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1. Update Tuta presence and pest status globally.

Tuta absoluta, Success spreading around the globe due to:

Å High capacity of dispersion; kilometers by flight and drifting 

in winds (Willem, S. et col, 2009)

Å High level of fruit transit from endemic areas to new areas

ÅSouth America to Mediterranean areas

ÅMediterranean areas to rest of Europe and other areas as 

distribution bridge

Å Pest dispersion to favorable climatic conditions

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

areas

Å Fast development pest cycle

Å Species capacity of adaptation and resistance to not optimal 

conditions during transport (9ºC)

Å Favorable crop growing systems with optimal hosts (tomato)

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

Origin of pest

Mainly initial spreading in South America from Chile region (Lietti et al , 2005)

From South America to Central America and Europe

BMP for Tuta absoluta



6

1. Update Tuta presence and pest status globally.

Current distribution

BMP for Tuta absoluta
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1. Update Tuta presence and pest status globally.
Sequential distribution in the Mediterranean basin (EPPO data base , 2016)

2008 ; 
SPAIN/ ALGERIE 

/MOROCCO/FRANCE 
(Mediterranean)

2009 ; 
ITALY/TUNISSIA/PORTUGAL/ALBANIA/
MALTA/FRANCE/BULGARIA/SLOVENIA/
CROATIA/GREECE/TURKEY/LEBANON/

EGIPT/JORDAN/SYRIA/LYBIA

2010; 
ISRAEL/CYPRUS/HUNGA

RY/KOSOVO

2006

Spread to north Europeancountries mainly through packagingand distribution
facilitiesdueto fruit trade

BMP for Tuta absoluta
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In 10 years from 3% to 60% of tomato crops 

2.8 million hectares

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, Gaetano Siscaro; University of Catania, ITALY  antonio.biondi@unict.it

1. Update Tuta presence and pest status globally.

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

Possible areas under risk of pest spread

FAO stats2016

Main world tomato production areas at risk

Å Confirmation of presence in India and Middle east makes Afganistan, Pakistan, India,  Nepal and China as risk areas 
(Nepal: ñSensitizing workshop on Tuta absoluta: An impending threat to tomato productionò2015 Sponsored by IAPPS)

Å Actions at OIRSA (International Regional Organization for Agricultural Health)  Including : El Salvador, Costa Rica Honduras,Guatemala, 
Mexico, Belice, Nicaragua and Panamá

Å Presence in Kenia  and Tanzania makes that Mozambique, Malawi, Zimbabwe, Zambia, Botswana as well as South Africa are at risk

BMP for Tuta absoluta
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BMP for Tuta absoluta



Source: IRAC

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

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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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.
Pupationmaytakeplacein the soil,on the leaf surface,within
minesor in packagingmaterial. A cocoonis built if pupation
does not take place in the soil. 10-12 generationscan be
producedeach year. Tuta absoluta can overwinter as eggs,
pupae or adults depending on environmental conditions.
Underopen-field conditionsTutaabsolutais usuallyfound up
till 1000m abovesealevel.

Modified from Barrientos et al. (1998)

Tuta absoluta is a micro-lepidopteraninsect. The adults are
silverybrown,5-7 mm long. Thetotal life cycleis completedin
an average of 24-38 days, with the exception of winter
months, when the cyclecould be extendedto more than 60
days.

Eggs Pupa

Larva

Larval developmentaltime (days) 

at different temperatures

14° C 76 days
20° C 40 days
27° C 24 days

Insect Description and Life Cycle 

Life Cycle

Adult

The minimal temperature for biological activity is 4° C. 

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

BMP for Tuta absoluta



Tuta aboluta Life Cycle

Egg

3 - 8 d

Larva

9 - 30 d

Pupa

6 - 20 d

Adult

6 - 15 d ǁ

10 - 25 d ǀ
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ÅEgg to adult: 25 - 80 days 

ÅThermal threshold for juvenile      

development 

ïlower: 10 > x < 13 °C

ïupper: 30 > x < 35 °C
(Various authors;Cuthbertson et al. 2013)

ÅUp to 13 generations per year

ÅGood cold resistance

ïsupercooling points: larvae 

(-18.2ÁC), pupae (-16.7 ÁC), 

adults (-17.8ÁC)

ïthe lower lethal time for adults 

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

2. 
BMP for Tuta absoluta

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, 
Gaetano SiscaroUniversity of Catania, ITALY; antonio.biondi@unict.it



Tuta:Biology Cycle

Adult

Eggs
3-5 Days

Larva
4 Life Stages
11 - 19 Days

Pupa
6 - 10 Days

New ShootDamage

5th Instar Larva 

3rd Instar Larva

Egg

15° 20° 25° 30°

Uova 10 7 4 3

Larva 36 23 15 11

Pupa 21 12 7 6

Total 67 42 26 20

Life span 23 17 13 9

Tuta aboluta Life Cycle2. 



Tuta absoluta Adult 

ÅAdults: 5-7 mm

ÅHindwings: narrow, with posterior margin with 

long hairs

ÅLabial palpi: long and up-curved

ÅAntennae: filiform, banded with gray and dark 

brown

ǁ

ǀ

2. 

BMP for Tuta absoluta

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, Gaetano SiscaroUniversity of Catania, ITALY; antonio.biondi@unict.it



Photo credit: Sangmi Lee

Tutaabsoluta Potato tuberworm
(Phthorimaeaoperculella)

Tomato pinworm (Keiferialycopersicella) 

Moth Species Similar in Appearance to Tuta absoluta

2. 

