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Tuta and Manage Insect Resistance

1. Update Tuta Presence
and Pest Status Globally
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BMP for Tuta absoluta

1. Update Tuta presence and pest status globally.

Tuta absoluta, Success spreading around the globe due to:

A

A

High capacity of dispersion; kilometers by flight and drifting
In winds (willem, s. et col, 2009)

High level of fruit transit from endemic areas to new areas
A South America to Mediterranean areas
A Mediterranean areas to rest of Europe and other areas as
distribution bridge

Pest dispersion to favorable climatic conditions

Lack of natural predators of the pest in the new colonized
areas

Fast development pest cycle

Species capacity of adaptation and resistance to not optimal
conditions during transport (9°C)

Favorable crop growing systems with optimal hosts (tomato)

IRAC



BMP for Tuta absoluta

1. Update Tuta presence and pest status globally.

Origin of pest

Digtribution Maps of Quarantine Pests for Europe

Tuta absoluta

@m:mynmeum @m«wymmm 2006-09-19

Mainly initial spreading in South America from Chile regigdieta, 2005
From South America to Central America and Europe

IRAC



BMP for Tuta absoluta

1. Update Tuta presence and pest status globally.
Current distribution
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BMP for Tuta absoluta

1. Update Tuta presence and pest status globally.
Sequential distribution in the Mediterranean basi@ro st base ., 2016)
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BMP for Tuta absoluta
1. Update Tuta presence and pest status globally.

Antonio BIONDI| uciaZappala GiovannalropeaGarzia GaetanoSiscarg University of Catania, ITALY antonio.biondi@unict.it

In 10 years from 3% to 60% of tomato crops
2.8 million hectares




BMP for Tuta absoluta
1. Update Tuta presence and pest status globally.

Possible areas under risk of pest spread

Main world tomato production areas at risk

Production quantities by country Average 2008 - 2014

2,303,697
13,043,782
»= 13,043,782

" FAO stats2016

b _
5000 km
| 3000 mi

A Confirmation of presence in India and Middle east makes Afganistan, Pakistan, India, Nepal and China as risk areas
(Nepal : fASensit iTotaabgolutaco rAns hionpp eomdi ng t hr e a2015 Sponsdren bydAPBS) pr oduct i o
A Actions at OIRSA (International Regional Organization for Agricultural Health) Including : El Salvador, Costa Rica HGudteasla,
Mexico,Belice Nicaragua and Panama
A Presence in Kenia and Tanzania makes that Mozambique, Mala@i, Zimbabwe, Zambia, Botswana as well as South Africa are at 'i& AG




BMP for Tuta absoluta

Lietti, M. M. M., E. Botto, and R. A. Alzogaray, 2005. Insecticide resistance in
Argentine populations of Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae).
Neotrop. Entomol. vol.34, no.1. Londrina Jan./Feb. 2005.

Tuta absoluta: a new pest for tomato growing in Europe

Willem Stdl, Frans C. Griepink, Peter van Deventer.
Plant Research International PHEROBANK, Wageningen, Holanda,

e-mail: willem.stol@wur.nl
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IRA - Best Management Practices to Contrec
- .
Tuta and Manage Insect Resistance

2. Recognize Tuta life stages, life cycle
damage, and plant symptoms
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BMP for Tuta absoluta

2. Recognize Tuta life stages, life cycle, damage, and plant sympt

-

- Tuta absolutais a micro-lepidopteraninsect The adults are
I—Ie yCIe silverybrown, 5-7 mm long. Thetotal life cycleis completedin
. iy an average of 24-38 days, with the exception of winter

"

months, when the cycle could be extendedto more than 60
days The minimal temperature for biological activity is €.

After copulation,femaleslay up to 300 individualsmall (0.35
mm long) cylindrical creamy yellow eggs, which are often
found alongsidethe rachis Freshlyhatched larvae are light
yellow or greenand only 0.5 mm in length. Asthey mature,
larvaedevelopa darkergreencolor and a characteristicdark
band posterior to the head capsule Four larval instars
develop Larvaedo not enter diapausewhenfood is available

© - ) Aduit Pupationmaytake placein the soil,on the leaf surface within
minesor in packagingmaterial. A cocoonis built if pupation

Larval developmentatime (days) . . .
at different temperatures does not take place in the soil. 10-12 generationscan be
we 78 gzﬁ produced each year. Tuta absoluta can overwinter as eggs,
27° C 24 days pupae or adults depending on environmental conditions

Underopentield conditionsTuta absolutais usuallyfound up
till 2000m abovesealevel /

p

Modified from Barrientos et al. (1998)




BMP for Tuta absoluta

2.

Tuta aboluta Life Cycle

100
80
60
40
20

Pupa
6-20d
R Adult
Re L 6-15d Il
8 10-25d|

14 15 19 22 25 27 30 31

AEgg to adult: 25 - 80 days

AThermal threshold for juvenile
development
I lower: 10 >x< 13 °C
I upper: 30 >x<35°C
(Various authors;Cuthbertson et al. 2013)
AUp to 13 generations per year

AGood cold resistance
I supercooling points: larvae
(-18.2AC), pupae (-16.7 AC),
adults (-17.8AC)
I the lower lethal time for adults

at 0AC (17.9 d), 5AC (27.2 d)
(Van Damme et al. 2015)

Antonio BIONDI, Luciappala GiovannaropeaGarzia

CGantann<iccard Inivvarcityy of Catania ITAI AMtonio biondi@iinict it



Tuta aboluta Life Cycle

Tuta:Biology Cycle

Adult

15° | 20° | 25°| 30°

Uova | 10 7 4 3

Pupa Larva | 36 | 23 | 15| 11 Eggs
6-10 Days Pupa | 21| 12 | 7 6

Total | 67 | 42 | 26| 20 | 3-o Days

Lifespan 23 | 17 | 13| 9

3rd Instar Larve

Larva
4 Life Stades
11-19 Days

New ShootDamage




BMP for Tuta absoluta

2. Tuta absoluta Adult

AAdults: 5-7 mm

AHindwings: narrow, with posterior margin with
long hairs

ALabial palpi: long and up-curved

AAntennae: filiform, banded with gray and dark
brown

Antonio BIONDI, Luciappala Giovannal ropeaGarzia GaetandSiscardJniversity of Catania, ITALahtonio.biondi@unict.it




BMP for Tuta absoluta

2

Moth Species Similar in Appearance to Tuta absoluta

Potato tuberworm
(Phthorimaeaoperculellg

Tutaabsoluta

Antonio BIONDI, Lucizappala Giovanna
TropeaGarzia GaetandiscardJniversity
Catania, ITAL¥antonio.biondi@unict.it

Photo credit: Sangmi Lee

Tomato pinworm Keiferialycopersicella



3MP Tor Tuta absoluta
2. Tuta absoluta Reproduction

Arhermal threshold for reproduction (Marcano 1995)
I lower: 10 >x< 15 °C
I upper: 25>x<30 °C

ANo-refractory period for both sexes (Lee et al. 2014)
AFemale pheromone: TDDA+ TDTA(Svatog e) al. 1996
ARe-mating for both sexes (+fertility +longevity) (Lee et al. 2014)

APotential for deuterotokous parthenogenetic: virgin females can lay
fertile eggs (Caparros Megido et al 2013)

AEggs/female: 500350

>90% of eggs laid in the first 4 days (pereyra & Sanchez 2006)

Antonio BIONDI, Luciappala Giovannd ropeaGarzia GaetandSiscardJniversity of Catania, ITAL&Atonio.biondi@unict.it




BMP for Tuta absoluta

2. Tuta absoluta Eggs

AYellowish
A0.260.4mm

ALaid singularly or in small groups,
mostly in the upper side of young
leaves or in stems

.....

Antonio BIONDI, Lucizappala Giovanna
TropeaGarzia GaetandSiscardJniversity
of Catania, ITAL¥ntonio.biondi@unict.it

Photo credit: Gaetano Siscaro



2. | luta absoluta

Larvae

A0.4 - 8mm
A4 instars

AProthoracic plate
with dark posterior band

AMostly endophytic

Pupae

A3 6 5mm

Alnside a silky and sand
small cocoons in the soill

tonio BIONDI, Luciappala Giovannd ropeaGarzia GaetandSiscardJniversity of Catania, ITALaftonio.biondi@unict.it Photo credit: Gaetano Siscaro




BMP for Tuta absoluta

Tuta absoluta larvae




BMP for Tuta absoluta

2. Tuta absoluta Damage and Symptoms

i

nfestation of tomato plants occursthroughout the entire crop cycle Feedingdamageis
causedby all larvalinstarsand throughout the whole plant. Onleavesthe larvaefeed on the
mesophylltissue,forming irregular leaf mineswhich may later becomenecrotic Larvaecan
form extensivegalleriesin the stemswhichaffectthe developmentof the plants Fruitare also
attackedby the larvae,andthe entry-waysare usedby secondarypathogenseadingto fruit
rot. The extent of infestation is partly dependent on the variety. Potential yield loss in
tomatoes (quantity and quality) is significantand can reach up to 100% if the pestis not
managed




BMP for Tuta absoluta

2. Tuta absoluta vs Lirlomyza Damage

Typical damage

Leaf damage up to 100%)
Decrease photosynthesis and
yields

Liriomyza
Spp.

