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ABSTRACT

Bahia is the Brazilian state with the largest production of sugar apple Aoitsrfa squamoda), and fruit borer
(Cerconota anonellaSepp. 1830) is a key crop pest. Insecticides are the main strategy for pest control even though
there are no pesticides registered for this crop. This study aimed to assess the efficacy of insecticides to control fruit
borer and determine the levels of insecticide residues in sugar apple fruits aiming at requesting the extension of
authorization to use insecticide products in this crop. The experiment was conducted in an eight-year-old irrigated
orchard (2 x 4 m) located Anagé, Bahia, BrazilThe experimental design was a randomized block design with 10
treatments (three insecticides with three doses and a control with water) and 5 replications. Each plot was composed of
four plants but only the two central ones were assessed. Insecticides and doses (g Awdtee) wereBacillus
thuringiensis0.8, 1.7, and 2.5; triflumuron: 2.4, 3.6, and 4.8; and imidacloprid: 4.0, 10.0, and 16.0. Nine sprayings were
carried out at fortnightly intervals with a costal sprayer with constant pressure, JA-2 nozzle, and with jet directed to the
fruits. Ten assessments were performed in order to observe fruit borer presence in 30 previously marked fruits per plot.
Imidacloprid, at the highest studied dose, was the ofdgtafe treatmeniAnalyses of imidacloprid residues, at 21 and
30 days after the highest dose application, indicated levels higher than the maximum limit allowed. Insecticides under the
conditions tested do not meet the norms for requesting the extension of authorization to use insecticides for citrus in
sugar apple fruits.
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RESUMO

Eficacia de inseticidas no controle da broca-do-fruto e avaliacdo
de residuos em frutos de pinha

A Bahia € o maior produtor nacional de pinhar(ona squamoda) e a broca-do-frutdferconota anonellaSepp.
1830)¢é praga chave da cultura. O uso de inseticidas € a principal tatica de controle da praga, mesmo nao havendo
registros de agrotéxicos para a cultura. Objetivou-se com este trabalho avaliar a eficacia de inseticidas para o controle
da broca e determinar os niveis de residuos dos inseticidas nos frutos, visando a solicitacdo de extensao de uso dos
produtos para pinha. O experimento foi conduzido em pomar irrigado, adensado (2 x 4 m) com oitoAnage em
Bahia, Brasil. O delineamento foi em blocos casualizados com 10 tratamentos (trés inseticidas em trés doses e um
tratamento testemunha - agua) e cinco repetig¢@egarcelas compreenderam quatro plantas, sendo as duas centrais
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Uteis. Os inseticidas e as respectivas doses (g de i.a 1@ dgua) foramBacillus thuringiensis0,8; 1,7; e 2,5;
triflumurom: 2,4; 3,6; e 4,8; e imidacloprido: 4,0; 10; e 16. Foram realizadas nove pulverizagfes em intervalos quinzenais
com pulverizador costal de presséo constante, bico JA-2, com jato dirigido aos frutos e 10 avaliagcdes da presenca da
broca em 30 frutos por parcela marcados previamente. Eficacia de controle foi comprovada apenas para imidacloprido na
maior dose estudadanalises de residuo do imidacloprido aos 21 e 30 dias apés a aplicacdo da maior dose indicaram
niveis superiores ao limite maximo permitido. Os produtos nas condicdes testadas ndo se enquadram nas normas pare
solicitacdo de extensdo de uso de citros para pinha.

Palavras-chave Annona squamosaontrole biolégico; controle quimico; imidacloprido.

INTRODUCTION Michelettiet al, 2001), as well as studies on natural enemies
. . (Eroglio-Micheletti & Berti-Filho, 2000; Oliveirat al, 2001)
Annonaceae comprises a group of plants standing o h . .
. . . . ..~ which aim to reduce pest populations. Unfortunately
worldwide for producing high commercial value fruits either - L
. |nfsect|0|de spraying is the control method often used by
for fresh or processed market, as well as for production ol . . .
bioact ds. R ding it o . ruit growers. Even with the recommendations of this
'0active compounds. fregarding IS €Conomic IMpoNance, . yethod (Aracijo Filhet al, 1998; S&o José, 2003),
the three maiAnnonaceae species produce in Brazilare sy-. . . . ;
| da icat associated or not with natural products (Pestgied, 2009;
Eara;rﬁ) delg?;;:,aqu:]irgza gsggﬁg%ﬁnﬁoiaz:;lg:; Brito, 2010), there are no pesticides registered in the
% yaA I_ " Brazilian Ministry of Agriculture, Livestock, and Food
squamosd..) (Lemos, 2014). Bahia state stands out as t Upply (MAR) for Annonaceae orchards
main producembeing considered the dgast national producer '

