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Abstract

The American grapevine moth (AGVM), Lasiothyris luminosa (Razowski & Becker) (Lepidoptera: Tortricidae), was recently
registered as a new pest for table grapes in the Northeast region of Brazil. In the present study, two approaches were made aiming
to aid information to support management strategies for the new pest control: (i) study AGVM biology in the laboratory and its
population dynamics in the field and (ii) evaluate Trichogramma pretiosum Riley as a potential biological control method against
L. luminosa. The AGVM population dynamics showed a similar trend in the three grapevine monitored vineyards. The larvae
started occurring at 30 days after pruning (DAP), pre-bloom stage, with a peak population between 54 and 78 DAP, following a
decrease until harvest. The AGVM females larva, pupa, and egg-adult period were longer than males. The egg-adult period was
42.1 and 45.2 days for male and females, respectively. Trichogramma pretiosum was able to parasitize L. luminosa eggs. The
T. pretiosum egg-adult period was 10.2 days with a 98.5% pupa survivorship at 25 °C. The release of 7. pretiosum in the
vineyards resulted in 65.5 to 73.2% AGVM egg parasitism. Our findings bring the first biological and population dynamics
information for L. luminosa, which can help developing efficient approaches to monitor and control the pest in grapevines. The

release of T. pretiosum in the vineyard is a potential biological control option to AGVM.
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Introduction

The American grapevine moth (AGVM), Lasiothyris
luminosa (Razowski & Becker) (Lepidoptera: Tortricidae),
was recently registered as a new pest for table grapes in the
Northeast region of Brazil (Costa-Lima et al. 2016). The spe-
cies status was confirmed, and the damage caused by the lar-
val stage has been well characterized in grapevines from the
flower bud formation to the ripening berry stage close to har-
vest. The study has also described the difficulty to control the
pest, considering the larva endophagous feeding habit,
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penetrating in the plant structures and, consequently, resulting
in low exposure to insecticides. This study reported for the
first time L. luminosa as a pest. A previous taxonomic study
reported the microlepidoptera occurrence in Santa Catarina
State, Southern region of Brazil, which was based on an adult
male of the species Saphenista luminosa (Razowski and
Becker 1983). Later, a taxonomic revision transferred the spe-
cies to the genus Lasiothyris (Razowski and Becker 1993).
Other Tortricidae species with similar feeding habit to the
AGVM have also been reported as key grapevine pests in
other countries, such as Lobesia botrana (Den. & Schiff)),
Eupoecilia ambiguella (Hubn.), and Paralobesia viteana
(Loeb et al. 2011; Ioriatti et al. 2012; Thiéry et al. 2018).

In 2017, L. luminosa was included in the European and
Mediterranean Plant Protection Organization alert list (EPPO
2017). In 2019, Argentina, Uruguay, and Paraguay imposed
phytosanitary restrictions to imported grapes from Brazil due
to L. luminosa (MERCOSUL 2019). In Brazil, the Sao
Francisco Valley is responsible for about 99% of the exported
table grapes (Bustamante 2009). In this region, the damage
caused by the AGVM achieved U$5150/ha (Costa-Lima et al.
2016). Accordingly, Daane et al. (2018) have shown that
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viticulture sustainability has been affected by many arthro-
pods pests’ invasions and, generally, the chemical control is
initially adopted for short-term response. However, the au-
thors highlight the importance to develop more effective and
sustainable control strategies, which can be achieved by
obtaining information for the pest species in the region.

In integrated pest management (IPM) programs, biological
control is an underlying pillar (Naranjo et al. 2015). In the last
decades, this control strategy has increased due to the devel-
opment of biocontrol companies (Le Hesran et al. 2019),
which has also happened in Brazil. Within the commercial
biocontrol agents in Brazil, the egg parasitoids
Trichogramma galloi Zucchi and Trichogramma pretiosum
Riley (Hymenoptera: Trichogrammatidae) are currently an
option for different Lepidoptera pest control (Parra and
Coelho 2019). In other countries, Trichogramma evanescens
(Westwood), Trichogramma cacaeciae Marchal, and
Trichogramma minutum Riley showed positive results on
controlling Lepidoptera pests in grapevines (Hommay et al.
2002; Nagarkatti et al. 2003; El-Wakeil et al. 2009).

