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ABSTRACT: The leaf miner is a key pest of coffee and the use of insecticides for its control results in high water consumption.
The objective in this study was to evaluate the quali-quantitative aspects of reduced spray volumes with and without the addition
of adjuvant, the efficacy of the insecticide cartap hydrochloride in the control of the pest and its effects on the parasitism. Two
experiments were carried out in coffee plantations in Sdo Desiderio, BA. Initially, solution of Brilliant Blue tracer (0.15% p v')
of the 43, 112, 146 and 309 L ha'' volumes was sprayed with and without the soybean oil methyl ester adjuvant (0.25 % v v™).
Before spraying, water-sensitive cards were fixed to the plants and subsequently used for analyze the droplet spectrum in Gotas
1.0 software. The tracer deposit was determined by spectrophotometry. Posteriorly, the insecticide cartap hydrochloride (0.5
kg a.i. ha') was applied in the same volumes and types of spray used in the first test. Infestation rates of pest and parasitism
were evaluated before and after application of the insecticide. The quali-quantitative aspects of the sprays were affected by
the volume of spray applied, by the adjuvant and by the interaction of the factors. The intermediate volumes yielded better
spraying quality without the presence of the adjuvante, with higher number and desity of drops. The spraying volume affected
the depoisto the Brilliant Blue tracer in a linear and positive form. The efficacy of the insecticide was prolonged with the lowest
volume spray and with adjuvant and its impact on parasitism varied with the volume applied and time after application.

Index terms: Adjuvant, application technology, Coffea arabica, Leucoptera coffeella, spraying tracer.

MANEJO DO BICHO-MINEIRO: VOLUME DE PULVERIZACAO, EFICACIA DO
CLORIDRATO DE CARTAPE E IMPACTO NO PARASITISMO

RESUMO: O bicho-mineiro ¢ praga-chave do cafeeiro e o uso de inseticidas para seu controle resulta em consumo elevado de
agua. Objetivou-se avaliar aspectos quali-quantitativos das pulverizagdes com volumes reduzidos de calda, com e sem adicdo
de adjuvante, a eficacia do inseticida cloridrato de cartape no controle da praga e efeitos no parasitismo. Dois experimentos
foram conduzidos em cafezal em Sdo Desidério, BA. Inicialmente, pulverizou-se solugdo do marcador Azul Brilhante (0,15 % p
v nos volumes de 43, 112, 146 ¢ 309 L ha'', com e sem o adjuvante éster metilico de éleo de soja (0,25% v v'!). Antes das
pulverizagdes, cartdes hidrossensiveis foram fixados nas plantas e, posteriormente, usados para analise do espectro de gotas
no software Gotas 1.0. O deposito do marcador foi determinado por espectrofotometria. Posteriormente, foi feita aplicacdo
do inseticida cloridrato de cartape (0,5 kg de a.i ha'), nos mesmos volumes e tipos de calda utilizados no primeiro ensaio. Os
indices de infestacdo e de parasitismo foram avaliados antes e apos a aplicagdo do inseticida. Os aspectos quali-quantitativos
das pulveriza¢des foram afetados pelo volume de calda aplicado, pelo adjuvante e pela interagdo dos fatores. Os volumes
intermediarios proporcionaram melhor qualidade das pulverizagdes sem a presenga do adjuvante, com maiores niimero e
densidade de gotas. O volume de pulverizagdo afetou o deposito do marcador Azul Brilhante de forma linear e positiva. A
eficacia do inseticida foi prolongada com o menor volume de calda com adjuvante e seu impacto no parasitismo variou com o
volume aplicado e tempo apos aplicagao.

Termos para indexacio: Adjuvante, tecnologia de aplicacdo, Coffea arabica, Leucoptera coffeella, tragador de pulverizagao.