. . o Since several crops are in the same situation as
of sugar apple, with all-year-round production with hlgr}knnonaceae the Brazilian Ministry #fgriculture and
quality standards (GCEA/IBGE, 2016). '

) i g Livestock (MAR), together with the Brazilian Institute

In the Neotropical re%""”’ fruit borecer.conot.a for the Environment and Renewable Natural Resources
anonella Sepp., 1830, Lepidoptera: Oecophoridae) is OQ?BAMA), and the Brazilian Health RegulatoAgency
of .the most Important pgst speC|e§ onona requiring (ANVISA) published a Joint Normative Instruction (INC),
fruit growers to adopt mainly chemical control to SUPPIeSo. 01 of February 23, 2010 (Brasil, 2010). It establishes the
its population (_Sllvaat al, 2006). In Bra2|l,th|s 'nseCthaS_guidelines and requirements for authorization for
become more important due to an increasing Consumpt'gﬂrochemicals and their components already registered in

of Annonaceae fruits, thus, OCC“pYing, a primary pest Sta'[(L:'isops with insufficient phytosanitary support, as well as
(Hamadaet al, 1998; Braga Sobrinhet al,, 1998, the maximum residue limit allowed.

Bittencourtet al, 2007). Insect larvae are the main cause For this reason and considering the increasing

of production losses, at various stages of growth, initiaIIi)(nloortance of sugar apple to Bahia state, this study aimed

damag!ljg fruit peel and then_ pglp (Séo Jose, 2003). Fru"ibsassess the efficacy of insecticides to control fruit borer
mummitied due to opportunistic fungus development an d determine the residue levels of efficient insecticides in

bef:ome twisted, making gqmmeruahzaﬂon unfeasible (Olgugar apple fruits aiming at requesting the extension of

velragt .al.,. 2004). In addition to peel and pulp dam""ge%iuthorization to use insecticide products in this crop.

seed injuries have already been reported (Braga Etlho

al., 2007). Females @. anonellday eggs on fruit surface MATERIAL AND METHODS

and, under high infestation conditions, on flowers (Silva

etal, 2006). Shortly after hatching, caterpillars take shelter Efficacy of insecticides

within fruit natural cracks, protecting themselves with silk to control Cerconota anonella

threads; they scrape fruit surface and, after 3 to 4 days, The studies were carried out at Canad Famagé,

penetrate into them (Bittencowttal,, 2007). Bahia, Brazil, in the village @&ngico, on the banks of the
Despite the importance of fruit boréew studies have Gaviéo River (14°262 S and 41°432 W), with an altitude of

aimed at managing these insect populatidntong these 366 m.According to Koppen, regional climate is very hot

studies, the ones worthy of mention are crop practieemiarid with summer rains (BswhLocal soil is a

recommendations (S&o José, 1997; Braga Sobeindlg  Dystrochrept with a good drainage condition (Séval,

1998; Bittencouret al, 2007), fruit bagging (Broglio- 2007).
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Evaluations were carried out in a commercial 8-year-oldsecticides have a concentrated suspension formulation,
sugar apple orchard with 25 hectares (2 x 4 m spacing). Thigh registration in thégricultural Protectiof\gency of
orchard is representative of the regional fruit growers, witBahia (ADAB) and MARA (Table 2).
high technological level, including micro sprinkler irrigation ~ The experimental design was a randomized block
and cultural and chemical controls of pests and diseasdssign with 10 treatments and five replications, with plots
and its total production is sold to Sao Paulo state, Brazil.of 28 nt that consisted of four plants, but only the two

Insecticide selection @ble 1) was performed basedcentral were used for assessments, totaling an experimen-
on the guidelines and requirements of INC N0.01/2010 (Brtal area of 1,400 fnTreatments consisted of the use of
sil, 2010). Initially a survey of the products that had beethree insecticides in three doses (indicated dose for citrus
used to controC. anonellaat theAnagé and Presidente and two smaller doses), in addition to a control treatment
Dutra fruit poles was carried out. The products in usgvater) (Rble 2).