Considering the economic importance of table grape pro-
duction and the potential losses caused by L. luminosa, studies
are required to obtain biological and population dynamics
information that can be used to develop efficient pest manage-
ment strategies. The objectives of this study were to (i) char-
acterize the pest biology in the laboratory and its population
dynamics in the field and (ii) evaluate 7. pretiosum as a po-
tential biological control method against L. luminosa.

Material and methods
Population dynamics

In order to understand the AGVM larvae occurrence during
the vineyard phenology, three 5 ha Vitis vinifera L. table
grapes fields were followed. The samplings were taken from
January to April, February to May, and March to June, in
2016, in vineyards A, B, and C, respectively. The experiments
were carried out in a commercial table grape farm, in Lagoa
Grande, Pernambuco, Brazil. The farm pruned the plants in
staggered dates to establish a continuous grape harvest. Thus,
each 5-ha vineyard used in the studies had a different pruning
date. Weekly sampling was performed starting at 23 until 114
days after pruning (DAP). At each sampling date, 12 repro-
ductive structures (inflorescence or grape bunches) were de-
tached from the plant and allocated in paper bags. The first
phenological stage sampled was the initial inflorescence (pre-
bloom) and continued until the formation of mature grape
bunches. The samplings were randomly made within the
vineyards. In the laboratory, the vegetal structures were exam-
ined under stereomicroscope (X 80) and number of

L. luminosa larvae was counted. Each inflorescence or grape
bunch was considered a repetition.

Biology

In order to study the L. luminosa biology, assays were accom-
plished to find the grape berry stage that could complete the
larval stage without interfering in the survivorship. Grape
berries with 50 DAP (var. Sweet Jubilee) were chosen for
the study. The adults were kept in cylindrical cages (10 cm
diameter and 12 cm high) with fine mesh covering the top and
a Petri dish at the bottom. A grape bunch was cut with eight
berries and put on the Petri dish inside the cage. A 10% honey
bee solution was offered as diet for the adults. After 12 h, the
berries were removed to observe the egg presence under ste-
reomicroscope (x 80). A single berry with one egg was iso-
lated in a plastic recipient (9 cm diameter and 6 cm high)
containing a fine mesh cover. Considering that AGVM larvae
can migrate to other berries, three undamaged berries were
added to the recipient. When more than one egg was found
per berry, an entomologic pin was used to remove the others.
The insect stage and mortality were daily observed. Once a
week, three new berries were added and the rotten ones
discarded. The whole study was conducted in climatic cham-
bers at 25 °C (£1 °C), with 60% (x15%) relative air humidity
and 12 h photophase. Each recipient with one L. luminosa was
considered a repetition (n = 32).

Biological control

Trichogramma pretiosum were acquired from Koppert
Biological Systems (Brazil), which is commercialized as par-
asitized Anagasta kuehniella (Zeller) eggs inside cardboard
cells. Five berries with approximately 25 L. luminosa eggs,
with less than 24 h, were offered to 1-day-old 7. pretiosum
adults, in a 100-mL Becker covered with plastic film. After 6
h, the grapes with AGVM eggs were removed and isolated in
plastic recipients (9 cm diameter and 6 cm high) covered with
a fine mesh lid. The presence of emerged 7. pretiosum was
evaluated every day. To report the pupae survivorship, the
eggs were examined under stereo microscope (x 100) to quan-
tify the number of blackened eggs with and without exit holes.
Each egg was considered a repetition (n = 95), in a completely
randomized design experiment.

In order to determine if 7. pretiosum would be able to
parasitize L. luminosa eggs in the field, three releases of
200,000 wasps per hectare were made from February to
March 2016. Each parasitoid release was made in a different
5-ha area, in the same commercial farm where the population
dynamics studies were accomplished. Cardboard cells with
T. pretiosum were distributed in 50 points per hectare. The
cells were attached under the steel wire used to conduct the
vineyards. The three fields used in the experiments had 30 to

@ Springer



472

da Costa-Lima et al.