Tuta
absoluta

Antonio BIONDI, LuciappalaGiovannalropeaGarzia GaetandsiscardJniversity of Catania, ITALaAtonio.biondi@unict.it
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BMP for Tuta absoluta

Tuta absoluta Damage to Growing Point




Tuta damage on stem

& VirginiaTech

Invent the Future
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BMP for Tuta absoluta




2.
Tuta absolutad Host plants
A Solanumlycopersicum(tomato) A Solanumnigrum (European black
A Solanumtuberosum(potato) nightshade) main wild host
A Solanummelongena(eggplant) A Solanumbonariease
A Capsiumannuum (pepper) A Solanumsisymbriifolium
A Nicotianatabacum (tobacco) A Solanumsapponaceum
2 So'a”“m”igr“m_ A Lycopersicunpuberulum
Daturastramonl.urrT R Daturaferox
A Solanumeleagnifolium A Lyciums
A Physaligperuviana(Cape gooseberry) y -
Occasional reports on nesolanacaougplants é’.ff#m;}"\%\ﬂ =N
L r | AseS

\ < o ”
Antonio BIONDI. LucBappalaGiovannaroneaGarzia GaetandSiscardJniversity of Catania. ITALXNtonio.biondi@ unict.it



Slides 1822, 25,28 were contributed by
the following academic institutions:

Nicolas DESNEUX

French National Institute for Agricultural Research,
INRA, Sophia Antipolis, FRANCE

Antonio BIONDI
Lucia Zappala, Giovanna Tropea Garzia, Gaetano Siscaro
University of Catania, ITALY

antonio.biondi@unict.it

PVirginiaTech @D =

Invent the Future




IRA - Best Management Practices to Contrec
- .
Tuta and Manage Insect Resistance

3. Tuta control products, resistance
publications, and method to
evaluate efficacy.
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

IRAC Mode of Action Groups for Registered* Tuta Control Products

. IRAC .
Chemical Class Group Mode of Action
Acetylcholinesterase  (AChE)
Organophosphates 1B inhibitors
) Sodium channel modulators
Pyrethroids 3A
Nicotinic acetylcholine receptor
Spinasyns ] allosteric modulators
Avermectins, 6 Chloride channel activatars
Milbemycins
Uncouplers of oxidative
- ’ phosphorylation via disruption
Pymoles 13 of the proton gradient
o Do s et
analogues
Inhibitors of chitin
Benzoylureas 15 biosynthesis, type .
Diacylhydrazines 18 Ecdysone receptor agonists
Voltage-dependent sodium
Oxadiazine 22A channel blockers
Voltage-dependent sodium
Semi-carbazone 22B channel blockers
Ryanodine receptar
Diamides 28 modulators

Tetranortriterpenoid UN

Compounds of unknown or
uncertain MoA

* |nsecticide registrations
from multiple countries
and regions

IRAC



3. Tuta control products, resistance publications, and method to evaluate efficacy.

. List of compounds registered for control of Tuta absoluta (source IRAC).

Chemical Class

Compounds

Organophosphates

Pyrethroids

Spinosyns

Avermecting,

Biopesticide

Pyrroles

Nereistoxin
analogues

Benzoylureas

Diacylhydrazines
Oxadiazine
Semi-carbazone
Diamides

Tetranortriterpenoid

Chlorpyrifos, Methamidophos

Bifenthrin, Cyfluthrin,  beta-Cyfluthrin, gamma-Cyhalothrin,
lambda-Cyhalothrin, Cypermethrin, alpha-Cypermethrin,
beta-Cypermethrin, zeta-Cypermethrin, Delthamethrin,
Esfenvalerate, Etofenprox, tau-Fluvalinate, Fenpropathrin,

Permethrin

Spinetoram, Spinosad

Abamectin, Emamectin benzoate

Bacillus thuringiensis aizawai, Bacillus thuringiensis kurstaki

Chlorfenapyr

Cartap

Diflubenzuron, Flufenoxuraon, Lufenuron,
MNoviflumuron, Teflubenzuron, Triflumuron

Novaluron,

Chromafenozide, Methoxyfenozide, Tebufenozide

Indoxacarb

Metaflumizone

Chlorantraniliprole, Flubendiamide

Azadirachtin

IRAC



3. Tuta control products, resistance publications, and method to evaluate efficacy.

Example Rynaxypyr®: Susceptibility of -Bith5 trials in Mediterranean Basin

Tuta absoluta (2015)

100.00 ®

Vi, 2

70.00
I

74

60.00
50.00
40.00
30.00
20.00
10.00

0.00
0.001 0.01 0.1 1 10 100 1000 10000

Prog Rates(Log scale)

%Mortality

I~

—8— 2015 GRE Gargaliani Rikia FNR-15-093 —8— 2015 GRE Gargaliani Rikia FNR-15-094
2015 GRE lerapetra lerapetra FNR-15-068 —@— 2015 GRE lerapetra lerapetra FNR-15-069
—8— 2015 GRE lerapetra Kalogeri FNB-15-308 —8— 2015 GRE lerapetra Kalogeri FNB-15-309
—8— 2015 GRE lerapetra Kalogeri FNB-15-310 —@— 2015 GRE Trifilia Gargaliani FNR-15-107
—8— 2015 GRE Trifilia Gargaliani FNR-15-108 2015 ISR Nitzana Kmehin FNB-15-259
2015 ISR Nitzana Kmehin FNB-15-260 2015 ITL Marina Di Acate 1 Marina Di Acate 1 FNR-15-103

2015 ITL Marina Di Acate 1 Marina Di Acate 1 FNR-15-424 2015 ITL Marina Di Acate 2 Marina Di Acate FNR-15-095
2015 ITL Marina Di Acate 2 Marina Di Acate FNR-15-09@=—2015 ITL Ragusa 1 Ragusa 1 FNR-15-085

—— 2015 ITL Ragusa 1 Ragusa 1 FNR-15-086 —@— 2015 ITL Ragusa 2 Ragusa 2 FNR-15-070

—— 2015 ITL Ragusa 2 Ragusa 2 FNR-15-071 —@— 2015 SPA Almeria Almeria FNR-15-120

—8— 2015 SPA Almeria Almeria FNR-15-121 —8— 2015 SPA La Mojonera La Mojonera FNO-15-008
—8— 2015 SPA La Mojonera La Mojonera FNO-15-009 2015 SPA Lorca Puntas De Calnegre FNB-15-313
—0— 2015 SPA Lorca Puntas De Calnegre FNB-15-314 2015 SPA Mazarron Canada De Gallego FNO-14-274

2015 SPA Murcia La Palma FNB-15-315 —8— 2015 SPA Murcia La Palma FNB-15-316



3. Tuta control products, resistance publications, and method to evaluate efficacy.

Example Rynaxypyr®: 2015 trials in Mediterranean Basin EC

Location EC50 EC50 Lower

EC50 Upper

2015 Andalucia, Almeria, Almeria
2015 Andalucia, Almeria, La Mojonera
2015 Extremadura, Merida, Villaverde
2015 Lasithion, Lasithi, lerapetra
2015 Lasithion, Lassithi, Kalogeri
2015 Messinia, Messinia, Gargaliani
2015 Messinia, Messinia, Rikia
2015 Murcia, Region de, Cartagena, La Palma
2015 Murcia, Region de, Murcia, Canada De Gallego
2015 Murcia, Region de, Murcia, Puntas De Calnegre
2015 Not Specified, Negev, Kmehin
2015 Siracusa, Syracuse, Marina Di Acate
2015 Siracusa, Syracuse, Marina Di Acate 1
2015 Siracusa, Syracuse, Ragusa 1
2015 Siracusa, Syracuse, Ragusa 2

0.185
0.473
0.130
1584.124
16.030
0.431
122.581
0.132
0.114
1.426
0.812
694.217
348.705
4.690
85.619

0.129
0.376
0.005
871.436
9.930
0.332
93.813
0.099
0.048
1.101
0.463
495.238
195.208
2.794
57.547

0.249
0.592
0.260
3672.996
25.867
0.551
157.751
0.170
0.175
1.801
1.333
970.000
621.830
7.262
145.509




3. Tuta control products, resistance publications, and method to evaluate efficacy.

Examples of Tuta resistance
to Insecticides:

IRAC



l

. Tuta control products, resistance publications, and method to evaluate efficacy.

Abamectin cartap, permethrin, methamidophos

Siqueira H.A.A.Guedes R.N.CFragosoD.D.B. an#lagalhaesL.C., 2001.
Abamectinresistance and synergism in Brazilian populationButé absoluta
(Meyrick)(LepidopteraGelechiidag International Journal of Pest
Management47(4), pp.24+4251.