(methamidophos and endosulfan) had already been set toNine sprayings were carried out at fortnightly intervals,
be removed from the market by 2013 (Resolutions of tHeom February 18 to June 18, 2011. The first spraying was
Collegiate Board of Directors, RDC No. 01 of January 14erformed at seven days after pollination using a costal
2011, and No. 28 ohugust 09, 2010). sprayer with constant pressure (maintained by compressed

Three insecticides with different modes of action wer€0,) at 50 psi and cone nozzles model JA-2, with a jet
used.Triflumuron acts as a chitin synthesis inhibjtordirected to the fruits. Spray solutions were prepared and
Bacillus thuringiensigerliner acts in the insect digestiveconditioned in 2-L containers, which were coupled to the
tract, especially in caterpillars, and imidacloprid acts assprayer for application.
neurotoxin that interferes with the action of nicotinic About 30 fruits with no symptoms of fruit borer attack
acetylcholine receptors, with a systemic action. Theere selected per plot. These fruits were marked and

Table 1:Active ingredient, commercial product, toxicological classification, license hotaete of action, and group of products
used in the experiment of controfieécy of fruit borer Cerconota anonellpin sugar appleXnnona squamo3aAnagé, BA, Brazil,
2011

Active Commercial Toxicological . .
. o L Hold Mode of Act G
Ingredient Product Classification lcense molder ode ofAction roup
Ingestion —
Bgcil.lus . Dipel® V- Practi(.:ally Sumitomo Chemical disintegrator of BiologicalAgent
thuringiensis Non-Toxic of Brasil the mesentery
epithelium
. Contact, ingestion —
. IV — Practicall . .
Triflumuron Certer@ I. Y Bayer S.A. chitin synthesis Benzoylurea
Non-Toxic S
inhibitor
. . . . Systemic — S
Imidacloprid Provado 200 ST Il — Slightly Toxic Bayer S.A. y ! Neonicotinoid

acetylcholine agonist

Table 2: Treatments (insecticides and control) assessed for conficaayf of fruit borer Cerconota anonellpin sugar apple
(Annona squamo$acommercial products, and doses ugethgé, BA, Brazil, 201

Product Dose (in 100 L water)
Treatment Al Commercial Name C.P(L 100L*water) Al
T1 Control (water)
T2 Triflumuron Certer§480 g L 0.005 249
T3 Triflumuron 0.075 3.69
T4 Triflumuron 0.010 489
T5 Bacillus thuringiensis Dipel® 33.6 g I 0.025 25mL
T6 Bacillus thuringiensis 0.050 50 mL
T7 Bacillus thuringiensis 0.075 75 mL
T8 Imidacloprid Provad§200SC 200 g &£ 0.020 49
T9 Imidacloprid 0.050 109
T10 Imidacloprid 0.080 169

A.l. — active ingredient; C.R- commercial product.
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assessed on symptoms of fruit borer attack before edw#fore penetration. Monteiro & Souza (2010) demonstrated
spraying, totaling nine assessments. Fruits that presentbdtB. thuringiensisrar. kurstakibased formulations are
signs of the presence of fruit borer and droppings, dads efficient as tebufenozide- and chlorpyrifos-based
peel coloy and were mummified, with penetration holeschemical products for controllinGrapholita molesta
(Bittencourtet al, 2007) were considered as havingBusck) andBonagota cranaodgdleyrick) (Lepidoptera:
symptoms. These fruits were counted for subsequehtrtricidae) in the apple tree.
calculation of infested fruit percentage. The triflumuron-based product did not allow a
The percentage of infested fruit data was transformesifynificant reduction of fruit borer damages, which was
into Yx +0,5 and submitted to analysis of variance. Th@ot expected since the product is also registered for
significance in relation to the control treatment was verifiedontrolling citrus fruit borer Gymnandrosoma
by the Dunnett tesll analyses were performed by meansaurantianumLima, 1927) in citrus (Agrofit, 2012). This
of the Program tatisticalAnalysis System, SAS version product inhibits chitin synthesis, acting more slowly in
9.3.TheAbbott's formula was used to calculate the produdhe insectTheoretically caterpillar contamination would
efficacy from the non-transformed data (Naketral, 1981). occur before its penetration into the fruits, with mortality
. . . . inside them. In this studyfirst instar caterpillar
Analysis of insecticide residue contamination probably did not prevent the occurrence of
Based on productféfacy, two residue analyses of theinfestation symptoms by fruit borer and the entry of
active ingredient imidacloprid were performed after sprayingpportunistic fungi. The opening of treated fruits in order
the product in a dose of 16 g a.i: Watey using the same to verify whether the caterpillars died would be of great
equipment and methodology described previodd21  value for improving the assessment methodalogy
and 30 days after spraying, 1.0 kg of fruits were randomly |midacloprid provided a significant reduction @
collected in the sprayed area and Styrofoam-packed wihonelladamage from the second assessment, standing
reusable artificial ice, taking care that the ice did not come gut the higher doses. This is a systemic product, i.e. when
contact with the fruit in order to avoid damage to the peejpplied to leaves, branches, and roots of plants; it is rapidly
Subsequentljthese samples were taken to the Institute efbsorbed and translocated with the sap flow to several
Technology of Pernambuco (ITEP), Pernambuco, Brazil, flant parts, being in lethal amounts to insects (Faria, 2009).
analysis of liquid chromatography coupled to mass Broglio-Michelettiet al.(2001) reported unsatisfactory
spectrometry technique using the equipment UPLC XEV@¥ficiency results of triflumuron and imidacloprid

