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Alternative treatments diminish oviposition and viability of Leucoptera
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ABSTRACT

The effects of alternative treatments on the oviposition and viability of Leucoptera coffeella eggs and larvae were evaluated. Under controlled conditions,
coffee sprouts cv. IAPAR-59, eight months old, were sprayed with brown propolis extract (1%), pyroligneous extract with pepper and garlic (PEPG) (2%),
silicate clay (2%), kaolin (5%), lime sulfur (2%), neem oil (1%) and kaolin + neem oil (5% + 1%), distilled water and no treatment. In a first no-choice bioassay,
coffee sprouts were sprayed before oviposition and kept in cages, where adult insects within three days after emergence were released. Adults remained
in the cages for 24 hours. Eggs were then counted. 10 eggs per sprout were preserved to verify larval mortality. The number of eggs when treated with
propolis extract, neem oil, kaolin + neem oil and PEPG decreased in the evaluations. Treatments with neem oil caused greater larval hindrance. Eggs
laid on leaves were also sprayed with the treatments. Egg viability was reduced by treatments containing neem oil and lime sulfur. Neem oil treatments
resulted in slim adult emergence; intermediate viability with lime sulfur and slight hindrance with silicate clay. Finally, treatments were also sprayed on
leaves, hosting first or third instar larvae. Neem treatment caused high mortality for 1st and 3" instar larvae, however, this effect was reduced when mixed
with kaolin. Nonetheless, these negative effects disappeared when considering the adult survival ratio. Results indicated that propolis extract, PEPG and
neem oil treatments are suitable for reducing egg deposition, neem oil considerably diminished larvae survival and adult emergence.

Key words: Coffea arabica L.; Organic coffee; Plant extracts; Coffee leaf miner.

1 INTRODUCTION

Brazil is the largest coffee (Coffea arabica L.) producer
and exporter in the world. More than 49 million bags of coffee
berry were harvested and 36 million bags were exported in
2019 (Companhia Nacional de Abastecimento - CONAB,
2020), generating revenues close to US$ 5 bi (Conselho dos
Exportadores de Café do Brasil- Cecafé, 2019). From 3 million
hectare of cultivated coffee plants in Brazil (Conab, 2020),
only 576 ha (0.02%) is organically cultivated (Willer et al.,
2021). In 2019, 709 thousand hectares (6.7%) of the global
coffee areas were certified as organic (Willer et al., 2021). This
shows a great market potential for organic certified coffee in
Brazil. Organic and other products certifications as Fairtrade,
Rainforest Alliance and GlobalGAP may increase between
16% and 22% of farmers’ incomes (Meemken, 2020). Thus,
searching for sustainable production systems with reduced
impacts on environment are crucial for farmers to be rewarded
for providing ecosystem services.

The coffee leaf miner (CLM), Leucoptera coffeella
Guérin-Meneville & Perrottet (Lepidoptera: Lyonetiidae)
is one of the key pests that feed on coffee leaves. CLM
seriously damages the production due to the defoliation
(David-Rueda et al., 2016). The reduction in leaf surface area
harms the photosynthesis process, carbohydrate content and,
subsequently, berry production (Taiz et al., 2013).
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CLM management is mostly with chemical control
(Leite et al., 2020). The continuous use of insecticides,
such as neonicotinoids, thiamethoxam and imidacloprid,
without rotation of active ingredient or chemical group,
can lead to a loss in insecticide efficiency, due to, selection
of resistant insect populations and, furthermore, it may be
economically unfeasible due to its high cost (Leite et al.,
2020).

Apromising alternative for this pest’s management is the
use of plant-based extracts and other phytoprotective mixtures
with insecticide properties. Plants from the Meliaceae family
are rich in allelochemical compounds and are an important
source for insecticidal properties studies (Isman, 2020). The
Azadirachta indica A. Juss. is the most studied plant and
there are many reports of insecticidal activity against several
species of insects (Benelli et al., 2016; Isman, 2020). Its most
important active allelochemical, azadirachtin, causes inhibition
of feeding and oviposition; induced hormonal system changes,
which lead to disturbances in the development, deformations,
infertility and mortality of insects (Benelli et al., 2016;
Chaudhary et al., 2017).