Failures in the control of the tomateafminerTuta absoluta (Meyrick) by meansaidamectinin
Brazil, and a recent report abamectinresistance in Brazilian populations of this pest species, led
to the investigation of the possible involvement of detoxification enzymes using insecticide
synergists. Resistance abbamectinwas observed in all populations when compared with the
standard susceptible population, with resistance ratios ranging fromté.2.4-fold. Piperonyl
butoxidewas the most efficient synergist withamectinsynergism ratios ranging from 310
5.3fold and providing significant resistance suppression, but complete suppressabammiectin
resistance was only obtained in one population of T. absolUitgphenylphosphatevas an
abamectinsynergist which was not as efficientgiperonylbutoxide but it provided complete
suppression odbamectinresistance in four of the six resistant populations studied, suggesting a
major involvement oesterasess anabamectinresistance mechanism in these populations. The
importance of cytochrome P450, inhibited pyperonylbutoxide, seems secondary testerases
Diethyl maleate also synergizalamectinin nearly all populations, but provided only partial
suppression ohAbamectinresistance in théeafminerpopulations studied. Therefore, glutathione
Stransferases seem to be of minor importance asabamectinresistance mechanism in Brazilian
populations of T. absoluta .

36
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l

. Tuta control products, resistance publications, and method to evaluate efficacy.

Spinosad

Campos, M.R., Rodrigues, A.R.S., Silva, W.M., Silva, T.B.M., Silv&teBeER.N.C. and
Sigueira H.A.A., 2014. Spinosad and the tomato borer Tuta absolltmimsecticide an
invasive pest threat, and high insecticide resistafieSone, 9(8), p.e103235.

The introduction of an agricultural pest species into a new environment is a potential threat to

I AINRSO2aeaiasSvya 2F GKS Ay @FRSR INBIF® ¢KS LIKedz2aly
phenotype expresses traits that will impair the management of that species. The invasive tomato borer, Tuta
absoluta (Meyrick) (Lepidopter&elechiidag is one such species and the characterization of the insecticide
resistance prevailing in the area of origin is important to guide management efforts in new areas of
introduction. The spinosad is one the main insecticides currently used in Brazil for control of the tomato
borer; Brazil is the likely source of the introduction of the tomato borer into Europe. For this reason, spinosac
resistance in Brazilian populations of this species was characterized. Spinosad resistance has been reportec
Brazilian field populations of this pest species, and one resistant population that was used in this study was
subjected to an additional seven generations of selection for spinosad resistance reaching levels over
180,000fold. Inheritance studies indicated that spinosad resistance is monogenic, incompletely recessive an
dzi2a2Ylf 6AGK KAIK KSNRGIOAfAGE 6KH T nodtmMOP {L
I yS3AFGAGS NI GS 2F OKFy3aS Ay (GKS NBaAaillEstaeSest SOS
and cytochrome P4568ependent monooxygenases titration decreased with spinosad selection, indicating
that these detoxification enzymes are not the underlying resistance mechanism. Furthermore, the cross
resistance spectrum was restricted to the insecticide spinetoram, an@hi@osyn suggesting that altered

target site may be the mechanism involved. Therefore, the suspensgpiraisynuse against the tomato

borer would be a useful component in spinosad resistance management for this species. Spinosad use agai
this species in introduced areas should be carefully monitored to prevent rapid selection of high levels of
resistance and the potential for its spread to new areas.

IRAC



3. Tuta control products, resistance publications, and method to evaluate efficacy.

Tuta populations resistant to diamides
have been found in: Crete, Greece, Sicily,
Diamides Italy, SW Spain, and IsraglJan 2017

Roditakis E.,VasakisE.,Grispoy M., StavrakakiM., Nauen, RGravoui] M. andBassi A.,
2015. First report of Tuta absoluta resistance to diamide insecticidesnal of pest
science88(1), pp.916.

Insect ryanodine receptors (RyR) are the molecular tasgetfor the recently introduced diamide insecticides.
Diamides are particularly active on Lepidoptera pests, including tofeatminer Tuta absoluta (Lepidoptera:
Gelechiidag High levels of diamide resistance were recently described in some European populations of T.
absoluta, however, the mechanisms of resistance remained unknown. In this study the molecular basis of diami
resistance was investigated in a diamide resistant strain from ItalEIIASD4), and additional resistant field
populations collected in Greece, Spain and Brazil. The genetics of resistance was investigated by reciprocally
crossing strain FGELASD4 with a susceptible strain and revealed an autosomal incompletely recessive mode of
inheritance. To investigate the possible role of targiéé mutations as known from diamondback moth (Plutella
xylostella), we sequenced respective domains of the RyR gene of T. absoluta. Genotyping of individ@GHs Af IT
SD4 and fielatollected strains showing different levels of diamide resistance revealed the presence of G4903E &
14746M RyR targedite mutations. These amino acid substitutions correspond to those recently described for
diamide resistant diamondback moth, i.e. G4946E and 14790M. We also detected two novel mutations, G4903V
and 14746T, in some of the resistant T. absoluta str&taslioligandinding studies with thoracic membrane
preparations of the IGELASD4 strain provided functional evidence that these mutations alter the affinity of the
RyR to diamides. In combination with previous work on P. xylostella our study highlights the importance of posit
G4903 (G4946 in P. xylostella) of the insect RyR in defining sensitivity to diamides. The discovery of diamide
resistance mutations in T. absoluta populations of diverse geographic origin has serious implications for the effic
of diamides under applied conditions. The implementation of appropriate resistance management strategies is
strongly advised to delay the further spread of resistance.

IRAC



3. Tuta control products, resistance publications, and method to evaluate efficacy.

[ -cyhalothrin, taufluvalinate

Haddi K., Berger, MBielza P.,Cifuentes D., Field, L.M., Gorman, RapisardacC.,
Williamson, M.S. and Bass, C., 2012. Identification of mutations associated with
pyrethroid resistance in the voltaggated sodium channel of the tomato leaf miner
(Tuta absoluta)lnsect biochemistry and molecular biolpd$%(7), pp.506513.

The tomato leaf miner, Tuta absoluta (Lepidoptera) is a significant pest of tomatoes that has undergone a
rapid expansion in its range during the past six years and is now present across Europe, North Africa and
parts of Asia. One of the main means of controlling this pest is through the use of chemical insecticides. In
the current study insecticide bioassays were used to determine the susceptibility of five T. absoluta strains
Saidlot AaKSR FTNRY FASEtR O2ttSO0A2ya FTNRY 9dzNRLIS |
cyhalothrin and tadluvalinatewere observed in all five strains tested. To investigate whether pyrethroid
resistance was mediated by mutation of the payae sodium channel in T. absoluta the {B46 region of

the para gene, which contains many of the mutation sites previously shown to confer knocklabyge
resistance to pyrethroids across a range of different arthropod species, was cloned and sequenced. This
revealed that threekdr/super-kdr-type mutations (M918T, T9291 and L1014F), were present at high
FNEI|jdzSYyOASa gAGKAY it FAQDS -ANBARRBDP yWK A& NI & yEK S (7
these mutations together in any insect population. Htghoughput DNAbased diagnostic assays were
developed and used to assess the prevalence of these mutations in 27 field strains from 12 countries.
Overall mutant allele frequencies were high (L1014F 0.98, M918T 0.35, T929I 0.60) and remarkably no
individual was observed that did not cakgrin combination with either M918T or T929I1. The presence of

these mutations at high frequency in T. absoluta populations across much of its range suggests pyrethroids
are likely to be ineffective for control and supports the idea that the rapid expansion of this species over the
last six years may be in part mediated by the resistatice of this pest to chemical insecticides. IRAG



3. Tuta control products, resistance publications, and method to evaluate efficacy.

Chlorantraniliprole, flubendiamide

Roditakis E.,VasakisE.,Grispoy M., StavrakakiM., Nauen, RGravoui] M. and
BassiA., 2015. First report of Tuta absoluta resistance to diamide insecticides.
Journal of pest science, 88(1), pfi6.

The tomato borer Tuta absoluta (Lepidopte@elechiidagis an invasive pest of tomato crops

that is rapidly expanding around the world. It is considered a devastating pest and its control
heavily relies on application of insecticides. Diamides are a novel class of insecticides acting on
insect ryanodine receptors and are highly effective against lepidopteran pests. To date,
chlorantraniliprole and flubendiamide have been registered in the market and they have been
extensively used to manage T. absoluta. In this study, a survey was conducted in Greece and lItaly
monitoring diamide resistance. The populations originating from Sicily (Italy) exhibited LC50s that
ranged between 47 @435 for chlorantraniliprole and 9¢3.376 for flubendiamide, while for

Crete (Greece) LC50s ranged between €145 for chlorantraniliprole and 1¢8.4 for
FtdzoSYRAFYARS 6[/pna Ay Y3 [bmMO® [/ 2YLI NAY3I (KAA
resistance levels for the Italian populations were detected, i.e., up to 2a1idl 1,742fold for
chlorantraniliprole and flubendiamide, respectively. Resistance ratios for Greek populations were
found up to 14fold for chlorantraniliprole and 1fold for flubendiamide, suggesting that

diamide resistance is low but increasing considering monitoring data over time. Hereby, we

report for the first time, cases of resistance development to diamide insecticides in T. absoluta.
These findings underline the importance of committing to the resistance management strategies
for diamide insecticides.
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

UK Data

Tuta absoluta investigating resistance to key insecticides and
seeking alternative IPM compatible products

| . The British Tomato Growers’ Association Technical Committee requested

Dr R.J. Jacobson, RJC Ltd/liﬁnthorpe the following actions which became the focus of this project:

Garth Bramham West.Yorks LS23 6 1. Spinosad and chlorantraniliprole resistance tests be undertaken by the Insecticide
Final Report December 2015 Resistance Team at Rothamsted Research (IRT RR) to establish the current status of
Dr C Bass Rothamsted Research papulations of T. absoluta in the UK.

