
An Acad Bras Cienc (2018) 90 (4)

Anais da Academia Brasileira de Ciências (2018) 90(4): 3963-3973
(Annals of the Brazilian Academy of Sciences)
Printed version ISSN 0001-3765 / Online version ISSN 1678-2690
http://dx.doi.org/10.1590/0001-3765201820180707
www.scielo.br/aabc  |  www.fb.com/aabcjournal

Population suppression of Ceratitis capitata (Wiedemann) on table grapes using toxic baits

CLÉBER A. BARONIO1,3, DANIEL BERNARDI1, BEATRIZ A.J. PARANHOS2, 
FLÁVIO R.M. GARCIA1 and MARCOS BOTTON3

1Departamento de Fitossanidade, Faculdade de Agronomia, Universidade Federal de 
Pelotas, Avenida Eliseu Maciel, s/n, 96010-900 Capão do Leão, RS, Brazil

2Laboratório de Entomologia, Empresa Brasileira de Pesquisa Agropecuária/EMBRAPA, Embrapa 
Semiárido, Rodovia BR-428, Km 152, s/n, Zona Rural, 56302-970 Petrolina, PE, Brazil

3Laboratório de Entomologia, Empresa Brasileira de Pesquisa Agropecuária/EMBRAPA, Embrapa 
Uva e Vinho, Rua Livramento, 515, 95701-008 Bento Gonçalves, RS, Brazil

Manuscript received on July 17, 2018; accepted for publication on September 21, 2018

ABSTRACT
To provide alternatives to the use of spraying synthetic insecticides in C. capitata management, was 
evaluated the effect of “attract and kill” toxic baits on population suppression of C. capitata in three 
commercial areas producing table grapes. Toxic baits of Gelsura™ (4.5 L ha-1) and Success™ 0.02 CB 
(4.0 L ha-1) resulted in lower population levels of C. capitata adults in monitoring traps after five sequential 
applications at weekly intervals during the maturation period of the grapes when compared with control plots 
with or without insecticidal spray. In addition, plots with Gelsura™ and Success™ 0.02 CB applications 
showed a significant reduction in damage (%) by C. capitata on grape berries and grape bunches when 
compared with control plots without or with insecticidal spray. However, when compared with a plot 
treated by conventional management with sprays of etofenprox (Safety™, 100 g c.p. (commercial product) 
100 L-1) and applications of spinosad (Success™ 0.02 CB toxic bait) with a brush, only Gelsura™ (4.5 
L ha-1) showed a lower level of damage of grape berries and grape bunches. Toxic baits Gelsura™ (4.5 L 
ha-1) and Success™ 0.02 CB (4.0 L ha-1) are promising alternatives for the population suppression of C. 
capitata on table grapes. 
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INTRODUCTION

Among the main fruits produced and exported by 
Brazil, table grapes (Vitis vinifera L.) grown in the 
Sub-medium São Francisco River Valley, located 
in the States of Bahia and Pernambuco, Brazil 
(Ferreira et al. 2010) are notable. This region is 
responsible for 99% of Brazil’s table grape exports 

in a cultivated area of 9,600 hectares with yields 
of 30 to 40 tons per hectare per year and up to two 
and a half harvests per year (Camargo et al. 2008, 
Correia et al. 2016, IBGE 2016). 

The Mediterranean fruit fly (medfly) Ceratitis 
capitata (Wiedemann) (Diptera: Tephritidae) is one 
of the primary phytosanitary problems affecting the 
production and commercialization of fruits in the 
region because of direct damage that reduces both 
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fruit quantity and quality (Paranhos and Gómez 
2008, Morelli et al. 2012). In addition to direct 
damage, there are quarantine restrictions on the 
international trade of fresh fruit due to the presence 
of larvae and/or the detection of insecticide residues 
used for pest control (Paranhos et al. 2008, Morelli 
et al. 2012). 