There are many studies towards insect management
alternatives for conventional chemical control. Lime sulfur,
silicate rock powders and pyroligneous acid have negative
effects such as repellency, inhibition of oviposition and feeding,
and mortality of pest-arthropods (Alves et al., 2007; Azevedo
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et al., 2005; Eroglu; Emekci; Athanassiou, 2017; Gongalves et
al., 2015; LiSka et al., 2017; Mmojieje; Hornung, 2015; Shah;
Khan, 2014; Tuelher et al., 2014).

Thus, the objective of the study was to evaluate
the effect of phyto protective mixtures, plant extracts and
commercial treatments on the oviposition behavior, egg
viability and survival of caterpillars of the coffee leaf miner, L.
coffeella, in order to verify their potential for introduction into
the integrated pest management of CLM.

2 MATERIAL AND METHODS

The experiments were carried out at the Entomology
Laboratory of the Instituto de Desenvolvimento Rural do
Parana - lapar — Emater, in Londrina, Parana State. The
experiments were performed in a room under controlled
conditions (25 + 1 °C, 70 + 10% and a 14:10, light: dark
photoperiod).

2.1 Insects

Insects were collected from a coffee plantation, IAPAR
59 cv., located at Ibipord county, Parana State, in March and
April of 2010. Leaves hosting L. coffeella larvae were placed
in containers (50 L capacity) and taken to the laboratory. The
leaves were inspected once a day and those containing pupae
were transferred to cages (82 x 60 x 41 cm), sealed with voile
fabric. 12 h after emergence, adults were transferred to other
cages similar to the previous ones and fed with a 10% aqueous
solution of honey soaked in cotton. A stock population was
maintained.

2.2 Plants, spraying and treatments

Tubes (volume of 120 cm?®) containing coffee IAPAR
59 cv. sprouts, aged eight months, with more than four pairs
of expanded leaves, were used in the experiments. Adaxial
surfaces from coffee sprouts were sprayed with an airbrush
(YANMAR SW 776), regulated at 2 BAR pressure. The
sprouts were kept in cages (80 x 60 x 60 cm), sealed with voile
fabric, under controlled conditions (25 + 1 °C, 70 £ 10% and a
14-hour photoperiod).

Ethanolic extract of propolis at 15% (w v?!) was
prepared using dark brown propolis, in a moldable state,
with about 60% impurities, obtained through the scraps from
boxes of Apis mellifera mellifera. For its preparation, 300 g
of propolis was diluted in 2 L of hydrated ethyl alcohol (92.8
°INPM, Instituto Nacional de Pesos ¢ Medidas). The mixture
was stirred every 12 hours and, after 48 hours of preparation,
the extract was filtered and stored.

To prepare the pyroligneous acid with pepper and garlic
(PEPG), 300 g of chili pepper fruits (Capsicum frutescens L.)
and 100 g of garlic (Allium sativum L.), were crushed and
diluted in two liters of pyroligneous acid. After triturating in a
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blender for one minute, the extract was placed in a container
and kept in the absence of light for 45 days. After this period,
the solution was filtered and stored.

The silicate clay was obtained from the commercial
product Rocksil®, which contains the elements ALQO,, SiO,,
S, CaO, TiO,, MgO, Fe,0, and PO, in the proportions of
20.56%, 17.43%, 9.82%, 1.31%, 0.34%, 0.18%, 0.16% and
0.10%, respectively. Kaolin (ALSi,O, (OH),) (Protesyl®),
contained SiO,; Al,O, and H,0 in the proportions of 46.6%,
39.5% and 13.9%, respectively.

The neem seed oil contained 10 g azadirachtin®
(NeemAzal™ T/S) and the lime sulfur embodied a density of
32° Baumé, comprising of ventilated sulfur, virgin lime and
water, prepared according to Penteado (2000).

Two control treatments were used, distilled water and
absent of treatments. The treatments and respective doses are
shown in Table 1.

Table 1: Treatments and doses sprayed on coffee IAPAR 59
cv. sprouts for assessments of Leucoptera coffeella oviposition
preference and larval mortality.

