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Available at:http://www.economist.com/node/16886442
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Corn Production Area in Brazil (192013)
(million of hectares)
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Corn-Growing Seasons:in Brazil

/ 2nd season \

1stseason Winter

s~ 9.0 million ha R
© 6.8 million ha

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
Cotton

2.0.893 million ha

Soybean

I —
0.27.7 million ha
Source: Conab / IBGE (2013)



Soybean in Western Bahia

A 1980 sC 2 to 4 insecticide sprays
Production cost: US$ 368800/ha
A 1990 sC 5 to 7 insecticide sprays
Production cost: US$ 5a800/ha
A 2000 sC 6 a 8 insecticide sprays
Production cost: US$ 800/ha
A 2012/13C > 10 insecticide sprays
Production cost® US$ 950/ha

Source: ADAB, ABAPA, AIBA, Fundacao BA



Major Cropping Systems in
Western Bahia, Brazil
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Sorghum

Irrigated corn (grain or seed production)

Millet

Irrigated beans

Source: Circulo Verde



Soybean
Spodoptera frugiperda
S. eridania
S. cosmioides
Helicoverpa spp.
Heliothis virescens
Chrysodeixis includens
Stink bugs and other bugs

Whiteflies
Spider mites

Cross-Crop Pests

Corn

Spodoptera frugiperda
Helicoverpa spp.

Spodoptera frugiperda
S. eridania

Stink bugs and other bugsS- cosmioides

Aphids
Whiteflies

Helicoverpa spp.

Heliothis virescens
Chrysodeixis includens
Stink bugs and other bugs
Whiteflies

Spider mites



Chrysodeixis includena soybean and cotton




Tetranychid mites in soybean and cotto

Credit:Paulo E. Saran

Credit:Flavio Moscardi



Bemisia tabacBiotype B

DNGassen




Stink bugs in cotton




Credit: Paulo E. Saran
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S. frugiperda
INn cotton and soybean crops

Credit: Paulo E. Saran



Increase problem oEpodopteraspp.
INn cotton and soybean crops




Increase problem oHeliothis virescens soybean




Detection ofHelicoverpa armigeran Brazll
in 2013

Source: Czepak et al. (2013); Spetch et al. (2013)






Credit: Barbosa




Insecticides for Emergency Use Permit

AElubendiamide ABacillus thuringiensis
AChlorantraniliprole ANPV

ASpinosad

ASpinetoram ABifenthrin

ALufenuron AZeta cypermethrin
ANovaluron

AChlorfluazuron AChlorantraniliprole + Lambda-cyhalothrin
AMethoxifenozide ABifenthrin + Zeta cypermethrin
AChlorfenapyr ABifenthrin + Carbosulfan
Alndoxacarb

AMetaflumizone ANovaluron + Methomyl
AThiodicarb ALufenuron + Profenofos
AMethomyl

AChlorpyrifos Source: Embrapa (2013)



&7 ‘»';_\’ "% Arthropod Pesticide
You s g 4 B  Resistance Database

Resistance cases in the worddH. armigera

V 686 cases — ASpinosad
ABifenthrin

V 246 locations ) |
Aleta cypermethrin

V48 active ingredients — ALambda-cyhalothrin
AFenvarelate
AThiodicarb

— AChlorpyrifos

"MICHIGAN STATE
UNIVERSITY http://www.pesticideresistance.com




Understanding the é%zetlc variability and
Sﬂ%ceﬁiblllt to IrEecu ides .and Bt proteins
in Helicoverpe spp populations in Brazil
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Samples of Helicoverpa spp.

V Atotal of 274 Helicoverpa caterpillars were collected at 19
sampling sites from six different crops

V Species identification was carried out using the seguence
fragment of COIl mitochondrial gene by comparing with H. zea
and H. armigera species barcodes and determining homology
with BlastN tool.