BMP for Tuta absoluta

Antonio BIONDI, Lucia Zappalà, Giovanna 
TropeaGarzia, Gaetano SiscaroUniversity of 
Catania, ITALY; antonio.biondi@unict.it



Tuta absoluta Reproduction
ÅThermal threshold for reproduction (Marcano 1995)

ïlower: 10 > x < 15 °C

ïupper: 25 > x < 30 °C

ÅNo-refractory period for both sexes (Lee et al. 2014)

ÅFemale pheromone: TDDA + TDTA (Svatoġ et al. 1996)

ÅRe-mating for both sexes (+fertility +longevity) (Lee et al. 2014)

ÅPotential for deuterotokous parthenogenetic: virgin females can lay

fertile eggs (Caparros Megido et al 2013)

ÅEggs/female: 50õ350 

>90% of eggs laid in the first 4 days (Pereyra & Sánchez 2006)

2. 

BMP for Tuta absoluta

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, Gaetano SiscaroUniversity of Catania, ITALY; antonio.biondi@unict.it



ÅYellowish

Å0.2õ0.4mm

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

Tuta absoluta Eggs

Photo credit: Gaetano Siscaro

2. 

BMP for Tuta absoluta
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Å0.4 - 8mm 

Å4 instars

ÅProthoracic plate

with dark posterior band

ÅMostly endophytic

Photo credit: Gaetano Siscaro

Å3 õ5mm 

ÅInside a silky and sand 

small cocoons in the soil

Pupae

Larvae

Tuta absoluta 2. 

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, Gaetano SiscaroUniversity of Catania, ITALY; antonio.biondi@unict.it



BMP for Tuta absoluta

2. Tuta absoluta larvae
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Infestation of tomato plants occurs throughout the entire crop cycle. Feedingdamageis
causedby all larval instarsand throughout the whole plant. On leaves,the larvaefeed on the
mesophylltissue,forming irregular leaf mineswhich may later becomenecrotic. Larvaecan
form extensivegalleriesin the stemswhichaffect the developmentof the plants. Fruit arealso
attackedby the larvae,and the entry-waysare usedby secondarypathogens,leadingto 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 pest is not
managed.

Tuta absoluta Damage and Symptoms 

BMP for Tuta absoluta

2. 



Tuta absoluta vs Liriomyza Damage
Typical damage

Liriomyza

spp.

Tuta 

absoluta

Leaf damage up to 100%)
Decrease photosynthesis and 

yields

BMP for Tuta absoluta

2. 
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difesa orticole2. Tuta absoluta Mining and Leaf Damage



2. Tuta absoluta Damage to Growing Point

BMP for Tuta absoluta



Tuta damage on stem

Tutaentry points at node

2. 



difesa orticole

2. Tuta absoluta Fruit Damage



Tuta absoluta Leaf and Fruit Damage2. 

BMP for Tuta absoluta



Tuta absoluta ðHost plants
Å Solanumlycopersicum(tomato)

Å Solanumtuberosum(potato)

Å Solanummelongena(eggplant)

Å Capsiumannuum(pepper)

Å Nicotianatabacum(tobacco)

Å Solanumnigrum

Å Datura stramonium

Å Solanumeleagnifolium

Å Physalisperuviana(Cape gooseberry) 

Occasional reports on non-solanacaousplants

Å Beans     

Å Solanum nigrum(European black 
nightshade) main wild host

Å Solanum bonariease

Å Solanum sisymbriifolium

Å Solanum sapponaceum

Å Lycopersicumpuberulum

Å Datura ferox

Å Lyciumsp.

2. 

Antonio BIONDI, Lucia Zappalà, Giovanna TropeaGarzia, Gaetano SiscaroUniversity of Catania, ITALY; antonio.biondi@unict.it

ÅMalva spp.
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University of Catania, ITALY

antonio.biondi@unict.it

Slides 15-22, 25,28 were contributed by 
the following academic institutions:

2. 



Source: IRAC

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

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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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

* Insecticide registrations 
from multiple countries 
and regions
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3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Tuta absoluta (2015)

2015 GRE Gargaliani Rikia FNR-15-093 2015 GRE Gargaliani Rikia FNR-15-094

2015 GRE Ierapetra Ierapetra FNR-15-068 2015 GRE Ierapetra Ierapetra FNR-15-069

2015 GRE Ierapetra Kalogeri FNB-15-308 2015 GRE Ierapetra Kalogeri FNB-15-309

2015 GRE Ierapetra Kalogeri FNB-15-310 2015 GRE Trifilia Gargaliani FNR-15-107

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-15-104 2015 ITL Marina Di Acate 2 Marina Di Acate FNR-15-095

2015 ITL Marina Di Acate 2 Marina Di Acate FNR-15-096 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

2015 SPA Almeria Almeria FNR-15-121 2015 SPA La Mojonera La Mojonera FNO-15-008

2015 SPA La Mojonera La Mojonera FNO-15-009 2015 SPA Lorca Puntas De Calnegre FNB-15-313

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 2015 SPA Murcia La Palma FNB-15-316