Treatments Dose in water (100 mL)

Ethanolic extract of propolis 1mL
Pyroligneous acid + pepper + garlic 2mL
Silicate clay 29
Kaolin 5¢g
Neem seed oil 1mL
Lime sulfur 2mL
Kaolin + Neem seed oil 5g+1mL
Control (Distilled water) 100 mL

Control (Without spraying) -

2.3 No-choice oviposition test and mortality of
Leucoptera coffeella larvae and pupae

Distilled water, neem oil and kaolin + neem oil were
sprayed just once, while propolis treatments; PEPG; silicate
clay; kaolin and lime sulfur were sprayed weekly, with
three repetitions, hoping to induce resistance mechanisms.
For each treatment, 18 coffee sprouts were used (with
about 6 pairs of fully expanded leaves), which were stored
in rectangular cages, with the following dimensions, 80 x
60 x 60 cm (length, width and height, respectively). Each
treatment had its own cage and each sprout was considered
a repetition. The interval between the last spraying and
the release of CLM adults for oviposition was four hours,
releasing 200 moths, with three days after emergence, into
each cage, where they remained for 24 hours. After that,
the number of eggs on the leaves was counted using a
stereomicroscope (Figure 1).
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After the eggs were counted, only 10 eggs per coffee
sprout were sustained. Non-viable and excess eggs were
discarded. The non-viable eggs differed because of their
translucency and UV light (365 to 375 nm) reflection, allowing
their detection and removal with the help of a stereomicroscope.
Each sprout was maintained in polyethylene bags (20 x 10 cm),
with more than 100 perforations, made with an entomological
pin (n° 1), granting gas exchange and avoiding water vapor
congestion. Three days later, daily evaluations on the sprouts
were overseen until every adult emerged, recording the number
of lesions (mines) on the leaves, number of pupae and the
number of adults that emerged (Figure 2). Eighteen replicates
(one coffee sprout) per treatment were used.

2.4 Viability of eggs

Adults (620 total) with three days after emergence
were released into cages (80 x 60 x 60 cm), each containing
coffee sprouts, totaling 80 sprouts. After 16 hours, sprouts
were removed from the cages and the eggs were inspected.
Just five eggs per leaf were kept. Non-viable and excess eggs
were discarded, with the help of a UV light (365 to 375 nm),
as mentioned before.

Plants were sprayed three days after oviposition and, 12
hours later, the coffee sprouts were conditioned in polyethylene
bags, as previously described. Five replicates per treatment
were used. Assessment onset was three days after spraying,
using the same procedures from the previous bioassay.

Figure 1: Procedures used during egg counting in no-choice oviposition test.

Figure 2: Procedures performed during the quantification of lesions (mines), pupae and adults under controlled conditions in no-

choice oviposition test.
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2.5 Mortality test of first and third instars larvae

The same procedures described for the eggs viability
test were used to obtain coffee sprout with lesions (mines).
Lesions with first instar larvae (lesions at the beginning
of formation) and for lesions with third instar caterpillars
(approximately 0.5 cm in diameter) were used. 12 hours
after spraying, the sprouts were isolated in polyethylene
bags, as previously described. Each replicate consisted
of five lesions containing larvae. Five replications per
treatments were used.

In the evaluations, the sprouts were inspected,
recording the number of lesions that remained the same
size, those that progressed to a larger size, and the number
of pupae and adults that emerged. The lesion progression
was observed through their increase in size, measured with
a pachymeter, also, with the presence of a brownish edge
around the lesion, indicating recent tissue consumption
(Figure 3). The larval and accumulative mortality was
recorded.

2.6 Experimental design and statistical analysis

The experiments were conducted in a randomized
block design. Larval and cumulative (larval + pupal) mortality
was analyzed. The data were subjected to homoscedasticity
and normality analysis to verify the assumptions of parametric
analysis. Given the assumptions, analysis of variance was
performed and the means compared using the Scott-Knott test
at 5% significance. When the assumptions were not met, the
Kruskal-Wallis non-parametric test was performed, followed
by Dunn at 5% significance. The analyzes were performed
using the SASM-Agri softwares (Canteri et al., 2001) and
BioEstat 5.0 (Ayres, 2007). Mortality correction using the
Schneider-Orelli formula was not necessary due to the absence
of mortality in control treatments.

3 RESULTS

A broad oviposition reduction was observed in
the treatments sprayed with propolis, PEPG, neem, and
kaolin + neem oil (1.1; 2.7; 3.6 and 2.7 eggs plant?,
respectively) when compared to witness sprouts, sprayed
with water and no treatment (38.0 and 35.2 eggs plant?,
respectively) (Table 2), resulting in reductions of at least
89%. In the sprouts treated with kaolin and lime sulfur,
an intermediate number of eggs (12.9 eggs plant?) were
registered (reduction of about 60%).