1 INTRODUCTION

Bahia is the fourth largest domestic
coffee producer, with a yield of 2.1 million
processed bags. In 2016, there was a reduction
in the harvest of Coffea arabica L. in Babhia,
due to the effects of long drought in the main
producing regions of the state, high temperatures
that affected the flowering and yield of crops
in the West of Bahia (CONAB, 2016), besides

the and occurrence of high populations of leaf
miner, Leucoptera coffeella (Guérin-Méneville
& Perrottet, 1842) (Lepidoptera: Lyonetiidae).
This insect is responsible for indirect damage
to the production due to leaf lesions caused
by caterpillars, with consequent defoliation,
reduction in photosynthesis and coffee longevity
(REIS; SOUZA, 2002). In the West of Bahia, the
pest has optimal conditions for its development,
such as high temperatures and low relative
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humidity, resulting in a fast cycle, greater number
of generations per year and infestations over 20%
of mined leaves throughout the year. Chemical
control is practically the only control tactic used,
reaching 17 annual applications of insecticides,
being two soil applications and 15 sprays
(CASTELLANI et al., 2016), frequently without
the rotation of active ingredients and without
taking into account the principles of integrated
pest management and application technology.

The importance of applying phytosanitary
products to agricultural crops and the growing
concern over safety and environmental
responsibility have encouraged the development of
new technologies aimed at reducing risks. There is
a tendency to reduce the application volume, both
to increase the operational capacity of application
machines and to reduce water consumption
(CHAIM, 2012). Lower application rates may
increase product coverage and efficiency, increase
the operational capacity of sprayers, and decrease
production costs (TAVARES et al, 2017).
Application technology is based on the correct
application of the active ingredient in the target, in
an economical way, affecting the environment as
little as possible, in order to maximize efficiency.
Studies related to spray equipment associated
with spray volumes (MIRANDA et al., 2012), the
potential of adjuvants to reduce drift in agricultural
spraying (OLIVEIRA etal.,2013)and the reduction
in the spray volumes in coffee (SILVA et al., 2014;
DECARO JUNIOR et al., 2015, GITIRANA
NETO et al., 2016; SOUSA JUNIOR et al., 2017),
have been developed with promising results. The
deposition and losses of applied products are
influenced by the morphological characteristics
of plants and leaves, such as hairiness, cuticular
surface, shape and roughness, as well as plant
architecture (SANTINATO et al., 2017). The use
of adjuvants can reduce the negative influence of
the medium, from the preparation of the nozzle to
the contact with the target, breaking physical and
chemical barriers and facilitating the penetration
of the insecticide.

Integrated pest management has one of its
basic components in the selectivity of insecticides,
allowing the preservation of natural enemies.
Studies on the selectivity of phytosanitary
products recorded for coffee cultivation have
been specifically developed in favor of predators
(ROCHA et al., 2010; 2011; VILELA etal., 2010;
CASTILHOS et al., 2017), and there is a lack of
information about the effects on parasitoids.
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In view of the above, the objective of this
study was to select a spraying operating system that
guarantees efficiency in the control of leaf miner
and good quality of the sprays, with a reduction
in the application volume and the impact on the
natural parasitism of this pest insect.

2 MATERIAL AND METHODS

The experiments were carried out from
February to May 2016, in a ‘Catuai’ coffee
plantation (12°33°03”’S and 45°47°38”W; 776 m
altitude), located in Sdo Desidério, BA. The crop
consisted of 12-year-old plants with a height of 2.2
m, with a spacing of 3.2 x 0.5 m, with central pivot
irrigation, comprising an area of 100 ha, in which
the experimental area (1 ha) was demarcated.

The qualitative-quantitative aspects
of spraying were evaluated using a entirely
randomized design (due to the high uniformity
of the area), in a 4x2 factorial scheme, with
four nozzle volumes (43; 112; 146 and 309 L
ha') and two types of spray (with and without
adjuvant), totaling eight treatments, with three
replicates. The plots consisted of three coffee
lines with a length of 30 m, and the central line
was considered useful for evaluations. The
treatments consisted in the spraying of a solution
of Brilliant Blue tracer (FD&C no. 1) at 0.15%
(p v, selected for the studies due to its good
stability to sunlight (ALVES et al., 2014), at the
four spray volumes, with or without the addition
0f 0.25% (v v') soybean oil methyl ester (Aureo)
based adjuvant. The application was made using a
John Deere tractor (5090 E), at a speed of 7.8 km
h'!, with transmission rotation at 540 RPM power
take-off and 550 kPa pressure for all treatments.
The sprayer used was a Jacto (Arbus 2000), with
capacity of 2000 L, 36 nozzles, assisted by air
from axial fan with a diameter of 850 mm and air
flow of 19 m* s”'. Only the hydraulic system on
the left side of the sprayer with 18 tips was used,
whose three were of the Magnojet brand, Series X
(0.5; 1.0 and 1.5), empty conical jet with an angle
of 85° at 100 Ibf pol? and one of the Micron brand,
BH (1.0), also of empty conical jet.