Apr - Jun/2012

Sep-Nov/2012

Dec-Mar/2013

Maize

H. zea H. armigera

BA BA

H. armigera

BA

Soybean

H. armigera

BA
AT

Maize gl \5/
H. zea B
BA A\AS
/P AT
AVG
Millet Yo
H. zea H. armigera s
- &
H. zea H. armigera H zea
BA BA
AA KCE
Bean Bean
H. armigera H. armigera
BA BA
Sorghum Soybean
H. armigera :
BA J H. armigera
BA
AT
Avs

AVA

Leite et al.(2014) i Plos One



Geographic distributions of COIl haplotypes of H.

armigera and H. zea

Winter cropping Summer cropping

Leite et al.(2014) i Plos One



No genetic structure in H. armigera and H. zea populations

High genetic diversity in H. armigera and H. zea populations

Species # individuals # Haplotype Nucleotide Tajima's D Fu's Fs
(samples) Haplotypes Diversity Diversity test (p test (p
(Hd) (Pi) value) value)
H. -1.729 -26.361
armigera 139 (14) 31 0.821 0.0028 (<0.01) (<0.01)

2190  -22.912
H. zea 135 (16) 20 0.42 0.0011 (<0.01)  (<0.01)

Leite et al.(2014) i Plos One



Haplotype network based COIl sequences from H.
armigera and H. zea samples collected in Brazil

@ H. armigera () H. zea Leite et al.(2014) i Plos One



Haplotype network based COIl sequences from H. armigera
samples from Brazil and Old World specimens

® Brazil Europe @ China
0 Pakistan @ India @ Australia



Diet Overlay Bioassay

ASpinosyns

V 3rd instar larvae;

ADiamid
V 30 pL cell; Amices

| ABenzoylurea
V 6-8 concentrations;

V After 2 and 4 days;

ADiacylhydrazin
APyrazole
V Probit Analysis. AOxydiazine



Topical Bioassay
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V 3rd inStar rvae;

V1 uL larvae;

V 6-8 concentrations;
V After 24 and 48 h
V Probit Analysis.

ADeltamethrin
AFenvarelate
AThiodicarb
AChlorpyrifos




F2 screen

Larvae (F0) Adults (FO)  Isofemale (FO) Larvae (F1)

(O 110 | arvael/

- hadl 7

~Adults (F1) Larvae (F2)
(O 40 mal e+ f @20aalvae)isofemale)

m Screen with Intacta Soybean
uwe - (Cry1Ac)
m m and some insecticides

(pyrethroids, diamides and
spinosyns)

Andow & Alstad (1998)



Resistance Monitoring
19962014

Rio Grand#
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Spodoptera frugiperda




Insecticide Resistance Monitoring in Rio Verde,

Golas State, Brazil
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Omoto et al. (in prep.)



Insecticide Resistance Monitoring in Rio Verde,

Golas State, Brazil
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Insecticide Resistance Status of Spodoptera
frugiperda in Brazil

Chemical Class IRAC Classificatio

Organophosphates 1B
High f(R) Pyrethroids 3
Benzoylureas 11
- Lowto Spinosyns 5
mterfrFRe)tl ate Carbamates 1A
Indoxacarb 22A
? Diamides 28

Bacillus thuringiensis 16



Adoption of transgenic maize technology in Brazil

(% cultivated area)

200:3/14:p
Biotech Covent.
—Total =1st Season--2nd Season
100%
90% 2nd 90.0
Season %
80%
70%
60%
1st 71.5
50% Season %
40%
30%
20%
Total 8:/'4
10% 0
O% T T T T T T ] . ,
06/07 07/08 08/09 09/10 10/11 11/12 12/13 0%  50% 100%

Source: CELERES®| % of total maize area | Updated in August 2013
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Field-evolved resistance to Cry1F maize by Spodoptera frugiperda
(Lepidoptera: Noctuidae) in Brazil

Juliano Ricardo Farias *, David A. Andow  Renato Jun Horikoshi “,
Rodrigo José Sorgatto °, Pablo Fresia ©, Antonio Cesar dos Santos °, Celso Omoto “

* Department of Entomology and Acarology, “Luiz de Queiroz” College of Agriculture (ESALQ), University of Sdo Paulo (USP), Av. Padua dias 11, Piracicaba,

Sao Paulo 13418-900, Brazil
b Department of Entomology, University of Minnesota, 219 Hodson Hall, 1980 Folwell Ave., 55108 Saint Paul, MN, USA