35 DAP. One week after each release, 20 inflorescences were
sampled in each vineyard. In the laboratory, under stereo mi-
croscope (% 100), the number of L. luminosa eggs was counted,
which could be identified by the darker (parasitized) and
yellowish-cream color (viable) on the flower buds (Fig. 1).
The eggs were then collected and isolated to confirm the
T. pretiosum emergence or AGVM larvae eclosion. This was
the first time 7. pretiosum was released in a grapevine vineyard
in the Sao Francisco Valley. Previous to the release, weekly
samples were collected from June 2015 to January 2016, and
no AGVM parasitized eggs were observed. Each inflorescence
or grape bunch was considered a repetition (n = 20).

Statistical analysis

The whole study followed a completely randomized design
and the statistical analysis and graphs were made with R sta-
tistical software (R Core Team 2019). For the population dy-
namic study, a curve was plotted using the ggplot2 package
(Wickham 2016). The geom_smooth function was applied,
where the standard error bounds are computed with the loess
method using a t-based approximation, with a 0.95 confiden-
tial interval. For the L. /luminosa immature stages and egg-
adult period, Kaplan-Meier curves (Kaplan and Meier 1958)
were plotted using the survminer package, and the male and
female curves compared using the log-rank test (p < 0.05).

Results

The L. luminosa population dynamics showed a similar trend
in the three vineyards. The larvae started occurring from 30

Fig. 1 Lasiothyris luminosa
(Razowski & Becker) viable egg
(A) and parasitized egg by
Trichogramma pretiosum Riley
(B) on Vitis vinifera L. flower
buds (eggs indicated by arrow).
Scales bars = 1.5 and 2 mm,
respectively
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DAP, on the pre-bloom stage. The number of larvae per inflo-
rescence or grape bunch increased until 66 to 78 DAP
(vineyards A and B) or until 54 to 66 DAP (vineyard C),
following a decrease, but still present until harvest (Fig. 2).

The AGVM egg stage development time showed no dif-
ference between sexes (p = 0.7). However, for the larva (p <
0.001), pupa (p = 0.0011), and egg-adult period (p = 0.012),
the females had longer stages (Fig. 3). The egg-adult period
was 42.1 £0.75 and 45.2 + 0.35 days for male and females,
respectively. Approximately 70% of the egg-adult period was
represented by the larval stage.

Trichogramma pretiosum females were able to parasitize
L. luminosa eggs. The egg-adult period was 10.2 + 0.03 days
with a 98.5 + 0.29% pupa survivorship at 25 °C. With the
T. pretiosum release in the fields, it was possible to detect
parasitized AGVM eggs in the three vineyards of the study.
The parasitism incidence ranged from 65.5 to 75.7%
(Table 1).

Discussion

The peak of L. luminosa occurrence was in the initial berry
ripening stage (65 to 85 DAP), before the berries start soften-
ing. However, it was possible to start detecting larvae since the
pre-bloom stage until harvest. As observed by Costa-Lima
et al. (2016), the larvae always penetrated the grapevine re-
productive structures, behavior that reduces the efficiency of
possible control approaches in this stage. These findings sug-
gest that growers should start monitoring the pest in the pre-
bloom stage. These results were similar in all three monitored
vineyards, showing that the pre-bloom stage should also be




Biology and Population Dynamics of the American Vine Moth and the Potential Biocontrol with...

473

Fig. 2 Lasiothyris luminosa

(Razowski & Becker) mean 4-
larvae per inflorescence or grape
bunch during grapevine (Vitis
vinifera L.) reproductive cycle, in
three different vineyards
monitored in 2016 from January
to April (A), February to May (B),
and March to June (C) in the Sao
Francisco Valley, Pernambuco,
Brazil. The shaded areas corre-
spond to the standard error
bounds computed by the loess
method with a 0.95 confidence 4-
interval

IS

Mean larvae number
p=) ~

used to initiate control methods to inhibit pest proliferation. In
addition, a more efficient spray coverage is expected on inflo-
rescences and young berries. As observed in a study with
fungicides to control Botrytis cinerea Pers., the spray cover-
age decreased linearly with the cluster size and compactness
increase (Hed et al. 2011). For another grapevine Lepidoptera
pest, Cryptoblabes gnidiella Milliére, similar observation was
made due to the fact that larvae find refuge inside the compact
grape bunches (de Oliveira et al. 2014). Insights to cultural
control methods can also be guided based on the larvae occur-
rence, as to remove the attacked berries and bury under the
ground to interrupt the L. luminosa cycle, same approach
adopted for fruit flies (Chueca et al. 2013).