Water-sensitive cards (76 x 26 mm) were
fixed on the adaxial side of leaves of the upper
third (plant height between 141 and 220 cm), in
two plants per plot, positioned between the 3rd
and 5th pair of plagiotropic branches and two
sprayed sides of the plants, totaling four per plot.
After spraying, the papers were removed and
sent to the laboratory for scanning the images
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of the cards in a 600 dpi resolution scanner with
subsequent submission to the analysis in the Gotas
1.0 software, obtaining the following variables:
number, diameter and density of drops, volumetric
mean diameter (VMD), numerical mean diameter
(NMD), uniformity coefficient; coverage and
recovered spray volume. For quantitative
evaluation, a leaf positioned next to each card was
collected and packed in a plastic bag and all the
leaves collected were sent to the laboratory for
washing and recovery of the tracer. The abaxial
and adaxial surfaces of the leaves were washed
with 20 mL of distilled water and the resulting
solution was subjected to a spectrophotometer to
read the absorbance at a wavelength of 630 nm.
Leaf area was individually determined with a
bench meter. For the calculation of the deposits,
the concentrations of Brilliant Blue tracer (ppm)
at different dilutions were determined. From these
data, the standard curve (y=0.0013 + 1.2812x;
R?= 0.99) was constructed between absorbance
readings and concentrations (ppm). As the spray
concentration was the same for all volumes,
the amount of tracer was proportional to the
spray volume, using the same equation for all
treatments. From there, the values of the deposits
were calculated as a function of the initial volume
and leaf area of each sample.

To determine the efficiency of the
insecticide cartap hydrochloride in the control
of leaf miner and the impact of the sprays on the
natural parasitism of the pest, a second experiment
was conducted in the same experimental area used
in the previous study. A completely randomized
design was used in a 4x2+1 factorial scheme, with
four spray volumes (43; 112; 146 and 309 L ha
1, two types of spray (with and without adjuvant)
and one control treatment (without application of
insecticide), totaling nine treatments, with three
replicates. The plots presented the same constitution
described for the previous experiment. The spray
was prepared with and without the soybean oil
methyl ester (Aureo) based adjuvant. The spray
tips used were the same as those mentioned for
the first experiment, with correction of the doses
in each applied volume. The tractor and sprayer
used, as well as the general procedures, were the
same as described in the previous experiment.

The infestation and natural parasitism of
leaf miner were evaluated through four samplings,
one before the application (previous) and 15,
30 and 45 days after application (DAA) of the
insecticide. Samples were taken in the upper third

Melo, T. L. et al.

of four plants taken at random per plot, and the
fourth pair of adult leaves on all four sides of
the plant was collected, totaling eight leaves per
plant and 32 per plot. A stereoscope was used to
count infested leaves (those containing at least
one live larvae lesion), and the leaves containing
mines with the presence of pupae of parasitoids
and/or exit holes of parasitoids, followed by the
methodology described by Melo et al. (2007).
Infestation rates and natural parasitism were
obtained using the formulas: Infestation Index (%)
= (number of leaves with live caterpillars in mines/
total number of leaves) x 100; Parasitism index
(%) = (number of parasitized mines/total number
of mines) x 100. The formula of Henderson and
Tilton (1955) was used to calculate the efficiency
of the insecticide and that of Abbott (1925), for
parasitism reduction. The toxicity classification
of the insecticide was performed according to
the scale of the International Organization for
Biological and Integrated Control of Noxious
Animals and Plants (IOBC) (BOLLER et al.,
2005), as a function of the reduction in the
parasitoid population: Innocuous or slightly toxic
(N): 0 to 50%; Moderately Toxic (M): 51 to 75%;
Toxic (T): above 75%.