In Brazil, the management of C. capitata 
in commercial orchards involves the use of 
organophosphate insecticides as cover sprays that 
aim to control adults flying in the orchard as well 
eggs and larvae inside the fruits by the depth effect 
(Raga and Sato 2011, Botton et al. 2016). Although 
this management strategy has been effective 
for several years, the use of organophosphate 
insecticides has been restricted in Integrated Pest 
Management (IPM) due its high toxicity, longer 
postharvest interval (Chueca et al. 2007, Härter et 
al. 2015), similar to events in Europe (Navarro-
Llopis et al. 2013), evolution of the resistance of the 
C. capitata to the insecticide malathion (Magaña 
et al. 2007, Couso-Ferrer et al. 2011, Vontas et al. 
2011, Arouri et al. 2015), besides the occurrence 
of population outbreaks due to the high toxicity to 
mites (Hardman et al. 2007, Botton et al. 2016) and 
deleterious effects on natural enemies (Michaud 
2003, Ruiz et al. 2008, Urbaneja et al. 2009).  

The management of C. capitata has been 
accomplished through the integration of different 
control strategies (Navarro-Llopis et al. 2015) where 
there is infestation, the cleaning and destruction 
of damaged grapes is primarily carried out during 
the three weeks prior to harvesting and “attract 
and kill” such as toxic baits and mass trapping are 
applied in addition to the use of insecticides spray 
(Raga and Sato 2005, Urbaneja et al. 2009, Cook 
and Fraser 2015, Botton et al. 2016). 

Among the advantages of toxic baits are 
the absence of residues on the fruit due to the 
application being directed at the plants’ trunk 
or leaves, a lower impact on natural enemies, a 
lower quantity of spray solution (insecticide and 

water) applied in the orchards, and as infestations 
generally originate from hosts located outside the 
orchards, toxic bait allows the establishment of a 
toxic barrier that acts to reduce infestation (Vargas 
et al. 2002, Navarro-Llopis et al. 2013).

The main toxic bait formulation employed 
in the Sub-medium São Francisco River Valley 
is Success™ 0.02 CB (0.24 g L-1 spinosad) (= 
GF-120) (Dow AgroSciences, Santo Amaro, 
São Paulo, Brazil), which contains the active 
ingredient spinosad (Stark et al. 2004, Mangan 
and Moreno 2009). Moreover, a new ready-to-use 
toxic bait formulation, Gelsura™ (6.0 g L-1 alpha-
cypermethrin) (BASF S/A, Paulinia, São Paulo, 
Brazil), is currently being registered in Brazil for 
the management of fruit flies (Botton et al. 2016). 
Studies carried out in the Mediterranean region 
have demonstrated the potential of this formulation 
for the population control of Bactrocera oleae 
Gemlin (Diptera: Tephritidae) in olives Olea 
europea L. and C. capitata in citrus Citrus sinensis 
(L.) in Spain (Ruiz 2013). 

The Gelsura™ toxic bait is composed of a 
polymer matrix that confers greater resistance 
to degradation by sunlight and rain, with 0.6% 
alpha-cypermethrin as the active ingredient, in 
addition to protein-based food attractants and a 
parapheromone, such as a mixture of tetra-butyl, 
4-5-chloro-2-methylcyclohexane-1-carboxylate 
isomers, known as trimedlure (Jang et al. 2005), 
that is specific for the attraction of male medflies 
(Ruiz 2013, Vargas et al. 2018). 

The Gelsura™ composition differentiates it 
from other toxic baits by potentiating the attractive 
capacity of the toxic bait to pest adults through its 
use in “attract and kill” or mass trapping programs 
based on male annihilation (El-Sayed et al. 2009, 
Navarro-Llopis et al. 2011, Vargas et al. 2018). Due 
to the need to find alternatives for the management 
of C. capitata in commercial crops of table grapes 
that can substitute for the large-scale application 
of cover insecticides or only one kind of toxic 
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FIELD EXPERIMENTS