The adults released in the cages with coffee
sprouts, treated with ethanolic propolis extract, were
mostly located on the walls of the cages with little to no
movement, which suggests a repellent effect. In the cages
with sprouts that received other treatments, movement and
flight of the moths were verified close to the coffee leaves.
When resting, they remained hidden in the leaves’ abaxial
surface.

Treatments with neem oil alone or associated
with kaolin, caused 98.6% and 79.0% larvae mortality,
respectively, which indicates a residual effect of neem, from
the applications carried out before the oviposition of the L.
coffeella (Table 2). This mortality was higher than observed
in other treatments, especially treatments with propolis,
water and with no treatment. Accumulated mortality (egg
unto adult), was higher for neem oil and kaolin + neem oil
treatments. Intermediate accumulated mortality was observed
for PEPG treatment.

3.1 Viability of eggs after spraying

The treatments with neem oil, lime sulfur, kaolin + oil
and neem reduced the viability of the eggs by 46.4%, 37.6%
and 30.4%, respectively. In other treatments, no reduction in
viability was observed (Table 3).

Figure 3: Coffee sprout in perforated polyethylene bags (A), coffee leaf with lesion (B), lesion detail (C), lesion that progressed,
with brownish border, indicating freshly consumed tissue (D). Yellow lines indicate scale.
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Spraying with neem oil alone or associated with
kaolin did not allow the emergence of adults (100% of
accumulated mortality). Lime sulfur, on the other hand,
caused 60% of accumulated mortality. The other treatments,
although preventing the development of eggs, caused

mortalities lower than 18% (Table 3).

3.3 Mortality of first and third instar larvae

Spraying neem oil on lesions containing L. coffeella
caterpillars of the first or third instars, resulted in 98.4% and

81.6% mortality, respectively. The treatment with kaolin and
neem oil, resulted in a reduced mortality (48.8% for the first and
20% for the third instar). On the other hand, this combination had
a sub-lethal effect on the cycle of the L. coffeella and prevented
the emergence of 95.2% to 100% of adults, similar to the
isolated application of neem oil (Table 4). With the exception of
ethanolic propolis extract treatment and the witnesses (untreated
sprouts), which did not cause mortality, all other treatments
resulted in the death of L. coffeella, although, less than 20%,
even for the accumulated larvae to adults (Table 4).

Table 2: Number of eggs per plant, larval and accumulated mortality (mean + SE) of L. coffeella, in coffee sprouts treated before

oviposition.
Mortality (%)
Treatments Number of eggs plant?

Larvae Egg-adult (accumulated)
Ethanolic extract of propolis 11 +0.6 d?! 0.0 +0.0 d 0.0 +0,0 b
Pyroligneous acid + pepper + garlic 2.7 +0.9 cd 14.4 +4.8 bed 32.0 +13.6 ab
Silicate clay 21.9 +35 ab 2.2 +13 d 2.2 +13 b
Kaolin 12.9 +3.0 bc 7.6 +54 d 7.6 +54 b
Neem seed oil 3.6 +11 cd 98.6 +14 a 98.6 +14 a
Lime sulfur 12.9 +31 bc 9.6 +4.1 d 9.6 4.1 b
Kaolin + Neem seed oil 2.7 +0.9 cd 79.0 +12.2 bc 100.0 +0.0 a
Control (Distilled water) 38.0 +25 a 0.0 +0.0 d 2.2 +1,3 b
Control (No treatment) 35.2 +5.8 ab 0.0 +0.0 d 0.0 +0.0 b

p-valor <0.01 <0.01 <0.01

! Means followed by the same letter, in the column, do not differ by the Kruskal-Wallis test followed by Dunn at 5 % significance.

Table 3: Viability of eggs and accumulated mortality (from egg to adult) (mean + SE) of L. coffeella, in coffee sprouts treated after

oviposition.
Treatments - :
Viability of eggs Egg-adult mortality (Accumulated)

Ethanolic extract of propolis 0.0 +0.0 ct 2.4 +1.6 e
Pyroligneous acid + pepper + garlic 0.8 +0.8 c 0.8 +0.8 e
Silicate clay 0.0 +0.0 c 17.6 +3.2 c
Kaolin 0.0 +0.0 c 8.0 +21 d
Neem seed oil 46.4 +4.38 a 100.0 +0.0 a
Lime sulfur 37.6 +3.7 b 60.0 +33 b
Kaolin + Neem seed oil 304 +4.1 b 100.0 +0.0 a
Control (Distilled water) 0.0 +0.0 c 0.0 +0.0 e
Control (No treatment) 0.0 +0.0 c 0.0 +0.0 e

C.V. (%) 6.26 6.23

p-valor <0.01 <0.01

! Means followed by the same letter, in the column, do not differ by the Scott-Knott at 5 % significance.
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Table 4: Mortality of first and third instar larvae and accumulated mortality of L. coffeella from larvae to adult (mean + SE) in coffee

sprouts treated after lesion formation.