. 2. A desk study to search for all products used to control T. absoluta and other leaf mining
Harpenden Hertfordshire, AL5 2JQ o _ _ _
caterpillars in the Americas, Africa, southern Europe, Middle East and Far East, and

then to categorise them according their potential value within the UK tomato IPM

programme.

Summary

Part one: The original objective was to test the sensitivity of four UK strains of T. absoluta to
spinosad and chlorantraniliprole. However, one of the growers who had reported poor
results with spinosad in the early part of 2015 stopped producing tomatoes and no insects
were available from that site. That population was replaced with one from Denmark that was
associated with spinosad treatment failure in 2015, The Danish population provided added
value as one resistance test had already been completed on that strain and it was therefore
possible to investigate whether ‘tolerance’ declined when spinosad selection pressure was
removed for 7-8 months. Two IRT RR ‘susceptible’ laboratory strains were also
incorporated in the study to provide a base line. Full-dose response bioassays were
performed using the standard leaf-dip bioassay procedure outlined in the IRAC
Susceptibility Test Method 22. The LD50s (i.e. the amount of insecticide required to kill 50%
of the population) were determined for each population and resistance ratios calculated by
dividing the LD50 of the test population by the LD50 of the most susceptible laboratory

strain.

IRAC



3. Tuta control products, resistance publications, and method to evaluate efficacy.

UK Data Tuta absoluta investigating resistance to key insecticides and
Continued Seeking alternative IPM compatible products

In summary, the bioassays confirmed that 7. absoluta populations at two locations in the UK
exhibited high levels of resistance to spinosad. The levels of resistance were high enough
to seriously compromise control as both strains would show very significant survivorship at
the field rate commonly used for spinosad (87-100 mg L™). No spinosad resistance was
detected in the third UK population and other possible causes of treatment failure are being
investigated at that site. The original Danish strain showed some tolerance to spinosad but
only 8-fold greater than the most susceptible laboratory strain. This had declined to
approximately twice that of the most susceptible laboratory strain at the second test. The
interim period of 29 weeks equates to 8-9 generations of 7. absoluta at the usual
temperatures in a commercial tomato crop. It would therefore appear that in the absence of
spinosad selection pressure the more susceptible individuals in a population have some
developmental advantage and gradually become more dominant. This is good news for
growers as it indicates that spinosad should still have some value within the [IPM

programme If treatments are restricted to no more than one application per growing season.

MNone of the tested populations showed significant levels of resistance to chlorantraniliprole.
However, published information from ltaly and Greece has confirmed that resistance to this
chemical is present within southern Europe. The fact that there is currently unrestricted
importation of tomatoes infested with T. absoluta from ltaly suggests that British growers
could inherit this problem at any time. |RAC.



3. Tuta control products, resistance publications, and method to evaluate efficacy.

Two key test method documents foruta:

Insechicide Resistunce AcBon Cammitlos
WWW rac-onine.org
-
IRAC Susceptibility Test Methods Series Method No: 022
Viergion: 3
Dutails:
Method: Nec IRAC Ne. 022
Status: Approved
Spacies: Tura absolura
Species Stage Larvae L2 (zze 4.5 mm)
Oxadisczins (IRAC MoA
22), anthramede diarmides
Prodoet Class (IRAC MaA 28),
spuncsyns (ERAC Med 5)
v tas 4 -
- Comments:

In ceder to obtain homogenscoes Tata sbaoluts Larvas (xame xpe, nutrstiona] and geaseal health condition), it
beghly secomumended that insects collectod fow the fleM (F, genesation) ase buoughs o 2 Lbodatory and reared
_to the F1 genesation for evalsation of meacticide msceptbiliey
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Determination of baseline susceptibility

of European populations of Tuta absoluta
(Meyrick) to indoxacarb and chlorantraniliprole
using a novel dip bioassay method

Emmanouil Roditakis,** Christina Skarmoutsou,® Marianna Staurakaki,®
Maria del Rosario Martinez-Aguirre,” Lidia Garcia-Vidal,” Pablo Bielza,”
Khalid Haddi, Carmelo Rapisarda,* Jean-Luc Rison, Andrea Bassi® and

Luis A Teixeira'
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

Method comparison forTuta:

The 32well repli-dish assay:

A One leaflet per cell
A One larva per cell

A One compound leaf per Cellg
A 10 larvae per leaf




3. Tuta control products, resistance publications, and method to evaluate efficacy.

IRAC Susceptibility Test Methods Series

Version: 3

Method No: 022

ction Committee
www.irac-online.org

Method: No: IRAC No. 022
Status: Approved
Species: Tuta absoluta

Species Stage

Larvae L2 (size: 45 mm)

Product Class:

Oxadiazins (IRAC MoA
22),anthranilic diamides
(IRAC MOoA 28),spinosyns
(IRAC MoA 5)

Tuta absolutalarva
Photograph Courtesy of: DuPont
Crop Protection

Comments:

In order to obtain homogeneousluta absolutalarvae (same age, nutritional and
general health condition), it is highly recommended that insects collected from the fie
(F, generation) are brought to a laboratory and reared to the F1 generation for

evaluation of insecticide susceptibility.
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IRAC Susceptibility Test Methods Series Method No: 022
Version: 3
SRS Susceptibility Baselin&  Resistance Monitoring
Description:
Materials:

Insectproof containers, scissors, fine forceps, fine pointed brush, seeking pin, beakers and syringes / micropipettes for t
liquids (solutions and EC formulations), accurate balance for solids and SC liquid formulations, syringes/pipettes/masropi
for making dilutions, binocular microscope or hand lens, wire net or paper towdlS,cid2 cell plates with sealable lid*tér
papers, protective gloves, maximum/minimum thermometer, untreated tender/ young tomato leaflets.

Optional: a light box (glass surface table with a fluorescent light source underneath).

* Suggested model: BiSeryv, Rearing tray white ref: RT32W and Bassay Tray Liel cells ref: RTCV4

Methods:
This method is a leadip bioassay to be performed preferably with F1 L2 larvaenih in size):

a) Collect a representative sample of insects from a field. These may be larvae suitable for immediate testing (least pr
as these larvae may be contaminated from unknown previous field treatments or otherwise parasitized, etc.) or indi
(larvael pupae/ eggs) to be reared to second instar larvae F1 generation (preferred, homogeneous cohort). The ins
should not be subjected to temperature, humidity or starvation stress after collection. In order to obtain a represente
sample of insects from any given field, ideally a minimum of 100 larvae or pupae should be collected from each fiel
tested, in order to establish a colony of at least 50 adults. The collection of late stage larvae (e.g. 4th instar) is
recommended because they will require less plant material to develop, and'will-have shorter rearing time in-the-lab,
moth emergence will be synchronous. These moths are then reared to obtain enough L2 larvae for the bioassays.
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IRAC Susceptibility Test Methods Series Method No: 022

Version: 3

b) Collect sufficient norinfested, untreated tomato leaves. Although the test will be done using single leaflets, it is
preferable to collect entire leaves uniform in size. Tender young whole leaves are preferred. Do not allow leaves to
wilt by keeping them in a moist environment (sealed plastic bag).

c) Prepare accurate dilutions of the test compound from the identified commercial product. For initial studies, six widely
spaced rates are recommended. The use of a wetter/spreader (non ionic adjuvant) is highly recommended in order tc
obtain opti mal | eaf coverage. The adjuvant solution
water alone. As the addition of a wetting agent can significantly affect the performance of an insecticide product in a
bioassay, it is essential that details of the wetting agent and concentration used are recorded with any summary data
and that only data generated with the same type of wetting agent and concentration are compared for susceptibility
measurements.

d) Dip leaflets individually in the test liquid for 3 seconds with gentle agitation, ensuring the entire surface is emerged
equally. Then dry the treated leaflets on a wire net with upper leaf suafaad|surface) facing skywards, or on
paper towels (least preferred). Do not allow the leaflets to wilt. Dip the same number of leaflets per treatment (dose)
and treat sufficient | eaf materi al to avoid starvat.
for all the doses, starting with the Auntreatedo con
advancing progressively to the higher concentrations.

e) Prior to placing the leaflets in the bioassay cell units, place a slightly moistened filter paper covering the bottom of
each cell. Around 0.2 ml distilled water should be sufficient to moist the filter paper and keep the leaf material turgid
throughout the bioassay period. Excess water or water drops need to be removed.