The lengths of the immature stages and egg-adult period
recorded for L. luminosa were similar to other tortricids spe-
cies, such as Lobesia botrana (Denis and Schiffermiiller)
(Thiéry and Moreau 2005) and Gymnandrosoma aurantiana
(Lima) (Garcia and Parra 1999). The AGVM females egg-

Fig. 3 Lasiothyris luminosa
(Razowski & Becker) survival
curves of egg, larva, pupa, and
egg-adult period for male and fe-
males. The difference between
sexes is showed with the p value
for each stage and egg-adult peri-
od (p < 0.05). The shaded areas
correspond to a 0.95 confidence
interval
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adult period at 25 °C (45.2 days) helps in understanding the
peak population observed in the population dynamics study.
The first generation will infest the flower buds at 30 DAP; 40
days after, a second generation will emerge, coinciding with
the peak population observed in Fig. 2.

The T. pretiosum egg-adult period over L. luminosa was
similar to other hosts, such as Helicoverpa armigera (Hiibner)
(dos Santos Carvalho et al. 2017) and Neoleucinodes
elegantalis (Guenée) (de Oliveira et al. 2017). Our study con-
firmed the T pretiosum capacity to parasitize AGVM eggs in
vineyards in the Northeast region of Brazil. The aim was not
to test control efficiency, but first to determine if 7. pretiosum
could parasitize L. luminosa eggs under laboratory controlled
conditions, as well as if the released parasitoids would be able
to confirm this capacity in the field, at high sunlight incidence
and air temperatures, which are characteristics of the semi-arid
region. Further tests to evaluate the number of parasitoids per
hectare and the release interval are needed. Based on our initial

= Male = Female
Egg Larva
i

p=07 p < 0.0001 ‘

Pupa Egg-adult

-
L
p=0.00011 p=0.012
20 20 40 50 0 10 20 30 40 50
Days

@ Springer



474

da Costa-Lima et al.

Table 1 Lasiothyris luminosa (Razowski & Becker) mean (+ SE) egg
parasitism by Trichogramma pretiosum Riley. Letters refer to three
vineyards with 7. pretiosum release made at 30-35 DAP and with eval-
uation accomplished after 1 week, February—March 2016, Lagoa Grande,
Brazil

Vineyards AGVM egg parasitism by
Trichogramma pretiosum (n)

A 68.7 £9.11% (28)

B 65.5+11.32% (24)

C 73.2 £ 8.95% (36)

results, the table grape farms with L. luminosa occurrence are
releasing 200,000 T pretiosum per hectare per week, starting at
25 DAP. This is the first report of 7. pretiosum use in vineyards.
Other Trichogramma species released in vineyards has also been
cited with positive results on controlling Tortricidae pests, i.e.,
L. botrana, P. viteana, E. ambiguella, and Epiphys potvittana
Walker, such as the following: 7. cacaeciae in Germany
(Castaneda-Samayoa et al. 1993); Trichogramma carverae
Oatman & Pinto in Australia (Glenn and Hoffmann 1997);
T. evanescens in Egypt (El-Wakeil et al. 2009); T. evanescens
and 7. cacaeciae in France (Hommay et al. 2002); and
T. minutum in the USA (Nagarkatti et al. 2003).

Currently, spinetoram is the only insecticide registered to
control L. luminosa in grapevines in Brazil. This product is not
selective to 7. pretiosum (Khan et al. 2015). Field experiments
with T. pretiosum have shown its capacity to parasitize and
persist for at least 3 days (Kazmer and Luck 1995; Coelho
et al. 2016). Similar studies are needed for the parasitoid in
grapevines in the Northeast of Brazil, which will help deter-
mining the interval gap between releasing 7. pretiosum and
spraying spinetoram. While this data is not available, table
grape growers in the Sdo Francisco Valley are maintaining a
3-day interval before and after release, without spraying in-
secticides that are not compatible with the parasitoid.

Our findings bring for the first time biological and popula-
tion dynamics information for L. /luminosa in grapevines pro-
duced in semi-arid conditions. The obtained results will help
in guiding effective approaches to monitor and control this
new pest in the Sdo Francisco Valley, Brazil. In addition,
according to our results, the release of T. pretiosum in the
vineyard showed potential as a biological control approach
to the AGVM management.
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