The experiments were conducted in three areas of 
table grape production. The first experiment (Area 1) 
was carried out in a 3.0 ha area located in Casa Nova, 
Bahia, Brazil, with 3-year-old grapes of the ‘Sugar 
Crisp’ cultivar (1,000 plants per hectare). Initially, 
this area was subdivided into three experimental 
plots of 1.0 ha each; Jackson traps were installed 
(Isca Tecnologias, Ijuí, Rio Grande do Sul, Brazil) 
and baited with the parapheromone trimedlure 
(Iscalure™ TML-plug, Isca Tecnologias, Ijuí, RS). 
The traps were installed at a density of four traps 
per hectare, and the attractant was replaced every 3 
weeks (Brahman et al. 2007) to verify the occurrence 
and level of C. capitata infestation within each 
experimental plot during the prematuration stage and 
the period of physiological maturation of the grapes. 
The traps were positioned in two rows located in the 
center of the plots, one in each quadrant, equidistant 
from each other and suspended at the height of the 
grape bunches. After one week of monitoring traps 
to verify the occurrence of C. capitata in each plot, 
the toxic baits were applied. The treatments used 
included a spray solution of Gelsura™ at 4.5 L ha-1 
(Treatment 1), a spray solution of Success™ 0.02 
CB at 4.0 L ha-1 (Treatment 2) and a negative control 
treatment (without the application of toxic baits or 
insecticide). Both toxic bait treatments were applied 
in five sequential applications at seven-day intervals. 
The toxic baits were applied using a Jacto coastal 
electric (Máquinas Agrícolas Jacto, Pompéia, São 
Paulo, Brazil) sprayer with a 15 L reservoir; the jets 
were directed (one jet every 33 m2) at the supporting 
stakes of the vineyard to form a cluster of drops at a 
specific point. The volume per jet of the Gelsura™ 
toxic bait was 15 mL (4.5 L ha-1 of spray solution, 
based on previous experiments) and Success™ 
0.02 CB toxic bait was 13.3 mL (4.0 L ha-1 of spray 
solution) for a total of 300 points per hectare for 
both formulations. The experimental design was 
completely randomized.

bait, the objective of this work was to evaluate 
the effectiveness of Gelsura™ and Success™ 0.02 
CB toxic baits in the management of C. capitata 
on table grapes in the Sub-medium São Francisco 
River Valley, Brazil.

MATERIALS AND METHODS

EXPERIMENTAL SITES

The experiments were carried out on farms 
producing table grapes (Vitis vinifera L.) in three 
production areas located within the municipalities of 
Casa Nova (BA) (9°18’49”S; 40°52’50”W), Lagoa 
Grande (PE) (9°44,8’89,1”S; 40°80,1’75,7”W) and 
Petrolina (PE) (9°10’40”S; 40°32’06”W) using 
cultivars of seedless white grapes (‘Sugar Crisp’ 
and ‘Arra-15’). At each farm, areas with a history 
of infestation by C. capitata ranging from 2.5 to 6.0 
ha were selected and planted with spacing ranging 
from 2.0 to 3.0 m (between plants) × 3.0 to 4.0 m 
(between rows). Previous studies have shown that 
C. capitata shows high levels of infestation during 
the maturation stage of grapes (Habibe et al. 2008, 
Paranhos et al. 2008), although there is infestation 
pressure during all months of the year. 

TREATMENTS

To verify the effectiveness of C. capitata control 
in table grape production areas, two formulations 
of toxic baits were used: Gelsura™ and Success™ 
0.02 CB toxic baits were prepared in the proportions 
of 1:2 and 1:1.5 parts of commercial product and 
water (volume by volume, v/v), respectively. In 
Area 3, the insecticide etofenprox (Safety™, 100 
mL of commercial product in 100 L of water ~ 
105 g of active ingredient in 350 L ha-1) (Ihara, 
Sorocaba, São Paulo, Brazil) was used as a positive 
control, which is registered by the Ministry of 
Agriculture for the management of C. capitata on 
grapes (Agrofit 2018). 
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The second experiment (Area 2) was carried 
out in a 2.5 ha area located in the municipality of 
Petrolina, PE, with 3-year-old grapes of the ‘Arra-
15’ cultivar (950 plants per hectare). Initially, this 
study area was subdivided into two experimental 
plots of 1.0 hectare per plot and one plot with 0.5 
hectares; Jackson traps were installed similar to 
Area 1. After one week of installation, the traps 
were monitored to verify the occurrence of C. 
capitata in each plot, the toxic baits were applied. 
The treatments were similar to the first experiment.