For all variables, the data were submitted
to the Cochran and Bartlett tests to verify
homogeneity and of Lilliefors to verify the
normality of the variances and when necessary
the data were transformed in V(x + 0.5) to meet
the assumptions of the analysis of variance. In the
quali-quantitative studies, the data for the adjuvant
factor were compared by the F test and, for the
source of spray volume variation a Regression
Analysis was performed at 5% probability. For the
infestation data, the means were compared by the
Dunnett test at 5% probability. All analyses were
performed using the SAEG (System for Statistical
and Genetic Analysis), version 9.1 (RIBEIRO
JUNIOR, 2001).

3 RESULTS AND DISCUSSION

Asignificant effect (p<<0.05) of spray volume
was observed for drop number, diameter and
density, volumetric mean diameter and uniformity
and of adjuvant for drop number, diameter and
density, besides uniformity. As for the interaction
volume and adjuvant, there was significance for
number and density of drops. Quadratic effects of
volume for number and density of drops and linear
positive for diameter were verified (Figure 1).
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FIGURE 1 - Estimate of number (A), volumetric mean diameter (B), density (C), uniformity coefficient (D) and
mean diameter (E) of droplets on water-sensitive cards after spraying in a coffee plantation with Brilliant Blue
tracer, with and without the addition of adjuvant, as a function of spray volume. Sdo Desidério, BA, 2016.

Without the addition of adjuvant to the spray,
there was an increase in the number of drops up to
the volume of 198.54 L ha!, reaching a maximum
average number of 1,700 drops per water-sensitive
card, an increase of 1406% in relation to the
lowest volume. From this volume (198.54 L ha-
1), there was a decrease in the number of drops
collected in the cards until the highest volume
studied (309 L ha') (Figure 1A). With the addition
of the adjuvant to the spray, the volume effect was
linear and positive, that is, the number of drops
increases as a function of volume increase (Figure
1A). At the lowest spray volume (43 L ha'), the
mean number of drops was 295, whereas at the
highest volume studied (309 L ha'), the average
number of drops was 711, that is, an increase of

241% with the addition of adjuvant to the spray. In
the absence of the adjuvant, the droplet diameter
increased with increasing spray volume (Figure
1B). At the lowest spray volume (43 L ha'), the
diameter was 238 um, while the largest diameter
(259 um) was reached at the volume 146 L ha',
that is, an increase of 8.8%. When the adjuvant
was added to the spray, although it had a significant
effect, no significant model was found to explain
the behavior of drop diameter in spray added
with adjuvant. At the lowest spray volume (43 L
ha'), the diameter was 251 um, while the largest
diameter (262 pm) was also obtained at 146 L ha'.
The results of diameter indicated the formation
of medium drops, considering that very small
drops have a difficult reading by the software,
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below 50 microns (HOFFMAN; HEWITT, 2005)
or 80 microns (SALYANI; FOX, 1994). Another
characteristic that may have affected this result is
the fact that the analyzed target is artificial it does
not have the same morpho-anatomical properties
of the natural targets that are mostly crop leaves
(NASCIMENTO et al., 2013).

A behavior similar to the number of drops
occurred with density, due to the close correlation
between such variables. There was a quadratic
effect of the volume for the treatments without
adjuvant, increasing the density up to the volume
of 198.07 L ha!, reaching a maximum value of
22.13 (drops cm?), an increase of 1418% in
relation to the lowest volume, decreasing from
there to the maximum volume studied (309 L ha
1. With the addition of the adjuvant, the effect was
linearly positive, indicating that density increases
as a function of the increase in application volume
(Figure 10).