f)  When the surface of the leaflets is completely dry, place the leaflets in the labeled containers (one leaflet per cell'unit)
which must be suitable for holding enough leaf material in good condition for 3 days.
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IRAC Susceptibility Test Methods Series Method No: 022

Version: 3

Note. Tomato leaves are quite fragile and sensitive. Maintaining the tomato leaflets iataitling cutting them into
measured pieceshelps keep the leaflets in good conditions for the period of the bioassay.

g. Begin the transfer of L2 larvae to the bioassay cell units, using a fine soft brush and taking extreme care not to daayage the
fragile larvae. The following method is recommended in order to minimize larvae mortality due to handling: place letegs infes
with L2 larvae on a light box (glass surface table with a fluorescent light source underneath), so that larvae canvievabearly
through the leaf epidermis. The larvae can be easily located by forcing them to move with softly touching the leafisgréace us
fine paintbrush. Once an L2 larva is detected, a small leaf square is cut around it with a sharp scalpel. The leaftsthere (wi
larva) is lifted with a brush or fine forceps and is placed on the tomato leaf in the bioassay tray. In a few minweashestart
looking for food on the fresh tomato leaf provided in the bioassay tray. Start the infestation process with the untneshiesilcon
units (1 larva per cell) and then continue by ascending order of concentration of insecticide. Avoid cross contamipdiross, e.
touching treated leaflets (in case it happens, immediately wash the brush well, before continuing the infestation). $haciddose
have at least 32 larvae (32 cell units or one tray if using suggested model fr@arBjo Note. As developmental time can vary
between populations and slight differences in rearing / environmental conditions, the following length measurementd#m be use
classify L2 larvae: ©bmm.

h.  When the infestation is finished, close the trays carefully, sealing the cells with their lids (each lid closes 4siafisufjgested
model from BieServ).

I.  Store the bioassay trays in an area where they are not exposed to direct sunlight or extreme temperatures. Recordanaximum &
minimum temperatures. If possible, maintain a temperature 6f26, 6670% RH, and 16:8ght:dark photoperiod regime.

J- Perform evaluations 72 hours after placing the larvae in the trays:
Evaluation of the effects on the larvakarvae which are unable to make coordinated movement from gentle stimulus with a seeking
pin or fine pointed forceps to the posterior body segment are to be considered as dead (combination of dead and sedysly aff
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IRAC Susceptibility Test Methods Series Method No: 022

Version: 3

Anti -feeding effects (percentage damage to the leaf or larval growth) may also be recorded for additional
information.

Evaluation of leaf damage:Since uniform leaves were chosen at the beginning of the assay registering leaf damage
as % of total leaf area mined is the preferred method.

Express effects on | arvae as percentage fAaffectedodo, correcHt
Abbottédés formula. It is recommended prdbiddrloditdoseresmonseé al i ty dat
analysis to provide LGy,and LCoe st i mat es for each insecticide and insect po

larvae in the untreated control is above 20%, the bioassay is considered to be of inferior quality and should be repeated.

Ideally, control mortality should not exceed 1615%.
Precautions & Notes:

1. Disposable plastic equipment is preferred provided that it is not affected by the formulation
constituents; glass equipment may be used but must be adequately cleaned with an appropriate
organic solvent before reuse.

2. Insecticide products contain varied concentrations of active ingredient(s). Ensure insecticide dilutions
are based on active ingredient content (g.i.). Some diamide insecticides are sold as praixtures with
other insecticides, these products should not be used to determine the susceptibility of insect
populations to the single insecticide, as the mixture partner may have a significant impact on the
mortality data generated.

References &Acknowledgements

This IRAC method is based on a method developed by DuPont Crop Protection in Brazil. The method has been validated by seve
researchers in Europe: Dr. T. Cabello (University of Almeria, Spain), Dr. PBielza (University of Cartagena, Spain), Dr. E.
Roditakis (NAGREF, Greece) and Pr. CRapisarda (University of Catania, Italy).
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Tuta TestingMethod Videos

A video version of the IRAC test method can be
found at https://youtu.be/PSE_MwIAVOs

If the address does not open by double clicking then
cut and paste into your internet browser

Additional information is available at the IRAC

website
http://www.irac-online.org/

If the link does not open by double clicking then cut
and paste into your internet browser
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of European populations of Tuta absoluta
(Meyrick) to indoxacarb and chlorantraniliprole
using a novel dip bioassay method

Emmanouil Roditakis,® Christina Skarmoutsou,® Marianna Staurakaki,”
Maria del Rosario Martinez-Aguirre,” Lidia Garcia-Vidal,” Pablo Bielza,®
Khalid Haddi,® Carmelo Rapisarda, Jean-Luc Rison,? Andrea Bassi® and

Luis A Teixeira'

The compound leaf assay. Cut compound leaves were immersad
in serial insecticide concentrations and were allowed to dry as
previoushy described. Tween 20 (0.05% v/v) was used as non-ionic
wetting agent. A moist cotton plug was attached at the cut end
of the leaf 1o provide water during the assay, and the leaf was
then placed in a transparent box (dimensions 12 = 10 = 5 cm).
Ten second-instar larvae were placed on the leaf in the box as
previoushly described, and the box lid was immediately fitted to
prevent larvae from escaping. Three boxes were used for each
treatment, resulting in a total of 30 larvae per concentration.

All treatments were placed in a large insect rearing room with
a contralled enwvironment (26 = 1 “C, 50—a0% BH, 168 h L:[3).
Rangefinder assays for each insecticide were conducted 2 -3 days
prior to the toxicological test. Concentrations tested resulted in
00— 100% mortality approximately. Mortality was assessed after 72 h.
A larva was considered dead if no movement could be observed.
A larva was recorded as moribund if no coordinated mowvement
or deficient response to external stimulus was observed (i.e. after
gentle probing with a fine paintbrush). Mortality was estimated
from the total number of dead and moribund insects. Observations
could be performed while the larvae were still in the gallery by
using a light-bed. If insect vitality could not be clearly determined
(live or moribund), the larvae were carefully extracted from the leaf
1o observe the responses when undistracted by the leaf epidermis.
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4. Monitor Tuta populations

Monitoring IntegratedPest Management

A Placepheromonebaited trapsto monitor all stagesof tomato
production, i.e. nurseries,farms, packaging,processingand
distribution centers Startmonitoring 2 weeksbefore planting

A Assoonas more than 3-4 moths per trap are captured each
week,start masstrappingof moths

A Use locally established threshold to trigger insecticide
applications

I IPM: monitoraggio

Traptest: 1 trap till 3500 &) 2-4

bigger.
Height from the ground : 0:8
1.2m

.......
AT

IRAC




4. Monitor Tuta populations
IPM- Monitoring and mass trapping

A For masstrapping of moths, use sticky traps
or water+oil traps (20-40 traps/ha) baited
with pheromone

A Position water+oil masstraps between the
groundand0.8 m. heightmaximum

A Keep using pheromone traps for at least 3
weeks after removingthe crop; this catches
remainingmale moths

54
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5. Integrate key Tuta control
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5. Integrate key Tuta control strategies

Integrated Pest Management

The basis for effective and sustainable management of Tuta absoluta is
the integration of cultural, behavioural, biological and chemical control

56

IRAC



5.

Integrate key Tuta control strategies

Integrated Pest Management
o non chemical key tactics:

. GH cleaning and sanitation

- Prevent carry over of the pest from the previous crop; sanitation of the G
for a better start; use pediree transplants; remove and destroy attacked
part plants

. Physical contro} Insect exclusion

- GH modern structures; insect netting; double doors; climate control

. Cultural control- Masstrapping

- Water/oil based and sticky traps pheromaobaited

Biocontrol¢ Natural enemies

- Establish populations of effective biological control agents; select crop
protection spray programs safe vs beneficials

Mating disruption

- Mating disruption contribution when low density populationTfasboluta

57
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5. Integrate key Tuta control strategies

IPMo GH cleaning and sanitation

For a good start:
Allow a minimum of sixweeksfrom
crop destruction to planting the
next crop to prevent carry-over of
the pestfrom previouscrop
Between planting cycles, cultivate
the soil and cover with plastic
mulchor perform solarisation
Control weeds to  prevent
multiplication in alternative weed
host (especially Solanum, Datura,
Nicotiang
Usepestfree transplants
Prefer modern greenhouses,that
allow insectnettings,double doors,
andclimatecontrol

2 - Strategie di lotta integrata (misure fisico-agronomiche):

ﬂxmm:mddlacolmmnkfocoho Fayocire L pulizia degli incolts che posono
per successive reinfestazion. ospitare la Tuss.

\\ U’)"’\
Impiegare materiale di riproduzione sano. Prediligere le serre con impostazione moderma,
con reti capac di fermare il volo degli adulti ¢
doppie porte per limitare le reinfestazioni.