The third experiment (Area 3) was conducted 
in a 4.0 ha area located in the municipality of Lagoa 
Grande, PE, with 4-year-old grapes of the ‘Arra-15’ 
cultivar (1,150 plants per hectare). The treatments 
and evaluations were like the first experiment. The 
treatments included a spray solution of Gelsura™ 
(4.5 L ha-1) (Plot 1) and a spray solution of Success™ 
0.02 CB (4.0 L ha-1) (Plot 2) applied to areas of 1.0 
ha. As a control (Plot 3), or farmer treatment, the 
farmer sprayed etofenprox insecticide (Safety™, 
100 mL of commercial product in 100 L of water 
~ 105 g of active ingredient in 350 L ha-1 applied 
with a tractor sprayer) and followed this with two 
sequential applications of Success™ 0.02 CB toxic 
bait (2.0 L ha-1 of commercial product without 
dilution, applied with a brush on the support stakes 
of the vineyard). In the treatments using only 
toxic baits, five sequential applications were made 
at seven-day intervals. In the conventional plot 
(Plot 3), two sequential applications of etofenprox 
insecticide were followed by two sequential 
applications of spinosad (Success™ 0.02 CB 
toxic bait); all applications occurred at seven-day 
intervals. The experimental design was completely 
randomized.

MONITORING OF C. capitata ADULTS IN THE 
EXPERIMENTAL AREAS

With the objective of verifying the reduction of 
the infestation in each plot, the evaluation of C. 
capitata populations in the experimental plots 

with and without applications of toxic baits was 
conducted weekly for six consecutive weeks after 
application of the treatments at 35, 28, 21, 14, 7 
and 0 DBH (days before harvest) by counting the 
number of male C. capitata captured in each trap. 

EVALUATION OF INJURIES IN GRAPE BUNCHES 
AND BERRIES

For the evaluation of oviposition (puncture) and/or 
larval development (galleries) in berries and grape 
bunches caused by C. Capitata females, ten grape 
plants were previously selected from the two central 
rows of each treatment and marked with yellow 
tape. On each plant, 10 bunches were selected 
and marked with yellow tape, and the number of 
berries in each bunch was counted. The evaluation 
of damage caused by C. capitata was conducted at 
14, 7 and 0 days prior to harvest. The evaluation of 
the damage to each bunch in each evaluation period 
consisted of counting and removing damaged 
berries (with punctures, postures, and larvae 
gallery) to avoid recounting damaged berries in 
the following weeks. The experimental design was 
completely randomized with 10 repetitions (plants) 
per treatment, where each repetition consisted of 
10 bunches of grapes in each evaluation period. 
The variables analyzed included the proportion (%) 
of bunches damaged (calculated from the count of 
bunches with the presence of at least one damaged 
berry) and the proportion (%) of berries damaged 
per bunch (calculated from the count of damaged 
berries and the total number of berries evaluated 
per bunch). 

DATA ANALYSIS

Using the data obtained from the weekly capture 
of adult male C. capitata in the monitoring traps in 
the different treatments plots (with or without the 
application of toxic baits and insecticides), the number 
of flies per trap per day (FTD) was determined using 
the formula FTD = F / (T × D), where F = the number 
of captured flies, T = number of traps in the area and 
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D = number of days of trap exposure, according to 
model proposed by Navarro-Llopis et al. (2013). The 
data on the  number of fl ies per trap per day (FTD) 
evaluated in the same week or between weeks, 
number of damaged berries per bunch and number of 
damaged bunches were subjected to a Shapiro-Wilk 
normality test (SPSS Inc., Chicago, IL, USA). For 
the residuals that did not exhibit a normal distribution 
or homogeneity of variance, the data were arcsine-
transformed (√x + 0.5) and subsequently analyzed 
using an analysis of variance (ANOVA) and a means 
comparison (Tukey’s test, P < 0.05) (SPSS Inc., 
Chicago, IL, USA).