When analyzing the interaction of the
factors, there were significant differences in the
number of drops only at the intermediate volumes,
112 L ha' and 146 L ha'!, with higher values in
the treatments without adjuvant (Table 1). Thus,
as expected as a function of the results for number
of drops, higher densities were also obtained at the
intermediary volumes, 112 L ha' and 146 L ha",
with significantly higher densities in the treatments
without adjuvant for the same volumes (Table 1).
However, the density values obtained in this study
can be considered low if the recommendations
for application of insecticides are taken into
account. For these pesticides, Matthews (1992)
recommends drops with a diameter of 50 to 200
pum, resulting in a density around 50 to 70 drops
cm™. Other recommendations regarding drop
density for insecticides are found in the literature,
such as bands from 20 to 30 or 40 to 60 drops
cm™ (SANTOS, 2010). A reduction in the surface
tension for the Aureo adjuvant has already been
verified (MADUREIRA et al., 2015). However,
it should be considered that the fact that the
adjuvant is a methylated soybean oil ester (MSO)
can increase drop size. Water-sensitive cards were
placed on the adaxial surface of the leaves in the
upper third of the plants and, in this location, the
leaf insertion in the branches, depending on the
variety, is 45°, which may have contributed to
the selection of drops in a narrow band of size
variation. Still, it is appropriate to mention that
the water-sensitive card is a surface that hardly
exhibits drops smaller than 50 pm, the sampling
surface may have become selective.

Melo, T. L. et al.

However, the adjuvant factor did not
interfere with the volumetric mean diameter
(VMD) of the drop spectrum. Differences in
VMD were only verified in relation to spray
volumes. A quadratic effect of the volumes in
VMD was observed, with increases up to the
maximum point of the curve (volume of 194.51
L ha'), reaching 543.05 um, decreasing from
that volume (Figure 1D). The volume of 43 L
ha'! allowed the formation of medium droplets,
while the volumes of 112 L ha'! and 309 L ha'
resulted in thick drops and, at the volume 146 L
ha'!, very thick droplets were generated, according
to the classification of the British Crop Protection
Council - BCPC (SOUZA; PALLADINI, 2007)
(Table 2). Although the manufacturers of the tips
used in this study classify them as producers of
very fine drops and with a high risk of drift, the
results indicated the formation of medium, thick
and very thick drops, presenting low risk of drift
and runoff. Several authors report that, in general,
VMD values below 250 um indicate potential risk
of drift, which is mainly due to drops smaller than
100 um and below 50 pum, frequently evaporate
before reaching the target. In contrast, VMD values
greater than 500 pum suggest runoff problems,
which commonly occur with droplets larger than
800 um (CUNHA et al., 2003). Rodrigues et al.
(2012) verified that the variables drop density and
VMD influence the mortality of leaf miner when
the insecticide is cartap hydrochloride. The model
defined by the authors made it possible to infer
that, for an estimated mortality of 90% of the pest,
it would be necessary to use density of 170 drops
cm™? with VMD of 200 um. The data obtained in
this study on drop density do not approach the
model defined by Rodrigues et al. (2012), in which
the volume of 43 L ha' yielded VMD (247.06
um) closer to the said model (200 um). One of
the hypotheses to explain the low droplet density
and high VMD value, which resulted in thick and
very thick drops, may be related to temperature
and relative humidity conditions at the time of
application, especially regarding the low relative
humidity of the air, which varied from 42 to 58%,
below ideal values (70 to 90%) and minimum and
60% recommended (VARGAS; GLEBER, 2005).

Significant differences in uniformity were
observed only in relation to spray volumes, with
quadratic effect of the volumes, and increasing
values up to 192.34 L ha’', at which point the
estimated uniformity reached 1.13 (r).
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TABLE 1 - Number and density of drops in water-sensitive cards after spraying in a coffee plantation with Brilliant
Blue tracer, with and without the addition of adjuvant, as a function of spray volume. Sdo Desidério, BA, 2016.

Drops (N°) Density of drops (drops cm?)
Spray vo_llume Without . . Mean . . . . Mean

(L ha') adjuvant With adjuvant Without adjuvant With adjuvante

43 120.93 A 295.60 A 208.27 1.57A 3.83A 2.70

112 83293 A 201.20 B 517.07 10.83 A 2.60 B 6.71

146 1795.67 A 683.70 B 1239.68 23.37A 8.60 B 15.98

309 841.37 A 711.17 A 776.27 1097 A 9.13A 10.05
CV (%) 35.64 35.06

*Means followed by the same letter in the row do not differ by the Tukey test at 5% significance.