58
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5. Integrate key Tuta control strategies

IPMo GH cleaning and sanitation:
Remove and destroy previous tomato crop residues from GH

X YR 2dziaARSZ
neighborhood of cultivated area

Inside the




5. Integrate key Tuta control strategies
IPMo GH cleaning and sanitation:

Tomatocropresiduesabandonedhextto the GHare sourceof infestation




5. Integrate key Tuta control strategies
IPM0 GH cleaning and sanitation:

Remove and destroy attacked part plants is limiting source of infestation

IRAC



5. Integrate key Tuta control strategies

IPMo GH cleaning and sanitation:

A

o
>
\

<
B A ot
3 L 5 d >,
gl sy g
G

g

TR
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Remove and destroy
attacked part plants

Attacked tomato fruits by
Tuta absolutawvere
abandoned on the
ground during pickingp
/ cleaning operations

IRAC



5. Integrate key Tuta control strategies

IPMo GH cleaning and sanitation:

. DESTROa Solanaceouplants near greenhouses
Theyharbor Tuta populatlons

e 2§

63
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5. Integrate key Tuta control strategies N
IPM& Physical Control AR

Insect exclusion

ke | ey New greenhouse:
— - ‘ a manageable issue
~. Old greenhouse: - —%
— , N

Y
a much bigger issu%\" —— (e
——— SRS : ‘M - .h,.
——) N\ - — - ‘h;'m_—vr A e R }




5. Integrate key Tuta control strategies
IPM0 Insect exclusion




5. Integrate key Tuta control strategies

IPMO Insect exclusion:

Double doors

Inside view: in the safety
area a sticktrap was
positionedin front of the
external door to catch
Insects that were
iIntroducedaccidentally

IRAC



5. Integrate key Tuta control strategies

IPMO Insect exclusion:

T - 7 N |
/ _ T -

' Double doors

Safety area with

air assistance.

A fan is starting
automatically
when the doors
open and insects
entrance is more
difficult

IRAC



5. Integrate key Tuta control strategies

IPMO Insect exclusion:

W,

Double doors

Otherexamples
evensimple,but
very effective
doubledoors

IRAC



5. Integrate key Tuta control strategies
IPMQd Insect exclusion:
Insect netting

Seal greenhouse with high guality nets suitableTata absoluta

Sizemin. 9 X 6 / cm?2

IRAC



5. Integrate key Tuta control strategies

IPMOA Insect exclusion:

Insect netting

Double net for (1) bumble bees and {@)ta absoluta
well positioned

S aﬂ& R e :t :...

d.r,';. -{ r! w = ‘..
;}:M 34 )}2‘;;§ b

: Double netting

Double netting
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5. Integrate key Tuta control strategies

IPMO Insect exclusion:
Insect netting

Avoid rips and breaks in the insect nets

Insect nets not overlapping

71
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5. Integrate key Tuta control strategies

IPMO Insect exclusion:

Insect netting In
modern GH

Protection of ventilation
openings with insect nets

IRAC




5. Integrate key Tuta control strategies

Integrated Pest Managemeéntass trapping:

Home made mass traps:
pots with water/oil and
addition of pheromone bait

IRAC



5. Integrate key Tuta control strategies

Integ_rated Pest Managemémass trapping:

Ay b 3

.xA

i \

\

Attractive chrome sticky
traps, pheromonebaited
or not

{

R e
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5. Integrate key Tuta control strategies

Home made sticky traps: position sticky traps at the level of
Tuta absolutattack on the crop. These traps should follow
vegetation growing (around 2/3 of crop height)

Integrated Pest Managementass trapping:

IRAC



5. Integrate key Tuta control strategies

Mating Disruptionintegrated?est Management

Mating disruption can contribute significantly to control Tuta

absoluta if:

A Low population density ofuta absoluta

A Modern greenhouse structure with climate and air
movement control

IPM: confusione

sessuale
ey

= Prove effettuate in Sicilia
o Dispenser tipo CIDETRAK®
® 1000 dispenser/ha

® 700 dispenser/ha

= Controllo trattato

IRAC



5. Integrate key Tuta control strategies

Integrated Pest Managemehtological control

1. Establish populations of effective biological control agents
(Nesidiocoris tenuisMacrolophus Nabis, Necremnus,
TrichogrammaPseudoapanteles, Podisus, Amblyseius)
A Use of attractive crops: natural/local pest enemies
A Biological control: release of beneficials (augmentative)
1. Select crop protection spray programs safe vs beneficials (conservation

Egqg parasitoids . >
Trichogrammaexiguum(South America) ﬂ controllo blOlOgICO

Trichogrammanerudai (South America)

. . : = Ruolo degli
Trichogrammapretiosum(South America) axfagorﬁft;
TrichogrammaachaeagMediterranean) indigeni

Larval parasitoids
Necremnusrtynes
Stenomesiusp.
Neochrysochari®rmosa
Habrobracorhebetor
Diadegmadedicola
Apanteleggelechiidivoris
Dineulophusphthorimaeae
Pseudoaphanteledignus 77
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5. Integrate key Tuta control strategies

Integrated Pest Managemehiological control

Nesidiocoris tenuiss a very
efficient predator ofTuta
absoluta a S3I3a
young larvae

78

4 ELP :
Attractive cropsfor Nesidiocoris tenuis
(i.e.Pumpkin are planted at the
beginning of the crop cycle to attract t
beneficials. This establishes populatio
near the crop




5. Integrate key Tuta IPM control strategies

Key Management Strategy - Integration of Control Measures

7

The basis for effective and sustainable management of Tuta absoluta is the integration of
cultural, behavioural, biological and chemical control.

® Allow a minimum of 6 weeks from crop destruction to planting the
next crop to prevent carry-over of the pest from previous crop

® Between planting cycles, cultivate the soil and cover with plastic
mulch or perform solarisation

® Control weeds to prevent multiplication in alternative weed host
(especially Solanum, Datura, Nicotiana)

® Prior to transplanting, install sticky traps
® Use pest-free transplants
® Seal greenhouse with high quality nets suitable for T. absoluta

® Place pheromone-baited traps to monitor all stages of tomato
production, i.e. nurseries, farms, packaging, processing and
distribution centers. Start monitoring 2 weeks before planting

® |nspect the crop to detect the first signs of damage

Key Management Tactics

|10
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D.

Integrate key Tuta IPM control strategies

Key Management Strategy - Integration of Control Measures

Key Management Tactics

" As soon as more than 3-4 moths per trap are captured each week, start mass
trapping of moths.

® For mass trapping of moths, use sticky traps or water + oil traps (20-40 traps/ha)
baited with pheromone

" Keep using pheromone traps for at least 3 weeks after removing the crop; this
catches remaining male moths

® Remove and destroy attacked plant parts

® Establish populations of effective biological control agents (e.g. Nesidiocoris tenuis,
Necremnus, Trichogramma, Macrolophus, Pseudoapanteles, Podisus, Nabis [/
Metarhizium)

® Use locally established thresholds to trigger insecticide applications
® Select insecticides based on known local effectiveness and selectivity
® Rotate insecticides by MoA group, using a window approach (see page 13 & 14)

® Use only insecticides registered for control of T. absoluta or lepidopteran leaf miners
and always follow the directions for use on the label of each product

® Maintain population levels below economic threshold
A Distribute pheromone dispensers to disrupt mating

80



IRA - Best Management Practices to Contrec
- .
Tuta and Manage Insect Resistance

6. Understand Action Thresholds for
chemical and microbiological
control
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BMP for Tuta absoluta
6. Understand Action Thresholds for chemical and microbiological control

Why monitor my farm?

P Vd Pal b Vd

w 5SSO0 FANminabot® dZNNBEYy OS & | 3
w a2ZyAUu2NI ft20Ff LINBASYOSkK!Il 04a¢

S
W a2ZyAU2N LIR2Ldz I GA2ya Ay AYR
Tuta management.

A The use of Action Treatment Thresholds depend on accurate
assessment of pest populations. This allows farmers to time
sprays before economic crop damage occurs.

Use the action spray thresholds developed and
recommended by local experts within your
respective countries

IRAC



BMP for Tuta absoluta

6. Understand Action Thresholds for chemical and microbiological control

Tuta absoluta how can we monitor the presence and the pressure

U First action: visual monitoring and level of damages

The experience from Argentina. 2 possibilities:

A Weekly observation on 20 plants/1000 sgm or 10 for a
surface < 500 sgm: record the number of infested
leaflets (with lived larva) A with more than 2 infested
leaflets are detected A TREATMENT!

A Weekly observation on 100 plants: record the number
of juvanile stages (larva+pupa) A with more than 8-12
specimensA TREATMENT!

83
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BMP for Tuta absoluta

6. Understand Action Thresholds for chemical and microbiological control

Tuta absoluta how can we monitor the presence and the pressure

U Second action: pheromone traps positioning

The experience from Spain.
A Weekly observation of the male captures: 1 trap/3.500 mq in

GH or 2-4 traps/hectar with a GH surface > 3.500 mgq.