RESULTS

MONITORING OF C. capitata ADULTS

The application of toxic baits for suppression of 
C. capitata in the treatments carried out in Area 
1 were effective in maintaining the level pest 

infestation below the control level of 0.5 fl ies/trap/
day (FTD) for up to 28 DBH, as recommended by 
Navarro-Llopis et al. (2013) (Figure 1). However, 
in the last two weeks (7 and 0 DBH), there was a 
population increase of C. capitata, particularly in 
the control treatment (F = 22.210; df = 23, 2; P 
< 0.001, FTD = 3.58) during the week of harvest 
(Figure 1). In contrast, the plots with toxic baits, 
Gelsura™ (FTD = 1.50) and Success™ 0.02 CB 
(FTD = 1.83), showed a smaller number of insects 
caught when compared (F = 12.26; df = 11, 2; P < 
0.001) to control treatment (Figure 1).

In Area 2, the application of toxic baits resulted 
in the suppression of infestation by adults of C. 
capitata up to 28 DBH, and during this period, 
Gelsura™ and Success™ 0.02 CB maintained the 
infestation below the control level (FTD = 0.14 and 
0.29, respectively). At 14 and 7 DBH, there was 
an increase in the number of captured adults in the 
monitoring traps in the plots treated with Gelsura™ 

Figure 1 -  Number of Ceratitis capitata captured in four Jackson traps on ‹Sugar Crisp› 
grapevines during the six-week evaluation period in plots with Gelsura™ toxic baits (1:2 
parts of water) and Success™ 0.02 CB (1:1.5 parts of water). Area 1: Casa Nova, BA, 
February to March, 2017. 
2Number of fl ies per trap per day (FTD) followed by equal capital letters over the course of 
six weeks of evaluation and by the same lowercase letters within the evaluation week do 
not diff er (Tukey’s test at 5% probability of error).
Dashed line indicates the level of control (0.5 FTD). *Control plot without the application 
of insecticides.
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(F = 26.07; df = 23, 5; P < 0.001; approximate FTD 
< 0.5), with Success™ 0.02 CB (F = 10.07; df= 23, 
5; P < 0.001; approximate FTD < 0.6) and in the 
control treatment (F = 10.55; df= 23, 5; P < 0.001; 
approximate FTD = 1.75) (Figure 2). However, at 0 
DBH, the plot with toxic bait Gelsura™ applications 
showed a lower number of adults of C. capitata 
caught in monitoring traps (FTD = 1.71) when 
compared (F = 6.34; df= 11, 2; P < 0.01) to control 
treatment, that showed a greater number of adult C. 
capitata (FTD = 3.58), both of plots were similar to 
Success™ 0.02 CB (FTD = 2.25) (Figure 2).

In Area 3, the Gelsura™ treatment suppressed 
the population of C. capitata until 14 DBH (0.75 
FTD) (Figure 3), a result that diff ered (F = 5.90; 
df= 11, 2; P < 0.05) from the plots treated with 
Success™ 0.02 CB, (3.68 FTD) or with application 

of etofenprox and Success™ 0.02 CB (control 
treatment, 3.79 FTD) (Figure 3). However, in the 
last two weeks (7 and 0 DBH) there was an increase 
in the adult infestation pressure of C. capitata in 
the plots with the Success™ 0.02 CB toxic bait 
(F = 9.11; df= 23, 5; P < 0.001; FTD = 15.2) that 
was greater and diff ered (F = 4.382; df= 11; P < 
0.05) from the infestation observed for Gelsura™ 
(FTD = 2.3) and similar the infestation observed 
for etofenprox + Success™ 0.02 CB (4.6 FTD at 0 
DBH) (Figure 3).