Mortality (%)

Treatments . . Larvae to adult . . Larvae to adult
1st instar caterpillars (accumulated) 3rd instar caterpillar (accumulated)
Ethanolic extract of propolis 6.4 +16 ct 7.2 +2.3 c 0.0 +0.0 c 0.0 +0.0 c
Pyroligneous acid +pepper+ ;5 415 ¢ 168 +29 b 16 09 ¢ 16 09 ¢
garlic
Silicate clay 8.8 +35 c 104 +46 o 2.4 +0.9 c 24 +0.9 c
Kaolin 8.0 17 c 8.0 +25 c 7.2 14 c 7.2 14 c
Neem seed oil 984 x09 a 984 x09 a 816 £29 a 985 10 a
Lime sulfur 5.6 29 c 104 +27 c 112 *46 b 112 =46 b
Kaolin + Neem seed oil 488 £38 b 100.0 *0.0 a 200 £8.2 b 952 14 a
Control (Distilled water) 0.0 +0.0 d 0.0 +0.0 d 0.0 +0.0 c 0.0 +0.0 c
Control (No treatment) 0.0 +0.0 d 0.0 +0.0 d 0.0 +0.0 c 0.0 +0.0 c
C.V. (%) 5.90 7.00 8.80 5.30
p-valor <0.01 <0.01 <0.01 <0.01

! Means followed by the same letter, in the column, do not differ by the Scott-Knott at 5% significance.

4 DISCUSSION

The reduction of CLM oviposition with propolis
extract, may be caused by its composition (alcohols, phenols
and esters) (Bankova; de Castro; Marcucci, 2000) and also due
to the mechanical effect, because of the adhesiveness of the
wax and resin present in the propolis (Cirasino; Pisati; Fasani,
1987). These traits represent a repellent or deterrent effect on
the oviposition. In the cages in which plants were treated with
propolis, insects in general, demonstrated reduced movements
and were located in the cage walls.

The “anesthetic” effect on insects provided by the
ethanolic propolis extract was also previously observed on
Tenebrio molitor L. (Coleoptera: Tenebrionidae) larvae and
adults (Garedew et al., 2002). Also, for the green aphid, Myzus
persicae Sulzer (Hemiptera: Aphididae), repellency from
the propolis extract was verified (Rocha; Santos; Golcalves-
Gervério, 2017). For the Varroa destructor Anderson &
Trueman (Acari: Varroidae), the same previous effect was
observed (Damiani et al., 2010). This agrees with the nature of
propolis’ role in the bee nests where it may repel insects that
could eventually invade the colony (Boongird, 2010) as seen
previously against the predatory ants of the genus Oecophylla
(Duangphakdee et al., 2009).

The PEPG spraying reduced the oviposition of the L.
coffeella. Repelent effects of pyroligneous acid against the
oviposition of the whitefly, Bemisia tabaci Gennadius biotype
B (Hemiptera: Aleyrodidae), was also found on melon plants
(Azevedo et al., 2005). Repellency and insecticide effects on
aphids, scale insects, thrips, etc., have also been reported (Botti
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et al., 2015; Gomes et al., 2017; Santos et al., 1988). Garlic
also has a wide action spectrum for repellency and negative
effects against insects and mites (Attia et al., 2012; Fening et
al., 2013; Hata et al., 2020; Mobki et al., 2014).

The neem oil treatment affected the oviposition
behavior of the L. coffeella, possibly due to the ability of
the lepidopterans to identify harmful allelochemicals, such
as azadirachtin, through tarsal chemoreceptors (Blaney;
Simmonds, 1990), which are involved in the selection of the
oviposition site. Previously, neem extracts also reduced the
oviposition of other species of lepidoptera such as Spodoptera
littoralis Boisduval (Lepidoptera: Noctuidae) (Martinez; Van
Emden, 2001); Eiras vitella Fab. (Lepidoptera: Noctuidae)
(Gajmeretal., 2002) and Plutella xylostella L. (Chandramohan;
Nanja, 1992; Verkerk; Wright, 1993).