Example Rynaxypyr®: Susceptibility of Tuta -2015 trials in Mediterranean Basin

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



Location EC50 EC50 Lower EC50 Upper

2015 Andalucia, Almeria, Almeria 0.185 0.129 0.249

2015 Andalucia, Almeria, La Mojonera 0.473 0.376 0.592

2015 Extremadura, Merida, Villaverde 0.130 0.005 0.260

2015 Lasithion, Lasithi, Ierapetra 1584.124 871.436 3672.996

2015 Lasithion, Lassithi, Kalogeri 16.030 9.930 25.867

2015 Messinia, Messinia, Gargaliani 0.431 0.332 0.551

2015 Messinia, Messinia, Rikia 122.581 93.813 157.751

2015 Murcia, Region de, Cartagena, La Palma 0.132 0.099 0.170

2015 Murcia, Region de, Murcia, Canada De Gallego 0.114 0.048 0.175

2015 Murcia, Region de, Murcia, Puntas De Calnegre 1.426 1.101 1.801

2015 Not Specified, Negev, Kmehin 0.812 0.463 1.333

2015 Siracusa, Syracuse, Marina Di Acate 694.217 495.238 970.000

2015 Siracusa, Syracuse, Marina Di Acate 1 348.705 195.208 621.830

2015 Siracusa, Syracuse, Ragusa 1 4.690 2.794 7.262

2015 Siracusa, Syracuse, Ragusa 2 85.619 57.547 145.509

Example Rynaxypyr®: 2015 trials in Mediterranean Basin EC50

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Examples of Tuta resistance 
to insecticides:

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Abamectin, cartap, permethrin, methamidophos

Siqueira, H.A.A., Guedes, R.N.C., Fragoso, D.D.B. and Magalhaes, L.C., 2001. 
Abamectinresistance and synergism in Brazilian populations of Tuta absoluta 
(Meyrick)(Lepidoptera: Gelechiidae). International Journal of Pest 
Management, 47(4), pp.247-251.

Failures in the control of the tomato leafminerTuta absoluta (Meyrick) by means of abamectinin 
Brazil, and a recent report of abamectinresistance in Brazilian populations of this pest species, led 
to the investigation of the possible involvement of detoxification enzymes using insecticide 
synergists. Resistance to abamectinwas observed in all populations when compared with the 
standard susceptible population, with resistance ratios ranging from 5.2- to 9.4-fold. Piperonyl
butoxidewas the most efficient synergist with abamectinsynergism ratios ranging from 3.0- to 
5.3-fold and providing significant resistance suppression, but complete suppression of abamectin
resistance was only obtained in one population of T. absoluta . Triphenylphosphatewas an 
abamectinsynergist which was not as efficient as piperonylbutoxide, but it provided complete 
suppression of abamectinresistance in four of the six resistant populations studied, suggesting a 
major involvement of esterasesas an abamectinresistance mechanism in these populations. The 
importance of cytochrome P450, inhibited by piperonylbutoxide, seems secondary to esterases. 
Diethyl maleate also synergized abamectinin nearly all populations, but provided only partial 
suppression of abamectinresistance in the leafminerpopulations studied. Therefore, glutathione-
S-transferases seem to be of minor importance as an abamectinresistance mechanism in Brazilian 
populations of T. absoluta .

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Campos, M.R., Rodrigues, A.R.S., Silva, W.M., Silva, T.B.M., Silva, V.R.F., Guedes, R.N.C. and 
Siqueira, H.A.A., 2014. Spinosad and the tomato borer Tuta absoluta: a bioinsecticide, an 
invasive pest threat, and high insecticide resistance. PloSone, 9(8), p.e103235.

Spinosad

The introduction of an agricultural pest species into a new environment is a potential threat to 
ŀƎǊƻŜŎƻǎȅǎǘŜƳǎ ƻŦ ǘƘŜ ƛƴǾŀŘŜŘ ŀǊŜŀΦ ¢ƘŜ ǇƘȅǘƻǎŀƴƛǘŀǊȅ ŎƻƴŎŜǊƴ ƛǎ ŜǾŜƴ ƎǊŜŀǘŜǊ ƛŦ ǘƘŜ ƛƴǘǊƻŘǳŎŜŘ ǇŜǎǘΩǎ 
phenotype expresses traits that will impair the management of that species. The invasive tomato borer, Tuta 
absoluta (Meyrick) (Lepidoptera: Gelechiidae), 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, spinosad 
resistance in Brazilian populations of this species was characterized. Spinosad resistance has been reported in 
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 
180,000-fold. Inheritance studies indicated that spinosad resistance is monogenic, incompletely recessive and 
ŀǳǘƻǎƻƳŀƭ ǿƛǘƘ ƘƛƎƘ ƘŜǊƛǘŀōƛƭƛǘȅ όƘн Ґ лΦтмύΦ {ǇƛƴƻǎŀŘ ǊŜǎƛǎǘŀƴŎŜ ǿŀǎ ǳƴǎǘŀōƭŜ ǿƛǘƘƻǳǘ ǎŜƭŜŎǘƛƻƴ ǇǊŜǎǎǳǊŜ ǿƛǘƘ 
ŀ ƴŜƎŀǘƛǾŜ ǊŀǘŜ ƻŦ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ ƭŜǾŜƭ ό Ґ ҍлΦрмύ ƛƴŘƛŎŀǘƛƴƎ ŀƴ ŀǎǎƻŎƛŀǘŜŘ ŀŘŀǇǘƛǾŜ ŎƻǎǘΦ Esterases
and cytochrome P450-dependent 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, another spinosyn, suggesting that altered 
target site may be the mechanism involved. Therefore, the suspension of spinosynuse against the tomato 
borer would be a useful component in spinosad resistance management for this species. Spinosad use against 
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.

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.