TABLE 2 - Volumetric mean diameter (VMD) of water-sensitive cards after spraying in a coffee plantation with
Brilliant Blue tracer, as a function of spray volume. Sdo Desidério, BA, 2016

Spray volume VMD (um) Drop classification
(L ha'') BCPC Standard* Manufacturer
43 247.06 b Medium Very fine
112 378.45 ab Thick Very fine
146 573.18 a Very thick Very fine
309 365.50 ab Thick Very fine
CV (%) 44.93

*British Crop Protection Council

All treatments presented homogeneous
behavior, since they present a coefficient below
the threshold of 1.4 (Figure 1E). According to
Matuo (1990), uniformity values with coefficients
above 1.4 characterize heterogeneous sprays.
The dispersion coefficient (r), expressed by
drop uniformity, was significantly higher when
spraying was performed without the addition of the
adjuvan although, under the condition of addition
of the adjuvant, the spray was also considered
homogeneous (below 1.4) (Table 3).

As for the quantitative aspect of spraying, a
significant effect of spray volume on the Brilliant
Blue tracer deposit was observed, with no effect
of the adjuvant and the interaction between
the factors. The regression analysis indicated
a positive linear effect of nozzle volume on the
deposit, that is, the deposit increases as a function
of the volume increase, ranging from 0.03 (43 L
ha')to 0.16 uL cm™ (309 L ha') (Figure 2). These
results were expected, since the spraying of larger
spray volumes frequently results in larger deposits,
as already verified in coffee (RODRIGUES et al.,
2010; FERREIRA et al., 2013). In coffee fruits,
Miranda et al. (2012) also obtained significantly

higher deposits at volumes of 300 and 600 L ha’',
compared to 150 L ha''.

In the study of the efficiency of cartap
hydrochloride in the control of leaf miner, there
was a significant effect of the volume factor of the
syringe on the infestation of leaf miner at 15 and
30 days after application (DAA). The adjuvant
factor and the interaction between the volume
and adjuvant factors did not show any significant
interaction during all evaluation periods. It was
also observed that there was an effect of the
interaction of the factors volume and adjuvant in
relation to the control on the infestation by leaf
miner at 15 and 30 DAA.

In the previous analysis of leaf miner
infestation, there was homogeneity in pest
population, not occurring significant differences
between the plots of the experimental area, with
infestations varying from 10.42% to 16.67%
(Table 4). At the beginning, it can be considered
that this level of infestation is low since, according
to Souza and Reis (2000), for hot regions, the
level of 20% of infestation must be used as the
control level.
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TABLE 3 - Uniformity of spraying on water-sensitive cards in coffee leaves, as a function of the addition or not

of adjuvant. Sdo Desidério, BA, 2016.

Characteristic Without adjuvante With adjuvante
Diameter 249.835B 256.897 A
Uniformity (r) 1.084 A 0.802 B

*Means followed by the same letter in the row do not differ by the Tukey test at 5% significance.
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FIGURE 2 - Estimate of deposit of the Brilliant Blue tracer in coffee leaves, as a function of the applied spray

volume. Sao Desidério, BA, 2016

However, in practice, in the West region
of Bahia, technicians and coffee growers adopt
chemical control when infestations are around
5%, since the region meets optimal conditions for
the development of the pest, resulting in shorter
cycle and greater number of generations per
year. At 15 DAA, treatments at 43 L ha'! and 146
L ha'! with and without adjuvant and 112 L ha'!
without adjuvant differed from the control, with
significantly lower infestations. However, only
treatments 43 Lha! (withoutand with adjuvant) and
146 L ha' (with adjuvant) resulted in efficiencies
above 80%, specifically 82.63%, 93.06% and
93.69%, respectively (Table 4). An insecticide
i1s considered efficient when it reaches, at least,
80% efficiency in the control of a pest (MORAIS
et al.,, 2016). At 30 DAA, only the 309 L ha'
treatment with the addition of adjuvant behaved
similarly to the control, while the others resulted
in significantly lower infestations. However, in
none of the treatments, efficiency was observed
above 80%; only the 43 L ha treatment without
adjuvant allowed a close value, 71.43%. In the
last evaluation (45 DAA), all treatments matched
the control, reaching levels above the pest control
level for that region (20%) (Table 4). The obtained
results partially agree with those presented by
Benvenga et al. (2011). These authors verified

a significant reduction in leaf miner infestation
using the same insecticide without adjuvant at
the dose of 0.7 kg pc! and with 370 L ha! up to
70 days after application. Rodrigues et al. (2012)
obtained in their study, high efficiency (93%) after
72 hours of having sprayed with Cartap PS 500 in
the Minas Gerais state.

