Instructions

=h{— Safety measures

_ 4l First aid,

antidote

— Pictograms:

handling instructions



Pesticide labels: PHI

Pre-harvest interval (PHI)

I 4

4

_(————- Application window




Pesticide break -down and food safety

2 Relies on pesticide breakdown pathways
o Trading standardgs the Maximum Residue Limit (MRL of an Al)
2 X not the same as (but usually better than) known safety limits

— High rate
—— Label rate
— Low rate

Dosage (residue)
on produce h

| e — —

PHI
(axes are linear) time after application




Biological activity: of the active ingredient (Al)

LD, the median lethal dose

100 -

80 -+

% responding
th

2 2 o

o =2 O

20 A

10 100 LDs, 1000 10000
dose (log scale)



(Human) safety margins

100

NOEL LD, (steepest part

of response curve:
greatest acctiracy)

Acceptable
level

Percentage of test animals
showing response
N
o

|
1 10 100 1000 10000

2 What proportion of the general public understand
these concepts (even in outline)?




60Safetyo margins r el

breakdown
degradation time (half life)

ASimplified
ABreakdown product s

— Double rate
—— Label rate
— Half rate

pesticide concentration

v T

@ time after application

(axis scales are linear)




Normal 1007
response to  *-
pesticide 30 -
application -

60 —
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% responding

100

80

60

40

20

Linear scales

500 1000 1500 2000 2500

dosage (lin scale)



% responding
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Log X axis
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Dosage and application

Typical application
' —— Qverdose

— Label dosage

Improved application
—— Reduced dosage

| | | | | —

0 50 100
Pest mortality (%) time after application



Coffee break

@ What is the LE) of caffeine?



Substance Trade Name Use Oral LD50
examples (Rats)
mg/kg
Amphetamine Drug 5
Methomyl Lannate, Marlin | Insecticide 13
Strychnine Poison 16
Nicotine Tobacco Tobacco 50
MDMA Ecstasy Drug 106
Chlorpyrifos Dursban OP Insecticide 135
Caffeine Coffee Coffee beans 150
Paraquat Gramoxone Herbicide 138
Aspirin Aspirin Painkiller 350
2, 4-D amine Seldom used. Herbicide 300
DDT Not sold Insecticide 500
Penicillin Several products | Antibiotic 1000




Pendimethalin Stomp Herbicide 1150
Malathion Malathion OP Insecticide ]{OO
Isoproturon IPU Herbicide __&25
EDTA Various Makeup, soap, é{) 2000
lotions
Fluroxypyr Starane Herbici >2000
Sodium Chloride | Common Salt F&) ditive 3300
Tebuconazole Folicur %ungicide 4000
Chlorothalonil Bravo 69" Fungicide 4200
Glyphosate Rounqso Herbicides 4300
Metsulfuron- QJQO Herbicide >5000
methyl
Chlormequﬁ‘_"_'bCycocel Growth Regulator 6000
Trifluralin Treflan, Trifluralin | Herbicides >10000
Ethyl alcohol Alcohol 14000




Improving application: nozzles

»Droplet size?
U Nozzle design / size
U Pressure, ~ management

) Flow rates?
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Limitations of equipment
Are we trying to apply 21st SPRAYING OF PLANTS

cen t ur y con t I Oa FL{CihClaCl m & ,1§L1; ,Ppmmeu

AN Eliﬁ(.l. I{J'*il 0OF

using technology of the 19t LIQUIIR AD POWDERS To LLAYIS

IR THE l’LTHl‘l:ISE 4OF -

centu ry? STROYISG INSECTS

ANy WUNGT

EY

H. ;. TODEMAN

Inarz-onk 4 HopTjeoirrne = Tak Cusshiol TelvansTTt

WiTH A4 FREFLOE BY

B T. GALLODWAY

Tmzg oF TFR Davistar oF VEselavce Paraosioeay, TTHITRER brices
TIRT AZTHENI Gr AGRICTUTIHE

Wit Pock
MACMILLAX AND €O.

ANT LaxL0OXN

1546

F1g, 138, —f8pray nozgles. o, gradu-
ating spray “lrem s A, 4 Doas v
¢, ' Buridceux ??

AR rIphin rexerved
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Cone nozzles

ol adzrtfte FAYS &LINY eéa TIh
2 Local manufacture (low engineering tolerances)
2 Very common In Asia!

break-up of conical sheet




Nozzles: original standard types

A (Variable cone)

:

A Hollow cone

A Flat fan

©

A Deflector

G’Q