TQS-S (WatersTechnologies do Brasil). encapsulated with plastic and paper coatings for controlling
C. anonellaand Bephratelloides pomoruniFab.)
RESULTSAND DISCUSSION (Hymenoptera: Eurytomidae) in sours@pcording to the
] ) o authors, the most effective and economical way to control
Efficacy of insecticides these pests in soursop is the use of a common plastic bag
to control Cerconota anonella or perforated plastic.

The average percentages of fruits infested With Considering the efficiency percentages of the studied
anonellaare shown inTable 3. Significant diérences products (@ble 4)B. thuringiensisand triflumuron-based
between treatments and control were observed in the thigsecticides were not effective at all doses and assessment
fourth, and fifth assessments. In the third assessment, gegiods. Imidacloprid showed an efficacy higher than 80%
treatmentsB. thuringiensisat a dose of 25 mL a.i. andin the two highest doses, being efficient in the third and
imidacloprid at the three studied doses allowed a significaitturth assessments at a dose of 10 g a.i. whereas at the
infestation reduction. In the fourth and fifth assessmentsighest dose, the efficacy was demonstrated in the fourth
only imidacloprid at doses of 10 and 16 g a.i., respectivelf83.6%) and from sixth to tenth assessments, reaching 100%.
differed significantly from the control éble 3). In this studyapplications were started at 7 days after

Insecticides with contact or ingestion mode of actiopollination, a period during which fruits were about 1.5 cm
could act on newly hatched caterpillars since they sheltgiametey with no phytotoxicity or abortion symptoms.
in natural cracks of fruits, scrape their surface to feed, a@hemical protection of fruits againGt anonellaattack
only 3 to 4 days after hatching penetrate the frugould be achieved for almost the entire fruiting period by
(Bittencourtet al, 2007), leading to mortality before orusing imidacloprid at the highest dose at fortnightly
shortly after fruit penetration. Regarding tlBe applications. Furthermore, the insecticide that presented
thuringiensisbased insecticide, which acts on ingestiorthe best performance in controlli@y anonellawas that
a greater action was expected in reducing fruit boref systemic action. This fact, associated with the irregularity
symptoms because, theoreticalhere would be sfifient  of maturation and harvest of sugar apple fruits of the same
time for caterpillar contamination when scraping fruit pegblant, raises concerns regarding the waiting period, in
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which is intended to avoid the occurrence of residues in Thus, although studies indicate that imidacloprid is
the fruits in contents above those allowed. selective to predators and parasitoids in some crops such
as bean (Marquirgt al, 2003), worldwide this compound
Analysis of imidacloprid residue has been associated with lethal effects on some insect
Because the imidacloprid was efficient in sixspecies. In termites of the specldsterotermes tenuis
assessments, the residue analysis of this pesticide Wiagen) (Isopterafermitidae), sublethal concentrations
performed in the fruit when applied at the highest dose at imidacloprid altered the cleaning behavior of workers
21 and 30 days after application. The results indicated t{idoino Jr & Alves, 1998) whereas in bees, sublethal do-
presence of 0.02 and 0.017 mg'kgt 21 and 30 days, ses of the insecticides imidacloprid, fipronil, and
respectivelyHoweverthe Maximum Residue Limit allowed deltamethrin determine changes in learning and memory
in the reference crop (citrus) is 0.01 mgtkgherefore, performance during the foraging process (Decouetye
both for the waiting period stipulated for citrus (21 daysal., 2003).
and for a longer period (30 days), the product is Therefore, it is important to consider that sugar apple
inappropriate for using in sugar apple when spraydthrvesting management is staggered and hence there will
directly on the fruit. always be areas of the orchard in flowering and others in
In the Brazilian Official Gazette (DOU) of July 19, 2012 fruiting, making it unfeasible to adequate cultivation areas
a bulletin was published by IBAMA that formally initiatesto the prohibitions established by IBAMA for the use of
the process of reassessment of pesticides associated wébnicotinoids. Thus, until new studies on the extension
harmful effects on bees and the prohibition of sprayingf authorization to use pesticides in sugar apple be carried
during and immediately after floweringmong the out, a phytosanitary education program is essential for
products listed is the imidacloprid. fruit growers.