Nb captures Level of Risk Action
0 N A None
<10/ month : :
<3 / week Very low |A Masstrapping (1520 traps/ha) with water traps
A Masstrapping (1520 traps/ha) with water traps
3-30 / week Moderate |A Treatments (every X5 days) with azadiracthi
mineral oil,Bacillus thuringensis

IRAC



BMP for Tuta absoluta

6. Understand Action Thresholds for chemical and microbiological control

Example of flight curve (September to April) in Italian situation

{smmroHighwiskemmm=w)  Moderate  {mmmmmmrHighttiskemmns)
§1W N\ g 8081 82 7 B %7
s % AR = N 2l
fy gy
ol \'\'z‘é.zzy

(=]

Fine e e dHoe (e lEe Gk (Ge beie ek ook Noeme Oznte Dente Done (one Gema Genan G Gl e Simn e Mo Nm M U B Bk ok
it 1 osett? settd seftd setth et st ] sl seb O sefi i seft 1 st 17 et 10 st i set 15 oo 10 set 17 st 10 sft 19 st 2 st m.EEsenE}setEfsenEEssnEE-ﬂtE?setEiﬁt?ﬂﬂﬂ[{

) _ _ Fonte dati: Giacomo Purromuto _ _
Long presence of high pressule high risk: important to manage the pest according the the MoA rotation
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BMP for Tuta absoluta

6. Understand Action Thresholds for chemical and microbiological control

Example of spray application using different solutions according to the flig

Tuta absoluta flight
Chemical
G0
Chemical l - .
LmEmica
al B. thuringens 5l
k3
3 l
= 40 Mesidiocoris ‘
[
5
=1 a0
[1s]
[¥]
E a0 B. thuringensis
g Meswgioooris l
10 l
a .
15 28 26 . ; 28 1
17 B-14 22-28 5-11 12-18 19-25 30 016 17-2324-30 3ott- 713 14-2021-27 511 12-1819-25 26-
2lag 34 of sett sett U2 oft ot ot oft 6noy nov "% dic  dic  dic  di
@go ago 7 ago -, seft sett se ot o o a [+ noy nay o noy o dic I G IG IG
week week week week week week week week week week week week week week week week week week wesk week week week
31 32 33 35 2w 3T B 3w 40 M 42 43 44 45 46 47 48 49 40 41 a2
—Irto Clualita - lotho 2 - g 7 4 18 24 35 M 12 15 1 18 12 31 42 34 21 14

Source: G. Purromuto
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BMP for Tuta absoluta

6. Understand Action Thresholds for chemical and microbiological control

The Tunisian study for different strategies according to monitoring

Strategies | Thresholds

ST 0=5T1=<4 mines or larvae per plant
512 4<=5T2 =<8 mines or larvae per plant
5T3 8<=5T3=<16 mines or larvae per plant
ST4 =16 mines or larvae/plant

5T5 Chemical control

5T6 Crganic sprays (spinosad)

ST7 Confrol (no sprays)

578 Both (chemical and organic sprays)

To evaluate the proposed thresholds (strategies),
weekly scooting of 5 randomly plants per treatment '
per block was conducted to determine if thresholds o
had been reached (from April 18 to June 12, 2010).
Concerning the strategies ST1, ST2, ST3 and ST4, the
first spray was undertaken within 48 hours when the
thresholds had been reached followed by regular

-~
o

w B
o o o

Fruit infestat@( %)

spraying (every 10 to 12 days). For strategies ST5, ST62°:

and ST8 The first spay was undertaken when
infestation appeared followed by regular spraying
every 10 to 12 days

0

Source: Control Action threshold foutaabsoluta(Lep, Gelechiidagin tomato raised under greenhoudd, BRAHAM & A. BENSALEM
87

[
o S >

w
S

Larval mortality (%)

o o

Mean percentage of larval mortality durlng the study
. ] period S

[
)

o

=3

Percentage of fruit infestation (3"J‘ harvest, 4 May 2010)

FLkFLflt

Percentage of
fruit Infestation
(Weight)

= Percentage of
fruit Infestation
(Number)
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/. Maximize pest control using
adjuvants and app tech equipment
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7. Maximize pest control using adjuvants and app tech equipment

Tuta Control is Difficult:

A Controlling the immaturdeafmining stage of Tuta is difficult since it is
protected from foliar applied insecticides while within the leaf cuticle.

A Crop growth,plant structure, and production practicepdrticularl if
trellised) makeit more difficult to obtain good spray coverage.

To MaximizeManagement of Tuta Populations:

A The addition of oils or adjuvants help produgsnetrate the plant
cuticle to reach the mining larvae in the leaf.

A Itis critical to use and maintathe best possiblspray equipmento
ensure excellent coverage and acquire thghest possible
insecticidalkefficacy.

IRAC



7. Maximize pest control using adjuvants and app tech equipment

Steward® shows an efficacy of about 85% against T. absoluta larvae. The addition of a suitable registered adjuvant
(e.g. a rape seed or paraffinic oil) increases efficacy to about 95% by helping more product penetrate the leaves.

Altacor® shows even higher efficacy on T. absoluta, about 90% without, up to 98% with the addition of a suitable
adjuvant.

Efficacy of DuPont™ insecticides on Tuta absoluta

Untreated control
with high infestation
(80 larvae per leaf,
average of all trials)

Steward® 37,55 sia Steward® 37,5 + Altacor®* 3,55 aiha Altacor® 3,58 aila +
N=10 Codadde N=9 WN=10 Codacide H=a

% larval mortality
SEEEEEREEE

» Application in tomato crops under glass (after two consecutive applications within 7-10 days)
¢ 10 trials in Almeria, Murcia, Valencia, 2007-2009

» Codacide (0,25% v/v) is a rape seed oil, used as an adjuvant

IRAC
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7. Maximize pest control using adjuvants and app tech equipment

A This is a summary of average efficacy across 12 trials*, carried out in ltaly
and Spain during 2012 and 2013Tiita absoluta comparing the efficacy of
a new product with and without adjuvants:

100 - 93 92
86 50 89 87
76
80 - 74
70 73

?D 60 -
| -
)
c
@)
O 40 -
o
>

20 +

0 T T .
1-3DAA 7DAA 14DAA 7DAAB

m Product A@60 m Product A@60 + adjuvant = Standard B

* Internal data from Dow AgroSciences 92
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7. Maximize pest control using adjuvants and app tech equipment

A Different equipment used may affect final efficacies: Data from A. Monserrat

E) .-,'- "/k— —7
;5;’“ ¢ e— --—~~‘
y &

Ll *l \ 4 This equipment my give only 5®% of the potential
: efficacy of the products (so it may loose-30% efficiency)

This equipment my give only 8D% of the potential
efficacy of the products (so it may loose-30% efficiency)

This equipment my give only 8®% of the potential
efficacy of the products (so it may loosd 0% efficiency)

93
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7. Maximize pest control using adjuvants and app tech equipment

South Africa:
Various foliar application methods and equipment.




7. Maximize pest control using adjuvants and app tech equipment

South Africa:

Various foliar application methods and equipment.

D van Heegden

DVaf Heerden

A [ - ’
D van'Heerden [\ Ve !
. 7
O o [

ETRL L 0%
b
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7. Maximize pest control using adjuvants and app tech equipment

Formulation Mixing Seqguence

All crop protection products are provided as formulations, most of which are designed to disperse in water.
The chemistry of formulation science requires that mixing in water take place in a defined order to assure tl
the applicator ends up with a sprayable mixture. In the universe of pesticide active ingredients, most are w
insoluble, and their inherent nature is to separate from the spray water unless their protective shields of
surfaceactive agents have been fully activated.

The Formulation Science mixing sequence is:

Water soluble bags (WSB)

Water soluble granules (SG)

Water dispersible granules (WG)

Wettable powders (WP)

Water based suspension concentrates (aqueitmwableg (SC)
Water soluble concentrates (SL)

Oil based suspension concentrates (OD)
Emulsifiableconcentrate EC)

© © N gk~ wbdPE

Surfactants, oils, adjuvants
10. Soluble fertilizers
11. Drift retardants

IRAC



7. Maximize pest control using adjuvants and app tech equipment

Sprayer Calibration

Broadcast
‘Application

Sprayer calibration {1) readies your sprayer for operation and
(2) diagnoses tip wear. This will give you optimum performance
of your Teejet® tips.

Equipment Needed:

u Teelet Calibration Container

2 (alculator

s Teelet Cleaning Brush

® One new Teelet Spray Tip matched to the nozzles on your sprayer
& Stopwatch or wristwatch with second hand

STEP NUMBER 1

=5 5 | Check Your
O Tractor/Sprayer Speed!

Knowing your real sprayer speed is an essential part of accurate spraying.
Speedometer readings and some electronic measurement devices can be
inaccurate because of wheel slippage. Check the time required to move over
a 100- or 200-foot strip on your field, Fence posts can serve as permanent
markers. The starting post should be far enough away to permit your
tractor/sprayer to reach desired spraying speed. Hold that speed as you
travel between the "start” and "end” markers. Most accurate measurement
will be obtained with the spray tank half full. Refer to the table on page 140
to calculate your real speed. When the correct throttle and gear settings
are identified, mark your tachometer or speedometer to help you control
this vital part of accurate chemical application.