INJURIES IN GRAPE BUNCHES AND BERRIES

In Area 1, the cumulative level of damage in berries 
showed a signifi cant reduction (F = 17.762; df= 
29; P < 0.001) in the plots with applications of the 
toxic baits Gelsura™, 0.07%) and Success™ 0.02 

Figure 2 -  Number of Ceratitis capitata captured in four Jackson traps on ‹Arra-15› 
grapevines during the six-week evaluation period in plots with Gelsura™ toxic baits 
(1:2 parts of water) and Success™ 0.02 CB (1:1.5 parts of water). Area 2: Petrolina, PE, 
October/November, 2017.
2Number of fl ies per trap per day (FTD) followed by equal capital letters over the course of 
six weeks of evaluation and by the same lowercase letters within the evaluation week do 
not diff er (Tukey’s test at 5% probability of error).
Dashed line indicates the level of control (0.5 FTD). *Control plot without the application 
of insecticides.
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Figure 3 - Number of Ceratitis capitata captured in four Jackson traps on ‹Arra-15› 
grapevines during the six-week evaluation period in plots with Gelsura™ toxic baits (1:2 
parts of water) and Success™ 0.02 CB (1:1.5 parts of water). Area 3: Lagoa Grande, PE, 
November/December, 2017.
2Number of fl ies per trap per day (FTD) followed by equal capital letters over the course of 
six weeks of evaluation and by the same lowercase letters within the evaluation week do 
not diff er (Tukey’s test at 5% probability of error).
Dashed line indicates the level of control (0.5 FTD). *Control plot with  the application of 
insecticides.

CB (0.04%) compared with the control treatment 
(0.71%) (Table I). Regarding the proportion of 
bunches with damage, the experimental plots with 
the application of the toxic baits Gelsura™ (2.77% 
of bunches damaged) and Success™ 0.02CB 
(2.7% of bunches damaged) were signifi cantly less 
damaged (F = 8.255; df= 29; P < 0.001) compared 
with the control treatment (16.0% of bunches 
damaged) (Table I). 

In Area 2, the highest cumulative average of 
berries damaged by C. capitata over the evaluation 
time was observed in bunches of table grapes in 
the control treatment plot (1.68%), which was 
signifi cantly higher (F = 9.049; df = 29; P < 0.001) 
than the damage observed in the plots receiving of 
toxic baits (Gelsura™, 0.15% and Success™ 0.02 
CB, 0.36%) (Table II). In addition, the experimental 

plots receiving toxic baits (Gelsura™, 6.0% of 
bunches damaged and Success™ 0.02 CB, 8.0% of 
bunches damaged) were a signifi cantly (F = 5.400; 
df = 29; P < 0.001) lower proportion of damaged 
bunches compared to the control treatment (25% of 
bunches damaged) (Table II). 

In Area 3, there was no signifi cant diff erence 
(F = 3.184; df = 29; P < 0.05) in cumulative 
damage between treatments receiving Gelsura™ 
toxic bait (0.22% of berries damaged), Success™ 
0.02 CB toxic bait (1.0% of berries damaged) and 
the conventional treatment with two applications 
of etofenprox and Success™ 0.02 CB toxic bait 
(0.58% of berries damaged) (Table III). In addition, 
there was no signifi cant diff erence (F = 1.020; df = 
29; P > 0.05) in the proportion of bunches damaged 
between the toxic baits Gelsura™ (10% of bunches 
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TABLE I
Average number (n ± standard error) and percentage (%) of berries and bunches of table grapes of the ‘Sugar Crisp’ 

cultivar containing damage by Ceratitis capitata over three weeks of evaluations. Casa Nova, BA (Area 1).