Roditakis, E., Vasakis, E., Grispou, M., Stavrakaki, M., Nauen, R., Gravouil, M. and Bassi, A., 
2015. First report of Tuta absoluta resistance to diamide insecticides.Journal of pest 
science, 88(1), pp.9-16.

Insect ryanodine receptors (RyR) are the molecular target-site for the recently introduced diamide insecticides. 
Diamides are particularly active on Lepidoptera pests, including tomato leafminer, Tuta absoluta (Lepidoptera: 
Gelechiidae). 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 diamide 
resistance was investigated in a diamide resistant strain from Italy (IT-GELA-SD4), and additional resistant field 
populations collected in Greece, Spain and Brazil. The genetics of resistance was investigated by reciprocally 
crossing strain IT-GELA-SD4 with a susceptible strain and revealed an autosomal incompletely recessive mode of 
inheritance. To investigate the possible role of target-site mutations as known from diamondback moth (Plutella 
xylostella), we sequenced respective domains of the RyR gene of T. absoluta. Genotyping of individuals of IT-GELA-
SD4 and field-collected strains showing different levels of diamide resistance revealed the presence of G4903E and 
I4746M RyR target-site mutations. These amino acid substitutions correspond to those recently described for 
diamide resistant diamondback moth, i.e. G4946E and I4790M. We also detected two novel mutations, G4903V 
and I4746T, in some of the resistant T. absoluta strains. Radioligandbinding studies with thoracic membrane 
preparations of the IT-GELA-SD4 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 position 
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 efficacy 
of diamides under applied conditions. The implementation of appropriate resistance management strategies is 
strongly advised to delay the further spread of resistance.

Diamides

Tuta populations resistant to diamides 
have been found in: Crete, Greece, Sicily, 
Italy, SW Spain, and Israel ςJan 2017
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

Haddi, K., Berger, M., Bielza, P., Cifuentes, D., Field, L.M., Gorman, K., Rapisarda, C., 
Williamson, M.S. and Bass, C., 2012. Identification of mutations associated with 
pyrethroid resistance in the voltage-gated sodium channel of the tomato leaf miner 
(Tuta absoluta).Insect biochemistry and molecular biology, 42(7), pp.506-513.

ɽ-cyhalothrin, tau-fluvalinate

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 
ŜǎǘŀōƭƛǎƘŜŘ ŦǊƻƳ ŦƛŜƭŘ ŎƻƭƭŜŎǘƛƻƴǎ ŦǊƻƳ 9ǳǊƻǇŜ ŀƴŘ .ǊŀȊƛƭ ǘƻ ǇȅǊŜǘƘǊƻƛŘǎΦ IƛƎƘ ƭŜǾŜƭǎ ƻŦ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ˂ 
cyhalothrin and tau fluvalinatewere observed in all five strains tested. To investigate whether pyrethroid 
resistance was mediated by mutation of the para-type sodium channel in T. absoluta the IIS4ςIIS6 region of 
the para gene, which contains many of the mutation sites previously shown to confer knock down (kdr)-type 
resistance to pyrethroids across a range of different arthropod species, was cloned and sequenced. This 
revealed that three kdr/super-kdr-type mutations (M918T, T929I and L1014F), were present at high 
ŦǊŜǉǳŜƴŎƛŜǎ ǿƛǘƘƛƴ ŀƭƭ ŦƛǾŜ ǊŜǎƛǎǘŀƴǘ ǎǘǊŀƛƴǎ ŀǘ ƪƴƻǿƴ ǊŜǎƛǎǘŀƴŎŜ ΨƘƻǘ-ǎǇƻǘǎΩΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ŦƛǊǎǘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ 
these mutations together in any insect population. High-throughput DNA-based 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 carry kdr in combination with either M918T or T929I. 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 resistance of this pest to chemical insecticides.
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

Roditakis, E., Vasakis, E., Grispou, M., Stavrakaki, M., Nauen, R., Gravouil, M. and 
Bassi, A., 2015. First report of Tuta absoluta resistance to diamide insecticides. 
Journal of pest science, 88(1), pp.9-16.

Chlorantraniliprole, flubendiamide

The tomato borer Tuta absoluta (Lepidoptera: Gelechiidae) is 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 Italy 
monitoring diamide resistance. The populations originating from Sicily (Italy) exhibited LC50s that 
ranged between 47.6ς435 for chlorantraniliprole and 993ς1.376 for flubendiamide, while for 
Crete (Greece) LC50s ranged between 0.14ς2.45 for chlorantraniliprole and 1.7ς8.4 for 
ŦƭǳōŜƴŘƛŀƳƛŘŜ ό[/рлǎ ƛƴ ƳƎ [ҍмύΦ /ƻƳǇŀǊƛƴƎ ǘƘƛǎ ǊŜǎǳƭǘ ǘƻ ǘƘŜ ǎǳǎŎŜǇǘƛōƭŜ ǊŜŦŜǊŜƴŎŜ ǎǘǊŀƛƴΣ ƘƛƎƘ 
resistance levels for the Italian populations were detected, i.e., up to 2,414- and 1,742-fold for 
chlorantraniliprole and flubendiamide, respectively. Resistance ratios for Greek populations were 
found up to 14-fold for chlorantraniliprole and 11-fold 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

Dr R.J. Jacobson, RJC Ltd, 5 Milnthorpe
Garth, Bramham, West. Yorks, LS23 6th

Final Report December 2015
Dr C Bass, Rothamsted Research, 
Harpenden, Hertfordshire, AL5 2JQ
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3. Tuta control products, resistance publications, and method to evaluate efficacy.