Table 3:Average percentage (%) of sugar apple fréitmpna squamoganfested by fruit borerGerconota anonellpas a function
of insecticide treatments and control and assessment peniagé, BA, Brazil, 201

Assessment
Treatment
1st% 2nd% 3rd% 4th% 5th% 6th% 7th% 8th% 9th%

Triflumuron —2.4 g a.i. 3.39 6.53 11.15 6.47 12.03 11.73 12.34 1234 12.34
Triflumuron —3.6 g a.i. 251 842 6.72 6.70 7.89 7.89 6.94 6.94 7.89
Triflumuron —4.8 g a.i. 3.83 10.95 14.89 15.26 18.46 14.66 13.49 12.77 13.49
Bacillus thuringiensis- 25 mL a.i. 3.15 6.48 5.59%** 6.08 13.68 10.92 10.15 10.92 10.92
Bacillus thuringiensis- 50 mL a.i. 4.42  6.75 11.35 13.54 18.50 11.38 9.11 11.82 10.64
Bacillus thuringiensis- 75 mL a.i. 4.36  8.62 11.01 10.37 17.26 13.48 13.48 13.48 13.48
Imidacloprid — 4 g a.i. 6.16 6.79 5.25%** 6.08 14.18 8.84 8.16 8.16 8.14
Imidacloprid — 10 g a.i. 171 2.37 2.27%** 1.23%* 8.06 358 3.84 458 3.84
Imidacloprid — 16 g a.i. 536 4.44 2.27%** 4.70 0.53**+* 0.00 0.00 051 071
Control 7.00 11.62 16.58 16.39 18.44 9.68 5091 2.67 3.65

*** — significant by the Dunnet test at 5%.

Tabela 4:Insecticide dfcacy (%) in controlling fruit borerGerconota anonellain sugar appleXnnona squamosas a function of
assessment periofinagé, BA, Brazil, 201

Assessment
Treatment
2nd% 3rd%  4th% 5th%  6th% 7th%  8th% 9th% 10th%

Triflumuron — 2.4 g a.i. 51.57 43.85 32.74 48.33 34.92 0.00 0.00 0.00 0.00
Triflumuron — 3.6 g a.i. 64.17 27.45  59.49 59.13 57.32 18.46 0.00 0.00 0.00
Triflumuron — 4.8 g a.i. 45.29 5.78 10.16 0.00 25.88 0.00 0.00 0.00 0.00
Bacillus thuringiensis- 25 mL 7.00 4425 66.27 62.91  0.00 0.00 0.00 0.00 0.00
Bacillus thuringiensis- 50 mL a.i. ~ 36.91 4191 31.55 17.39 6.62 0.00 0.00 0.00 0.00
Bacillus thuringiensis- 75 mL a.i. ~ 37.70 25.82  33.60 36.71 23.30 0.00 0.00 0.00 0.00
Imidacloprid — 4 g a.i. 11.89 41.59 68.34 62.90 23.30 15.73 0.00 0.00 0.00
Imidacloprid — 10 g a.i. 75.57 79.58 86.31 92.48 56.42 60.31  35.020.00 0.00
Imidacloprid — 16 g a.i. 23.41 61.83 83.58 71.33 97.15100.00 100.00 80.77 80.44
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CONCLUSIONS Hamada N, GomeALS, Couturier G & Ronchi-&les B (1998)
Insetos associados a gravioleirdnfiona muricatal.,

Among the studied products, imidacloprid presented ANNONACEAE) na regido de Manausmazonas, BrasilActa

control efficacy forCerconota anonella Amazonica, 28:425-231.

21 d i imidacl id licati h . Lemos EEP(2014)A producédo de anonaceas no Brasil. Revista
At 21 days after imidacloprid application, the active Brasileira de Fruticultura. Jaboticabal, 36:77-85.

ingredient residue present in the fruit was twice hlghe,\rmmuini F Picanco MC, Guedes RNC & Ferreira PSF (2003)
than allowed. Imidacloprid impact on arthopods associated with canopy of
The products under the study conditions do not meetc0mmon beans. Neotropical Entomologyondrina, 32:335-

the requirements of INC No. 01 of January 23, 2010, not

bei ded f t . N thorizati t bMoino JrA & Alves SB (1998) Efeito de imidacloprid e fipronil
eing recommended for extension or authorization to esobreBeauveria bassianéBals.) Vuill. e Metarizium anisopliae

used in sugar apple. (Metsch) Sorok. e no comportamento de limpezaidterotemes
tenuis (Hagen).Anais da Sociedade de Entomologia do Brasil,
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