Treatment Dose (L ha-1)
Berries damaged

%
Bunches damaged

Berries1 n ± SE2 n ± SE2 %
Gelsura™ 4.5 62.7 ± 0.86 0.60 ± 0.31 b 0.07 0.27 ± 0.25 b 2.7

Success™ 0.02 CB 4.0 59.4 ± 0.73 0.90 ± 0.38 b 0.07 0.27 ± 0.19 b 2.7
Control* - 59.0 ± 0.55 6.40 ± 1.14 a 0.71 1.60 ± 0.29 a 16.0

1Average number (n) of berries evaluated in each bunch in each treated plot.
2Number of berries/bunch and bunches with damage followed by the same letter in the column do not differ (Tukey’s test at 5% 
probability of error).
*Control plot without the application of insecticides.

TABLE II
Average number (n ± standard error) and percentage (%) of berries and bunches of table grapes of the ‘Arra-15’ cultivar 

containing damage by Ceratitis capitata over three weeks of evaluations. Petrolina, PE (Area 2).

Treatment Dose (L ha-1)
Berries damaged

%
Bunches damaged

Berries1 n ± SE2 n ± SE2 %
Gelsura™ 4.5 44.9 ± 2.3 0.70 ± 0.26 b 0.15 0.60 ± 0.22 b 6.0

Success™ 0.02CB 4.0 43.9 ± 2.3 1.60 ± 0.64 b 0.36 0.80 ± 0.33 b 8.0
Control* - 43.2 ± 1.6 7.10 ± 1.92 a 1.68 2.50 ± 0.67 a 25.0

1Average number (n) of berries evaluated in each bunch in each treated plot.
2Number of berries/bunch and bunches with damage followed by the same letter in the column do not differ (Tukey’s test at 5% 
probability of error).
*Control plot without the application of insecticides.

damaged), Success™ 0.02 CB (25% of bunches 
damaged) and conventional plot with etofenprox + 
Success™ 0.02 CB applications (17% of bunches 
damaged) (Table III).

DISCUSSION

In all the evaluated areas, the application of toxic 
baits was performed when the medfly infestation 
was low on traps (FTD between 0 and 1.86), 
approximately 65 days after the plants were 
pruned. Given that the phenological cycle of the 
evaluated cultivars in the region is between 100 
and 120 days after pruning and that green berries 
are inadequate for the development of the insect 
(Habibe et al. 2008), the greatest infestations of C. 
capitata were observed approximately 90 to 100 
days after pruning (between 21 and 14 days before 
harvest), when there is a greater availability of 
mature fruits and a greater demand by adult insects 

(Habibe et al. 2008, Paranhos et al. 2008), so it 
is necessary to employ special attention because 
of the great conditions of ripe berries provide the 
insects biotype. This was confirmed in all areas; the 
incidence of C. capitata increased significantly in 
the three weeks prior to harvest (14, 7 and 0 DBH) 
in all the studied areas, when most infestations 
above the FTD established for a control of 0.5 were 
recorded.

The use of toxic baits is an essential tool for 
the control of adult medflies in substitution for or 
in combination with the spraying of insecticides 
(Navarro-Llopis et al. 2013). In this study, it 
was observed that the adult population recorded 
in the Jackson monitoring traps baited with the 
Iscalure™ TML-plug parapheromone was lowest 
in areas treated with Gelsura™ than Success™ 
0.02 CB. This may be related to the formulation of 
the bait because Gelsura™ consists of a polymer 
matrix containing food attractants (Ruiz 2013) 
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and the parapheromone trimedlure and therefore 
allows greater control of the males, which reduces 
the population in the traps, as well as Success™ 
0.02 CB. Gelsura™ has shown promising results 
in Europe for the control of C. capitata and B. 
oleae in the crops of C. sinensis and O. europea, 
respectively (Ruiz 2013).