UK Data
Continued

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



Two key test method documents for Tuta:

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



Method comparison for Tuta:

The 32-well repli-dish assay:

ÅOne leaflet per cell
ÅOne larva per cell

The compound leaf assay:

ÅOne compound leaf per cell
Å10 larvae per leaf

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Method: No: IRAC No. 022

Tuta absolutalarva
Photograph Courtesy of: DuPont 

Crop Protection

Status: Approved

Species: Tuta absoluta

Species Stage Larvae L2 (size: 4-5 mm)

Product Class:

Oxadiazins(IRAC MoA

22), anthranilic diamides 

(IRAC MoA 28), spinosyns

(IRAC MoA 5)

Comments: 

In order to obtain homogeneous Tuta absolutalarvae (same age, nutritional and 

general health condition), it is highly recommended that insects collected from the field 

(F0 generation) are brought to a laboratory and reared to the F1 generation for 

evaluation of insecticide susceptibility.

Details:

For further information please contact the IRAC International Coordinator: 
Alan Porter: aporter@intraspin.com  

www.irac-online.org 
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For further information please contact the IRAC International Coordinator: 
Alan Porter: aporter@intraspin.com  

www.irac-online.org 

Materials:

Insect-proof containers, scissors, fine forceps, fine pointed brush, seeking pin, beakers and syringes / micropipettes for test 

liquids (solutions and EC formulations), accurate balance for solids and SC liquid formulations, syringes/pipettes/micropipettes

for making dilutions, binocular microscope or hand lens, wire net or paper towels, 10-15 cm2 cell plates with sealable lid*, filter 

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:  Bio-Serv, Rearing tray white ref: RT32W and Bio-assay Tray Lid-4 cells ref: RTCV4

Methods:

This method is a leaf-dip bioassay to be performed preferably with F1 L2 larvae (4-5mm in size):

a) Collect a representative sample of insects from a field. These may be larvae suitable for immediate testing (least preferred 

as these larvae may be contaminated from unknown previous field treatments or otherwise parasitized, etc.) or individuals 

(larvae/ pupae/ eggs) to be reared to second instar larvae F1 generation (preferred, homogeneous cohort).  The insects 

should not be subjected to temperature, humidity or starvation stress after collection. In order to obtain a representative 

sample of insects from any given field, ideally a minimum of 100 larvae or pupae should be collected from each field to be 

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, and 

moth emergence will be synchronous. These moths are then reared to obtain enough L2 larvae for the bioassays. 

Susceptibility Baseline:S Resistance Monitoring: S
Objectives:

Description:

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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b) Collect sufficient non-infested, 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 to 

obtain optimal leaf coverage. The adjuvant solution should be used for the ñuntreatedò control solution in place of 

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 surface (abaxialsurface) 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 leaf material to avoid starvation stress in the ñuntreatedò during the test.  Do the same procedure 

for all the doses, starting with the ñuntreatedò control (wetter solution), then followed by the more diluted dose and 

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.

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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Note. Tomato leaves are quite fragile and sensitive. Maintaining the tomato leaflets intact ïavoiding cutting them into 

measured pieces - helps 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 damage thevery 

fragile larvae. The following method is recommended in order to minimize larvae mortality due to handling: place leaves infested

with L2 larvae on a light box (glass surface table with a fluorescent light source underneath), so that larvae can be clearlyviewed 

through the leaf epidermis. The larvae can be easily located by forcing them to move with softly touching the leaf surface using a 

fine paintbrush. Once an L2 larva is detected, a small leaf square is cut around it with a sharp scalpel. The leaf square (with the 

larva) is lifted with a brush or fine forceps and is placed on the tomato leaf in the bioassay tray. In a few minutes the larva will start 

looking for food on the fresh tomato leaf provided in the bioassay tray. Start the infestation process with the untreated control cell 

units (1 larva per cell) and then continue by ascending order of concentration of insecticide. Avoid cross contaminations, e.g. brush 

touching treated leaflets (in case it happens, immediately wash the brush well, before continuing the infestation). Each doseshould 

have at least 32 larvae (32 cell units or one tray if using suggested model from Bio-Serv*).  Note. As developmental time can vary 

between populations and slight differences in rearing / environmental conditions, the following length measurement can be used to 

classify L2 larvae:  4-5mm.

h. When the infestation is finished, close the trays carefully, sealing the cells with their lids (each lid closes 4 cells, if using suggested 

model from Bio-Serv*).

i. Store the bioassay trays in an area where they are not exposed to direct sunlight or extreme temperatures.  Record maximum and 

minimum temperatures. If possible, maintain a temperature of 25 ± 2°C, 60-70% RH, and 16:8 light:darkphotoperiod regime.

j. Perform evaluations 72 hours after placing the larvae in the trays:

Evaluation of the effects on the larvae:  Larvae 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 seriously affected). 

3. Tuta control products, resistance publications, and method to evaluate efficacy.
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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 larvae as percentage ñaffectedò, correcting for untreated control (wetter solution) mortality using 

Abbottôs formula. It is recommended that the mortality data is utilized to perform a probit or logit dose-response 

analysis to provide LC50 and LC90estimates for each insecticide and insect population tested.  If the % of ñaffectedò 

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 10-15%. 
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 re-use.

2. Insecticide products contain varied concentrations of active ingredient(s). Ensure insecticide dilutions 

are based on active ingredient content (g a.i.). Some diamide insecticides are sold as pre-mixtures 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 several

researchers in Europe: Dr. T. Cabello (University of Almeria, Spain), Dr. P. Bielza (University of Cartagena, Spain), Dr. E. 