Reductions of more than 50% for CLM oviposition in
tests with or no choice using treated neem oil sprouts were
previously reported (Martinez; Meneguim 2003). However, in
another study, no differences were found Venzon et al. (2005).
This inconsistency in results is probably due to the differing
concentrations of active components, such as the azadirachtin.

A complex of stimuli and responses are involved in
the choice of the insect towards the host plant for oviposition,
due to its sensory system, which has receptors capable of
recognizing the metabolites produced by the plants (Stadler;
Reifenrath, 2009). This recognition may increase or even
reduce oviposition Fanela et al. (2020).

The mixture kaolin + neem oil also reduced the CLM
oviposition, due to, neem presence, as kaolin results were
similar to control. These findings did not correspond to results
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obtained previously by using kaolin for Zabrotes subfasciatus
Boh. (Coleoptera: Bruchidae), when kaolin reduced oviposition
and modified female behavior (eggs were laid on the walls of
the flasks and not on the seeds) (Mikami et al., 2010).

Although every egg generated larvae in the no choice
experiment, plants treated with neem oil resulted in larvae
mortality, thus preventing the formation of adults. Previously,
emergence of CLM adults was also hindered due to mortality
of larvae and pupae (Fanela et al. 2020). Plant chemicals in
neem oil, such as azadirachtin, are reported to have a systemic
and translaminar action on plants (Coelho Junior; Deschamps,
2014), which may have fostered the low CLM emergence of
L. coffeella adults in treatments containing neem oil, applied
before oviposition. Previously, the translaminar effect of
neem oil on bean leaves caused a large mortality of larvae,
diminishing pupae formation and, at higher concentrations,
prevented the emergence of Liriomyza huidobrensis
(Blanchard) adults (Weintraub; Horowitz, 1997).

The ovicidal action of the lime sulfur may be a result
of the hydrogen sulphide gas (H.S), which is the element that
causes a toxic effect on insects, mites and fungi (Abbott et
al., 1945) and also could be the colloidal sulfur formed when
applied on the plant’s surface. Similar effects were reported
by using this treatment to manage the red mite Oligonychus
ilicis McGregor (Acari: Tetranychidae) on coffee (Tuelher et
al., 2014); and the grapevine scale Parthenolecanium persicae
Fabricius (Hemiptera: Coccidae) (Afonso et al., 2007).

Spraying neem oil and the mixture kaolin + neem oil at 1%
on the eggs, reduced eggs viability by 46% and 37%, respectively.
This ovicidal action of neem oil was previously observed, at
0.12% and 0.25% (viability reduction of 48 and 52%); and at
1.25% and 2.5% (71.5%) (Martinez; Meneguim 2003). Besides
ovicidal action, the residual effect is long enough to prevent the
first ecdysis of hatched larvae (Venzon et al., 2005).

For the survival test on 3rd instar caterpillar, just neem
oil and kaolin + neem oil caused mortality equal or above
20% and, as consequence, reduction of more than 95% of
emerging adults (Table 4). Similar results were also previously
reported when testing neem oil in the concentrations of 0.025
to 0.1g azadirachtin L (Venzon et al., 2005). These authors
highlighted the penetration of the active components into
the leaves, paralyzing CLM development and preventing the
emergence of adults.

The use of neem oil in an integrated pest management
program should be carried out carefully. Studies show that
depending on the natural enemy, the neem oil exposition
caused a significant mortality of Chrysoperla externa Hagen
(Souza et al., 2020), but for Proprioseiopsis neotropicus Ehara
(Acari: Phytoseiidae) and Phytoseiulus macropilis Banks
(Acari: Phytoseiidae) the neem oil was selective (Veronez;
Sato; Nicastro, 2012; Silva et al., 2013).

5 CONCLUSIONS

The treatments neem oil, kaolin + neem oil, ethanolic
propolis extract and pyroligneous acid + pepper + garlic
reduced the oviposition of L. coffeella in coffee sprouts, under
controlled conditions in no choice tests.

Ovicidal activity was obtained through spraying neem
oil on eggs, which also caused total mortality of hatched larvae.

Neem oil, sprayed on mines, caused high mortality of
larvae in the first and third instar of the L. coffeella. The mixture
of kaolin + neem oil prevented the emergence of adults.

The addition of kaolin to neem oil delays the toxic
action of neem when applied to eggs or larvae inside the mines.
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