IRAC



7. Maximize pest control using adjuvants and app tech equipment

STEP NUMBER 2
_B+C
A==5" | The Inputs
Before spraying, record the following: EXAMPLE
NozZzle type On YoUr SPIraYer. . .i e i s iaeranrrcrrarnanras TT11004 Flat
(AH nozzles must be identical} Spray Tip
Recommended application volume .....................0. 20 GPA
(From manufacturer's label)
Measured sprayerspeed ......coociiiiiiiiiiiiii i 6 MPH
(o742 1 o T ol [ 17« [ RN 20 Inches
STEP NUMBER 3
f Calculating Required
Nozzle Output
Determine GPM nozzle eutput from formulia.
GPA x MPH x W
FORMULA: GPM =
5,940 (constant)
. _ _20x6x20 _ 2400
EXAMPLE: GPM =940 5040

ANSWER: 0.404 GPM

IRAC



7. Maximize pest control using adjuvants and app tech equipment

STEP NUMBER 4

S

Setting the Correct Pressure

Turn on your spraver and check for leaks or blockage. Inspect and clean,
if necessary, all tips and strainers with Teelet brush. Replace one tip and
strainer with an identical new tip and strainer on sprayer boom.

Check appropriate tip selection tablg and determine the pressure
required to deliver the nozzle output calculated from the formula in
Step 3 for your new tip. Since all of the tabulations are based on spraying
water, conversion factors must be used when spraying soiutions thag are
heavier or lighter than water (see page 141).

Example; (Using above inputs) refer to Teelet table on page 7 for
TT11004 fiat spray tip. The table shows that this nozzle delivers
0.40 GPM at 40 PSI,

Turn on your sprayer and adjust pressure. Collect and measure the
volume of the spray from the new tip for one minute in the collection
jar. Fine tune the pressure until you collect .40 GPM.

You have now adiusted your sprayer to the proper pressure. It will
properly deliver the application rate specified by the chemlcai
manufacturer at your measured sprayer speed.

STEP NUMBER 5

o

Problem Diagnosis: Now, check the flow rate of a few tips on each boom
section. if the flow rate of any tip is 10 percent greater or less than that

of the newly installed spray tip, recheck the output of that tip. if only one
tip is faulty, replace with new tip and strainer and your system is reacly

for spraying, However, if a second tip is defective, replace all tips on the
entire boom, This may sound unrealistic, but two worn tips on a boom
are ample indication of tip wear problems. Replacing only a couple of
worn tips invites potentially serious application problems.

Checking Your System

m Banding and
Directed Applications

The only difference between the above procedure and calibrating for
banding or directed applications is the input value used for "W" in the
formula in Step 3.

For single nozzle banding or boomless applications:
W = Sprayed band width or swath width (in inches).

For multiple nozzle directed applications:
W = Row spacing (in inches} divided by the number
of nozzles per row.

IRAC



IRA - Best Management Practices to Contrec
- .
Tuta and Manage Insect Resistance

8. Understand Insecticide Resistance
Management PRINCIPLES
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8. Understand Insecticide Resistance Management Principles

Continued Use of the Same MoA Products
Throughout the Season Will Increase # of Resistant
Individuals and Sprayxpenses

A Number & timing of applications influence speed of resistance

A When insecticides with the same mode of action (MoA) are used
repeatedly,exposing multiple consecutive pest generationsss
sensitive individuals survive and resistance can evolve.

A Continued use accelerates resistance and multiplies the resistant
genes in the population

A Farmers will increase rates to improve control, accelerating
resistance.

A Excessivéank mixing with adjuvants and other insecticides increases

A Pest control becomes expensive IRAC



8. Understand Insecticide Resistance Management Principia~

Continuous use of the same Mode of Action removes the susceptible indivi

leaving a tolerant population that survives the insecticide application

du

Possible Scenario for Resistance Development in an Insect Populatio

ﬁ Susceptible .,@ t Resistant
o "
A |

Survivors
Reproduce

=

11Uz



8. Understand Insecticide Resistance Management Principles

Underdosing Speeds the Rate of Resistance:
Maximize Insect Kill With Every Spray

An under-dosed insecticide application may not remove moderately resistant
Insects from a pest population. This can accelerate the evolution of resistance

Individu_als ina UNDER DOSE : LABEL DOSE

population carry Kills susceptibles: most ! Kills susceptibles: impact

genes for resistance resistant insects survive | some resistant insects

even before the :

product has ever \, \,

been sprayed. : Always apply the

recommended

| | label rate that will
* * * | * * m remove susceptible,

some moderately

Increasing do% under dose label dose resistant, and even a
-— P | portion of resistant
| § N A A 4 Insects.

Increasing do% under dose f label dose
HEE KKK

Increasing dose > under dose label dose

IRAC



8. Understand Insecticide Resistance Management Principles

Acquiring the highest level of pest control within ja
generation removes Resistant genes.

ANeed to remove individuals with at least
one resistant gene (RS)

ANeed high level of control for an entire
INsect generatiorg prevent gene transfer

ANeed back to back sprays of products with
different or same mode of action if adult
flights and egg laying continues

104
IRAC



8. Understand Insecticide Resistance Management Principles

Insect Migration (exchange of Resistant insects)

Influences the Speed of Resistance.

C Resistance levels in pest populations can be INCREASED through
Immigration of resistant insects. Therefore, the evolution of
resistance in the pest population may accelerate.

> 3
X *x:x

AR =
>
T

Immigration of resistant insects into a Result: The percentage of resistant insects

population of sensitive pest insects in the population is increased. The inter-
breeding between sensitive and resistant
insects will likely increase the level of
resistance in the next generation.

\C



8. Understand Insecticide Resistance Management Principles

Reproductive Capacity Influences the
Speed of Resistance

A Species with a higher reproductive capacity
have a higher risk of developing resistance.

A Tuta absolutacan have up to
with up to 10- 14 generations per year.

A Temperature drives reproductive capacity.
High temperatures increase the number of
generations per year and can accelerate rate
of resistance.

106
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8. Understand Insecticide Resistance Management Principles

Implementing IPM Removes Resistant Individuals fron

the Population and Improves Level of Pest Control

OO0 000 O

G
G

Diversify insect control methods: Integrate cultural (sanitation), physical
(mass trapping, netting texlude, biological (beneficials, pheromones),
and chemical control methods

Monitor pest populations to determine the correct timing of application at
the action spray threshold

Apply the right product at the recommended life stage
Follow labeled application rates and intervals

Calibrate sprayer and maintain nozzles and equipment

Use optimal spray volumes and best management technique

Select insect control products that are compatible with natural enemies.
Allow the simultaneous use of both strategies to more completely reduce
a pest population.

Avoid using products that will reduce néarget organisms

Adjust water pH and use adjuvants if necessary
IRAC



8. Understand Insecticide Resistance Management Principles

Reduces Selection Pressure for Resistance

Rotatinginsecticidesyith Different Modes of Actior

—

N

A Repeated exposure of pest Follow this rule
To prevent resistance, alternate

populations to insecticides with the insecticide with different mode of
same Mode of Action will select for | =ctonnumeers
resistant insects.

A Two successive insect generations
shouldn't be treated with |
Insecticides that have the same
Mode of Action number (examples
3, 1, 6). Products in Mode of Action
subgroups (example 3A) should
not be rotated among products
within the same MoA group There are currently 27 insecticide
(examp|e 3)_ modes of action identified, but not

all are active against all insect pests

!
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8. Understand Insecticide Resistance Management Principles

—

Rotatinginsecticidesyith Different Modes of Actior
Reduces Selection Pressure for Resistance

After an insecticide is sprayed, the
surviving insects will reproduce and
the offspring will be less sensitive.

No/Poor MoA
Rotation

&

- % %%
Rotation of insecticides with different modes of Under permanent selection pressure, the
action prevent the build up of resistant individuals overuse of the same insecticide mode of
in the field. This IRM strategy ensures that most action can select for less and less susceptibility
resistant survivors from the MOA 1 spray(s) will be  and a resistant population will evolve.
killed by the subsequent rotation of products -

containing different modes of actions.



8. Understand Insecticide Resistance Management Principles

Exposing fewer pest generations in a season to insecticides with
the same MoA reduces selection pressure for resistance

' Rotate MoA Product®Vithin Windows of Timel

/ Mode of Action Gap Approach:

® The basic rule for adequate rotation of insecticides by mode of action (MoA) is to avoid treating
consecutive generations of the target pest with insecticides of the same MoA group, by using a
scheme of "MoA gap”.

" A MoA gap is here defined as a period of 60 consecutive days, based on the maximum duration of a
single generation of T. absoluta.

" A MoA sequence is here defined as one or more consecutive applications of insecticides belonging
to a particular MoA group.

" After the last treatment of a MoA sequence, wait at least 60 days for new applications with
insecticides of that MoA (follow label for maximum number of consecutive applications and per

crop cycle).

[ o

MoA Sequence “x MoA Sequence “x

4

Different coloured
arrows represent
different MoA groups

>60 days

" The proposed scheme seeks to minimize the selection of resistance to any given MoA group by
allowing a gap between MoA sequences, ensuring that consecutive generations of T. absoluta are
not exposed to the same insecticide MoA group.

/ IRAC