Roditakis (NAGREF, Greece) and Pr. C. Rapisarda (University of Catania, Italy).
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https://youtu.be/PSE_MwIAV0s

A video version of the IRAC test method can be 
found at

Additional information is available at the IRAC 
website

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

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

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

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

Tuta TestingMethod Videos 
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4. Monitor Tuta Populations

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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Traptest: 1 trap till 3500 m2, 2-4 
traps/ha if cultivated surface is 
bigger.
Height from the ground : 0.8-
1.2 m

Monitoring - Integrated Pest Management 

ÅPlacepheromone-baited traps to monitor all stagesof tomato
production, i.e. nurseries, farms, packaging,processingand
distributioncenters. Startmonitoring2 weeksbeforeplanting

ÅAs soon as more than 3-4 moths per trap are capturedeach
week,start masstrappingof moths

ÅUse locally established threshold to trigger insecticide
applications
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Å For masstrapping of moths, use sticky traps
or water+oil traps (20-40 traps/ha) baited
with pheromone.

Å Position water+oil mass traps between the
groundand0.8 m. heightmaximum.

Å Keep using pheromone traps for at least 3
weeksafter removingthe crop; this catches
remainingmalemoths

4. Monitor Tuta populations

IPM - Monitoring and mass trapping



Source: IRAC

5. Integrate key Tuta control 
strategies

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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Integrated Pest Management

ÁPhysical & Cultural

IPM

5.  Integrate key Tuta control strategies

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

ðnon chemical key tactics:

5.  Integrate key Tuta control strategies

1. GH cleaning and sanitation
- Prevent carry over of the pest from the previous crop; sanitation of the GH 
for a better start; use pest-free transplants; remove and destroy attacked 
part plants 

2. Physical control - Insect exclusion
- GH modern structures;  insect netting; double doors; climate control 

3. Cultural control - Masstrapping
- Water/oil based and sticky traps pheromone-baited

4. Biocontrol ςNatural enemies
- Establish populations of effective biological control agents; select crop 
protection spray programs safe vs beneficials

5. Mating disruption
- Mating disruption contribution when low density population of T. asboluta
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For a good start:
Å Allow a minimumof sixweeksfrom

crop destruction to planting the
next crop to prevent carry-over of
the pestfrom previouscrop

Å Between planting cycles, cultivate
the soil and cover with plastic
mulchor perform solarisation

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

Å Usepest-free transplants
Å Prefer modern greenhouses,that

allow insectnettings,doubledoors,
andclimatecontrol

IPM ðGH cleaning and sanitation
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Inside the 
DIǎΧ

Χ ŀƴŘ ƻǳǘǎƛŘŜΣ ƛƴ ǘƘŜ 
neighborhood of cultivated area

IPM ðGH cleaning and sanitation:
Remove and destroy previous tomato crop residues from GH 
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Tomatocropresiduesabandonednext to the GHaresourceof infestation

IPM ðGH cleaning and sanitation:
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Remove and destroy attacked part plants is limiting source of infestation

IPM ðGH cleaning and sanitation:
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Attacked tomato fruits by 
Tuta absoluta were 
abandoned on the 
ground  during picking-up 
/ cleaning operations

Remove and destroy 
attacked part plants

IPM ðGH cleaning and sanitation:
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DESTROYall Solanaceousplantsneargreenhouses.
Theyharbor Tutapopulations

IPM ðGH cleaning and sanitation:
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5.  Integrate key Tuta control strategies

New greenhouse: 
a manageable issue

Old greenhouse:
a much bigger  issue

Insect exclusion

IPM ðPhysical Control
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Double doors

5.  Integrate key Tuta control strategies

IPM ðInsect exclusion

Common Situation: Poor Practice
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Double doors

IPM ðInsect exclusion:

Inside view: in the safety
area a sticktrap was
positioned in front of the
external door to catch
insects that were
introducedaccidentally
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Safety area with 
air assistance.
A fan is starting 
automatically 
when the doors 
open and insects 
entrance is more 
difficult

IPM ðInsect exclusion:

Double doors
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Double doors

Otherexamples:
evensimple,but
very effective
doubledoors

IPM ðInsect exclusion:
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Size: min. 9 x 6 / cm²

Seal greenhouse with high quality nets suitable for Tuta absoluta

IPM ðInsect exclusion:

Insect netting

Efficient net-size 
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Double net for (1) bumble bees and (2) Tuta absoluta
well positioned

IPM ðInsect exclusion:

Insect netting

Double netting

Double netting
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rips

Insect nets not overlapping

Avoid rips and breaks in the insect nets 

IPM ðInsect exclusion:

Insect netting
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IPM ðInsect exclusion:

Insect netting in 

modern GH

Protection of ventilation 
openings with insect nets
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Home made mass traps: 
pots with water/oil and 

addition of pheromone bait

Integrated Pest Management ðmass trapping:
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Variantecon 
feromone

Integrated Pest Management ðmass trapping:

Attractive chrome sticky 
traps, pheromone-baited 

or not
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Home made sticky traps: position sticky traps at the level of 
Tuta absoluta attack on the crop. These traps should follow 

vegetation growing (around 2/3 of crop height)

Integrated Pest Management ðmass trapping:
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Mating Disruption - Integrated Pest Management 