The five sequential applications of Gelsura™ 
at seven-day intervals starting at 35 days prior 
to harvesting at the beginning of the infestations 
maintained the infestation of medfly adults at lower 
or equal levels relative to the Success™ 0.02 CB, 
and at levels equal or less than the conventional 
management with or without sprays (control). 
One variable to be evaluated in future studies is 
an increase in the interval between applications 
because in this region precipitation is low (Lopes 
et al. 2017). However, due to the incident sunlight, 
there may be greater degradation of the active 
ingredient, and this should be quantified to enhance 
the effectiveness of the applications (Allen et al. 
2015).  In this way, work is being done to evaluate 
the residual effect of these toxic baits and resistance 
to rainfall to C. capitata control. 

In the areas of table grape cultivation in 
the Sub-medium São Francisco River Valley, 
conventional management includes use of toxic 
baits and spraying etofenprox (Safety™) and 
acetamiprid (Mospilan™) or the mixture of both 
(Eleitto™) because they are the primary products 

accepted in the European community, which is the 
destination of the produce, and they are authorized 
for pest management in cultivated areas (EFSA 
2017). However, due to restrictions in the consumer 
market for products without chemical residues, the 
use of toxic baits such as Success™ 0.02 CB and 
Gelsura™ allows the adequate management of C. 
capitata without contamination of the grapes with 
insecticide residues (Botton et al. 2016). 

The medfly is in the process of adapting to 
the cultivation of the region (Habibe et al. 2008, 
Paranhos and Gómez 2008). However, even 
with the relatively low level of crop damage, 
the presence of C. capitata populations in the 
vineyards presents a problem for the export of in 
natura grapes to certain markets due to quarantine 
restrictions (Botton et al. 2016). In relation to the 
damage caused by oviposition puncture, even a 
low percentage of damaged berries (less than 2% 
~ ± 9.2 damaged berries on 100 bunches), the 
presence of this lesion may result in an increase 
in the incidence of grapevine diseases as observed 
with A. fraterculus (Machota Jr. et al. 2016), 
resulting in higher production costs due to the labor 
required to clean the bunches (Paranhos et al. 2008, 
Roditakis et al. 2008). These factors, together with 
the problem of agrochemical residues in the fruits, 
make this insect one of the main impediments to 
the production table grapes in the region.

TABLE III
Average number (n ± standard error) and percentage (%) of berries and bunches of table grapes of the ‘Arra-15’ cultivar 

containing damage by Ceratitis capitata over three weeks of evaluations. Lagoa Grande, PE (Area 3).

Treatment Dose (L ha-1)
Berries damaged

%
Bunches damaged

Berries1 n ± SE2 n ± SE2 %
Gelsura™ 4.5 65.5 ± 3.55 1.40 ± 0.48 b 0.22 1.00 ± 0.39 a 10

Success™ 0.02 CB 4.0 69.1 ± 0.95 6.80 ± 2.19 a 1.00 2.50 ± 0.75 a 25
Control* - 62.0 ± 1.46 3.70 ± 1.07 ab 0.58 1.70 ± 0.40 a 17

1Average number (n) of berries evaluated in each bunch in each treated plot.
2Number of berries/bunch and bunches with damage followed by the same letter in the column do not differ (Tukey’s test at 5% 
probability of error).
*Control plot with the application of insecticides.
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Based on the results of these experiments, 
the ‘attract and kill’ technology of the alpha-
cypermethrin-based toxic bait (Gelsura™) is a tool 
for the population suppression of C. capitata in 
grape culture that is equivalent to the Success™ 
0.02 CB toxic bait that is based on spinosad, 
allowing the rotation of active ingredients. Both 
formulations reduced pest infestation compared 
with a control and they are equivalent to the 
effectiveness of the conventional management 
currently employed in the region with the spraying 
of etofenprox (Safety™) with or without the use 
of toxic baits, wish ranging from U$ 60.0 to 71.0 
while the only use of five applications of Success™ 
0.02CB (1.6 L ha-1 of commercial product) costs 
about U$ 134.3 per season. In this work, Gelsura™ 
proved to be efficient as well as Success™ 0.02CB 
and these technologies can be used in replacement 
or in the decrease of insecticides spraying and helps 
to maintain the population of C. capitata without 
causing significant damages in table grapes.
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