* Dow AgroSciences LLC, 9330 Zionsville Rd, 46268 Indianapolis, IN, USA



Bt crops in Brazil

Cotton CrylAc

CrylAc/CrylF
Cry1lAc/Cry2Ab2
CrylAb/Cry2Ae

Corn Cry1lAb

CrylF
Cry1lA.105/Cry2Ab2
VIP3Aa20
Cry1lAb/VIP3Aa20

Cry1A.105/Cry2Ab2/Cryl1F

CrylAb/CrylF

Cry1A.105/Cry2Ab2/Cry3Bb1

Soybean |CrylAc

Source: CTNBio (2013)



High RiglooRResistance dvaliion

wSingle protein-events

wNot a highdose event to-major target pests

wLow refuge .compliance

wlntense selection pressure with different Bt
Crops



Bt crops in Brazil

Bt Protein
Crop Technology Cryl Cry2 VIP
Corn Yieldgard®; Agrisure TL® CrylAb
Hercul exEE CrylF
Vi pter akE Vip3A
Agrisure Vipter aErylAb Vip3A
Opti mumE | nt r |a SCetAb-£ECrylF
Yi el dgard VT PROGylA105 Cry2Ab
Power Cor eE CrylA.105 + CrylF Cry2Ab
Cotton Bollgard® CrylAc
Bollgard II® CrylAc Cry2Ab
Wi destrikeE CrylAc + CrylF
TwinLink® CrylAb Cry2Ae
Soybean |I ntacta RR2 PROE CrylAc




OPEN 8 ACCESS Freely available online @ -PLOS | ONE

Shared Midgut Binding Sites for Cry1A.105, Cry1Aa,
Cry1Ab, Cry1Ac and Cry1Fa Proteins from Bacillus
thuringiensis in Two Important Corn Pests, Ostrinia
nubilalis and Spodoptera frugiperda

Carmen Sara Hernandez-Rodriguez’, Patricia Hernandez-Martinez', Jeroen Van Rie?, Baltasar Escriche’,
Juan Ferré'*

1 Departamento de Genética, Universitat de Valéncia, Burjassot, Spain, 2 Bayer CropScience M.V, Ghent, Belgium

Bt corn Bt cotton
ACry1A.105 + Cry2Ab2 ACry1Ac + Cry2Ab
ACry1Ab + VIP3Aa20 ACry1Ac + CrylF
ACry1A.105 + Cry2Ab2 + Cry1F ACry1Ab + CrylAe

ACry1Ab + CrylF



Phil. Trans. K. Soc. Land. B (1998 353, 17771786

N THE ROYAL
RIS SOCIETY

Two-toxin strategies for management of
insecticidal transgenic crops: can pyramiding
succeed where pesticide mixtures have not?

R. T. Roush

Department of Crap Protection, University of Adelaide, Waite Campus, PMBI, Glen Osmond, South Australia 5064, Australia
(rrowshia waite. adelaide. edu.au)



Bt maize in Brazil:
Key Target Pests at Risk

Spodoptera frugiperda
Fall armyworm

CrylAb

CrylF

Vip3A

CrylAb + CrylF

CrylAb + Vip3A

Cry1A.105 + Cry2Ab
CrylA.105 + Cry2Ab + CrylF

Helicoverpa zea
Corn earworm

10% Refuge

Diatraea saccharalls
Sugarcane borer

Helicoverpa armigera



Bt cotton In Brazil:
Key Target Pests at Risk

Pectinophora gossypiella
Pink bollworm

Alabama argillacea
Cotton leafworm

Chrysodeixis ncludens
Soybean looper

Heliothis virescens Spodoptera frugiperda

Tobacco budworm Fall armyworm
CrylAc Helicoverpa armigera
CrylAc + Cry2ADb
CrylAc + CrylF 20% Refuge

CrylAb + Cry2Ae



Bt soybean in Brazil:
Key Target Pests

Anticarsia gemmatalis Chrysodeixis includens Hellothis virescens
Velvetbean caterpillar Soybean looper Tobacco budworm

Helicoverpa armigera

ACry1Ac (2010) C 20% refuge area


http://www.dowagro.com/br/lorsban/images/pragas/Anticarsia.jpg
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Resistant Susceptible

x O

Susceptible
or
Resistant?

Ywets

C Depend on the Bt protein and concentration
expressed In the plant