Mating disruption can contribute significantly to control Tuta 
absoluta if:
ÅLow population density of Tuta absoluta
ÅModern greenhouse structure with climate and air 

movement control
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Integrated Pest Management ðbiological control
1. Establish populations of effective biological control agents 

(Nesidiocoris tenuis, Macrolophus, Nabis, Necremnus, 
Trichogramma, Pseudoapanteles, Podisus, Amblyseius)

ÅUse of attractive crops: natural/local pest enemies
ÅBiological control: release of beneficials (augmentative) 

1. Select crop protection spray programs safe vs beneficials (conservation) 

Egg parasitoids

Trichogrammaexiguum(South America)

Trichogrammanerudai (South America) 
Trichogrammapretiosum(South America)
Trichogrammaachaeae(Mediterranean)

Larval parasitoids
Necremnusartynes .
Stenomesiussp. .
Neochrysocharisformosa
Habrobraconhebetor .
Diadegmaledicola
Apantelesgelechiidivoris
Dineulophusphthorimaeae
Pseudoaphantelesdignus
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Integrated Pest Management ðbiological control

Attractive crops for Nesidiocoris tenuis
(i.e. Pumpkin) are planted at the 
beginning of the crop cycle to attract the 
beneficials. This establishes populations 
near the crop

Nesidiocoris tenuis is a very 
efficient predator of Tuta 
absolutaΩǎ  ŜƎƎǎ ŀƴŘ ƻŎŎŀǎƛƻƴŀƭƭȅ 
young larvae 
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5.  Integrate key Tuta IPM control strategies
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5.  Integrate key Tuta IPM control strategies

ÅDistribute pheromone dispensers to disrupt mating



Source: IRAC

6. Understand Action Thresholds for 
chemical and microbiological 
control

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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6. Understand Action Thresholds for chemical and microbiological control

Why monitor my farm?

ω 5ŜǘŜŎǘ ŦƛǊǎǘ ƻŎŎǳǊǊŜƴŎŜǎ ŀǎ Tutaabsoluta

ω aƻƴƛǘƻǊ ƭƻŎŀƭ ǇǊŜǎŜƴŎŜκŀōǎŜƴŎŜ

ω aƻƴƛǘƻǊ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ƛƴŘƛǾƛŘǳŀƭ ŦƛŜƭŘǎ ǘƻ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎ ƻƴ 
Tuta management.  

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

BMP for Tuta absoluta

Use the action spray thresholds developed and 
recommended by local experts within your 
respective countries
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6. Understand Action Thresholds for chemical and microbiological control

Tuta absoluta: how can we monitor the presence and the pressure

üFirst action: visual monitoring and level of damages

The experience from Argentina. 2 possibilities:

ÅWeekly observation on 20 plants/1000 sqm or 10 for a 
surface < 500 sqm: record the number of infested

leaflets (with lived larva) Ą with more than 2 infested 

leaflets are detected Ą TREATMENT!

ÅWeekly observation on 100 plants: record the number 

of juvanile stages (larva+pupa) Ą with more than 8-12 

specimensĄ TREATMENT!

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

Tuta absoluta: how can we monitor the presence and the pressure

üSecond action: pheromone traps positioning

The experience from Spain. 

ÅWeekly observation of the male captures: 1 trap/3.500 mq in 

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

Nb captures Level of Risk Action

0 N Å None

< 10 / month
<3 / week

Very low Å Masstrapping (15-20 traps/ha) with water traps

3-30 / week Moderate
Å Masstrapping (15-20 traps/ha) with water traps
Å Treatments (every 10-15 days) with azadiracthin, 

mineral oil, Bacillus thuringensis

> 30 / week High

Å Masstrapping (15-20 traps/ha) with water traps
Å Treatments (every 10-15 days) with azadiracthin, 

mineral oil, Bacillus thuringensis
Å Treatments with chemical compounds like 

Indoxacarb, Spinosad,Emamectine, 
Clorantraniliprole, etc.

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

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

High risk High riskModerate

Long presence of high pressure Ą high risk: important to manage the pest according the the MoA rotation

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

Example of spray application using different solutions according to the flight

Source: G. Purromuto

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

The Tunisian study for different strategies according to monitoring

Source: Control Action threshold for Tutaabsoluta(Lep., Gelechiidae) in tomato raised under greenhouse, M. BRAHAM & A. BENSALEM

To evaluate the proposed thresholds (strategies), 
weekly scooting of 5 randomly plants per treatment 
per block was conducted to determine if thresholds 
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 
spraying (every 10 to 12 days). For strategies ST5, ST6, 
and ST8 The first spay was undertaken when 
infestation appeared followed by regular spraying 
every 10 to 12 days

BMP for Tuta absoluta



Source: IRAC

7. Maximize pest control using 
adjuvants and app tech equipment 

Best Management Practices to Control 
Tuta and Manage Insect Resistance
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7. Maximize pest control using adjuvants and app tech equipment 

Tuta Control is Difficult:

ÅControlling the immatureleafmining stage of Tuta is difficult since it is 
protected from foliar applied insecticides while within the leaf cuticle.

ÅCrop growth,plant structure, and production practices (particularly if 
trellised)makeit more difficult to obtain good spray coverage. 

To MaximizeManagement of Tuta Populations:

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

Å It is critical to use and maintain the best possible spray equipmentto 
ensure excellent coverage and acquire thehighest possible 
insecticidalefficacy.
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7. Maximize pest control using adjuvants and app tech equipment 
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Increase in Tuta control using Codacide adjuvant.