Atthe end of the experiment it was observed
that the pest was reestablished, probably due to the
climatic and management conditions that favor
the rapid cycle of the pest, around 20 days, and
also the migration of the pest from neighboring
properties. Another aspect to be considered is the
short residual power of the product. Tomizawa and
Endo (1972) found that the fraction with biological
activity of cartap hydrochloride in rice leaves
reached a maximum concentration on the seventh
day after application, declining rapidly until the
15th day, with the remaining of a small amount
of the active fraction up to 30 days. It is possible
that the degradation behavior of the product in
coffee is similar, which would explain the levels
of infestation of leaf miner observed after the
application of this insecticide. It is also important
to consider that irrigation may have contributed to
the reduction in the insecticide action by washing
the product deposits.
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TABLE 4 - Previous Leucoptera coffeella infestation (INF) in coffee and at 15, 30 and 45 days after application
(DAA) of the insecticide cartap hydrochloride and Agronomic Efficiency (AE) of the insecticide, as a function of
different spray volumes, with or without adjuvant. Sdo Desidério, BA, 2016.

Samplings
Treatment Previous 15 DAA 30 DAA 45 DAA
Volume (Lha”) -~ NF INF AE? INF AE INF AE
(%) (%) (%) (%) (%) (%) (%)

43 without! 12.50 a* 1.74b**(3.12)  82.63 6.25b 71.43 2396 a 17.09
43 with? 1042 a 1.11 b (1.04) 93.06 13.54b 25.74 2396 a 0.54
112 without 12.50 a 2.55b (6.25) 60.21 15.62b 28.59 3437 a -18.93
112 with 10.42 a 3.04a(9.37) 37.44 1458 b 20.04 2395a 0.58
146 without 11.46 a 2.78 b (7.29) 55.74 12.50 b 37.67 20.83 a 21.38
146 with 1146 a 1.11 b (1.04) 93.69 10.42b 48.04 3333 a -25.80
309 without 11.46 a 3.04a(9.37) 43.11 12.50 b 37.67 28.12a -6.13
309 with 1250a  3.30a(l1.46) 36.21 2292 a -4.79 4791 a -65.78
Control 16.67a  4.90a(23.96) - 29.17 a - 38.54 a -
DMS 7.50 2.04 11.09 23.23
CV (%) 2571 3244 30.24 31.68

"Without adjuvant; *With adjuvant; *Agronomic Efficiency (Henderson; Tilton, 1955); *Means followed by the
same lowercase letter in the column do not differ by the Dunnett test at 5% significance; **Statistical analysis
carried out on data processed in V(x + 0.5); Untransformed means in parentheses.

In this study, the highest volume (309 L ha')
with and without the addition of the adjuvant proved
to be inefficient for the control of leaf miner in
all evaluation period. At this volume, rates of
infestation reduction ranged from 65.78% to
43.11% (Table 4). Efficiency results from the
treatment at the lowest volume (43 L ha') were
not expected, as most of the qualitative aspects
of spraying and deposition indicated better spray
quality at intermediate volumes (112 and 146 L ha-
1. Another aspect to be observed is that the addition
of the adjuvant to the spray, while allowing a
significant reduction in spray quality, appears to
have contributed to improving the effectiveness
of the product in certain treatments. According
to Cunha and Peres (2010), the adjuvants alter
the physicochemical characteristics of the spray,
such as viscosity and surface tension, improve
drop spread, adhesion, as well as increase the
absorption of the active ingredient, among other
benefits. Mineral or vegetable oils are additives
that act by dissolving the fats components of the
cuticle and cell membranes.