Percent control after two applications: 2007-2009

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

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

%
 C

o
n

tr
o

l

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

This equipment my give only 50-70% of the potential 
efficacy of the products (so it may loose 30-50% efficiency)

This equipment my give only 70-90% of the potential 
efficacy of the products (so it may loose 10-30% efficiency)

This equipment my give only 80-99% of the potential 
efficacy of the products (so it may loose 1-10% efficiency)

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



9494

South Africa:

Various foliar application methods and equipment.

D van Heerden

D van Heerden

D van Heerden

D van Heerden

7. Maximize pest control using adjuvants and app tech equipment 
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D van Heerden

D van HeerdenD van Heerden

D van Heerden

D van Heerden

D van HeerdenD van Heerden

D van Heerden

7. Maximize pest control using adjuvants and app tech equipment 

South Africa:
Various foliar application methods and equipment.
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7. Maximize pest control using adjuvants and app tech equipment 

Formulation Mixing Sequence 

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 that 
the applicator ends up with a sprayable mixture.  In the universe of pesticide active ingredients, most are water 
insoluble, and their inherent nature is to separate from the spray water unless their protective shields of 
surface-active agents have been fully activated.

The Formulation Science mixing sequence is: 

1. Water soluble bags (WSB)

2. Water soluble granules (SG)

3. Water dispersible granules (WG) 

4. Wettable powders (WP)

5. Water based suspension concentrates (aqueous flowables) (SC)

6. Water soluble concentrates (SL)

7. Oil based suspension concentrates (OD)

8. Emulsifiableconcentrates(EC)

9. Surfactants, oils, adjuvants

10. Soluble fertilizers

11. Drift retardants 
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7. Maximize pest control using adjuvants and app tech equipment 
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7. Maximize pest control using adjuvants and app tech equipment 
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7. Maximize pest control using adjuvants and app tech equipment 



Source: IRAC

8. Understand Insecticide Resistance 
Management PRINCIPLES

Best Management Practices to Control 
Tuta and Manage Insect Resistance



101

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

Individuals and Spray Expenses

Å Number & timing of applications influence speed of resistance

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

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

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

Å Excessivetankmixing with adjuvants and other insecticides increases

Å Pest control becomes expensive

8.  Understand Insecticide Resistance Management Principles

Å.
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Ge8.  Understand Insecticide Resistance Management Principles#2.3

Possible Scenario for Resistance Development in an Insect Population

Continuous use of the same Mode of Action removes the susceptible individuals 
leaving a tolerant population that survives the insecticide application
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An under-dosed insecticide application may not remove moderately resistant 
insects from a pest population. This can accelerate the evolution of resistance

Individuals in a 

population carry 

genes for resistance 

even before the 

product has ever 

been sprayed.

under dose label dose

UNDER DOSE

Kills susceptibles: most 

resistant insects survive

LABEL DOSE

Kills susceptibles: impact 

some resistant insects

under dose label dose

under dose label dose

moderately resistant

more resistant

more susceptible

8.  Understand Insecticide Resistance Management Principles

Under-dosing Speeds the Rate of Resistance:
Maximize Insect Kill With Every Spray

Always apply the 

recommended

label rate that will 

remove susceptible, 

some moderately 

resistant, and even a 

portion of resistant 

insects.

Increasing dose

Increasing dose

Increasing dose
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ÅNeed to remove individuals with at least 
one resistant gene (RS)

ÅNeed high level of control for an entire 
insect generation ςprevent gene transfer

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

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

8.  Understand Insecticide Resistance Management Principles
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Insect Migration (exchange of Resistant insects) 

Influences the Speed of Resistance.

Ç Resistance levels in pest populations can be INCREASED through 

immigration of resistant insects. Therefore, the evolution of 

resistance in the pest population may accelerate. 

8.  Understand Insecticide Resistance Management Principles
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MODULE 2

ÁSpecies with a higher reproductive capacity  
have a higher risk of developing resistance. 

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

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

Factors influencing insecticide resistanceReproductive Capacity Influences the 
Speed of Resistance 

8.  Understand Insecticide Resistance Management Principles
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Implementing IPM Removes Resistant Individuals from 
the Population and Improves Level of Pest Control

8.  Understand Insecticide Resistance Management Principles

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

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

Ç Apply the right product at the recommended life stage

Ç Follow labeled application rates and intervals

Ç Calibrate sprayer and maintain nozzles and equipment

Ç Use optimal spray volumes and best management technique

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

Ç Avoid using products that will reduce non-target organisms

Ç Adjust water pH and use adjuvants if necessary
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Rotatinginsecticides with Different Modes of Action 
Reduces Selection Pressure for Resistance

Á Repeated exposure of pest 

populations to insecticides with the 

same Mode of Action will select for 

resistant insects. 

Á 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 

(example 3).

8.  Understand Insecticide Resistance Management Principles



Rotation of insecticides with different modes of 

action prevent the build up of resistant individuals 

in the field. This IRM strategy ensures that most 

resistant survivors from the MOA 1 spray(s) will be 

killed by the subsequent rotation of products 

containing different modes of actions.
109

After an insecticide is sprayed, the 

surviving insects will reproduce and 

the offspring will be less sensitive.

Under permanent selection pressure, the 

overuse of the same insecticide mode of 

action can select for less and less susceptibility 

and a resistant population will evolve.

Rotatinginsecticides with Different Modes of Action 
Reduces Selection Pressure for Resistance

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

Rotate MoA Products Within Windows of Time

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