In this study, it can be hypothesized that the
Aureo adjuvant has potentiated the translaminar
effect of the insecticide, contributing to the
achievement of higher efficiency rates at volumes

whose qualitative aspects did not show up to the
desirable standards, such as the volume 43 L ha™'.
According to Aratjo and Raetano (2011), the lack
of knowledge of the interaction between adjuvants
and active ingredients, which can have several
implications, can be observed. In this study, the
interaction seems to have been positive regarding
the control of leaf miner, deserving to be better
studied.

Regarding the impact of spraying on the
natural parasitism of leaf miner, it was observed
that the rates of parasitism were very low, varying
from 0 to 3.8% in the previous evaluation and
from 0 to 11.2% after spraying. Rates of parasitism
reduction (PR) varied between the volumes and
dates of evaluation. At 15 DAA, the volumes
146 L ha! and 309 L ha' without the addition of
adjuvant made possible to classify the insecticide
as toxic and moderately toxic, respectively, and
the other treatments were considered innocuous.
At 30 DAA, the behavior of cartap hydrochloride
was similar, with treatments 112 L ha' and 309
L ha! without adjuvant classified as toxic and
volume 112 L ha'! with adjuvant as moderately
toxic. At45 DAA, only 43 L ha'! treatment without
adjuvant became moderately toxic while, at 112 L
ha’!, it remained as toxic (Table 5).
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TABLE 5- Parasitism Index (PI %) and respective Parasitism Reduction (PR %) as a function of evaluation
periods, before (previous) and at 15, 30 and 45 days after application of insecticides — DAA. Sao Desidério, BA,

2016.
Treatments Parasitism Index (%) and Parasitism Reduction (%)
PI PI PI PI
2’{’11‘11;?; Previous 15 DAA f;z; 30 DAA (I;/f){) 45 DAA (I;R)
(%) (%) (%) (%)
43 without! 0.0 3.2 15.79N* 5.6 -47.37N 1.5 60.53M
43 with? 0.0 32 15.79N 43 -13.16N 3.2 15.79N
112 without 2.9 5.1 -3421N 0.0 100.00T 0.0 100.00T
112 with 0.0 4.2 -10.53N 1.4 63.16M 3.7 2.63N
146 without 2.2 0.0 100.00T 1.9 50.00N 11.2 -194.74N
146 with 2.3 4.2 -10.53N 2.9 23.68N 4.8 -26.36N
309 without 0.0 1.4 63.16M 0.0 100.00T 6.0 -57.89N
309 with 2.2 2.9 23.68N 32 15.79N 5.0 -31.58N
Control 3.8 0.9 - 0.0 - 1.9 -

"Without adjuvant, *With ajuvant

’Parasitism Reduction determined by Abbott’s formula (1925)

“Selectivity classification according to Boller et al. (2005), where: N: innocuous or slightly toxic; M: moderately

toxic; T: toxic

Most of the studies available in the literature
on the selectivity of insecticides to the natural
enemies of the coffee tree, approach the selectivity
in favor of predators, such as the predatory wasps
of leaf miner (GUSMAUO et al., 2000; FRAGOSO
et al., 2001), chrysopides (VILELA et al., 2010)
and lady bug (ROCHA et al., 2010; 2011). In
other cultures, studies have shown that cartap
may reduce parasitism (PASINI et al., 2017) and
affect the sex ratio (CARVALHO et al., 2003) of
Trichogramma pretiosum Riley in tomato.

In general, the results indicate that it
is possible to reduce by more than 50% the
spray volume normally used by coffee growers
(400 to 500 L ha') for the control leaf miner,
maintaining the effectiveness of the insecticide
cartap hydrochloride and low impact on natural
parasitism, especially when associated with the
adjuvant to the soybean oil methyl ester-based
adjuvant.

4 CONCLUSIONS

The qualitative-quantitative aspects of the
sprays are affected by the applied spray volume, by
the adjuvant and by the interaction of the factors.
The intermediate volumes yielded better spraying
quality without the presence of the adjuvant, with
higher number and density of drops.

The spraying volume affected the deposit of
the Brilliant Blue tracer in a linear and positive
form.

The effectiveness of the insecticide cartape
hydrochloride was prolonged longer with the
lowest application volume and with adjuvant.

The impact of the insecticide cartape
hydrochloride on parasitism varied as a function
of the spray volume applied and time after
application.
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