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Abstract. Ocimum basilicum L. (Lamiaceae) is one of the most popular herbs in the world, given its aromatic, medicinal and insecticidal properties.
Its leaves are rich in essential oils, as well as the plant part with the highest economic value in this species. The aims of the current study are
to identify the causative agent of injuries observed in sweet basil plants grown in Seropédica County, RJ (Brazil), as well as to feature both their
feeding behavior and injuries caused by them. The herein investigated injuries were caused in sweet basil stems and leaves by caterpillars,
which were collected with the leaves and grown in laboratory until they reached the adult stage. Two lepidopteran species belonging to family
Crambidae were identified, namely: Hyalorista opalizalis (Guenée, 1854) and Pyrausta phoenicealis (Hibner, 1818); approximately 73% of adult
individuals obtained in laboratory belonged to the first species. Caterpillars belonging to both species have caused similar injuries to O. basilicum
plants. Injuries were featured by the sectioning of stems whose leaves were bundled with silk threads and formed a shelter, where caterpillars ate

the leaf limb in. The current study also recorded O. basilicum plants used as hosts by P. phoenicealis insects, for the first time.
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The genus Ocimum L. (Lamiaceae) comprises a group of aromatic
plants of paramount importance worldwide. Among them, one finds
sweet basil (Ocimum basilicum L.), which is native to tropical and
subtropical regions in Africa, central and southern American and Asia,
although it is grown in different countries in commercial and domestic
gardens and its leaves are most used by the perfumery and cosmetics
industries, aromatherapy products’ manufacturing or for medicinal
and cooking purposes, a fact that features them as functional food
(Shahrajabian et al. 2020).

Sweet basil leaf extracts also have metabolites with insecticidal
activity, and it enables using them as insect repellent (Koech 2018;
Naveen et al. 2021). Despite its insecticidal activity, sweet basil grown in
some regions worldwide can be injured by insects belonging to orders
Coleoptera, Hemiptera, Lepidoptera, Orthoptera and Thysanoptera
(Olson & Bidlack 1997; Meek & Bidlack 2005; Shahrajabian et al. 2020).

Regarding to Lepidoptera, Olson & Bidlack (1997) and Meek &
Bidlack (2005) cited that defoliating caterpillar belonging to families
Arctiidae, Geometridae and Noctuidae can cause severe damage
to sweet basil; however, they did not identify the species. However,
sweet basil is a host plant for some noctuid species: Autoplusia egena
(Guenée, 1852) (Specht et al. 2004), Argyrogramma verruca (Fabricius,
1794), Trichoplusia ni (Hibner, 1803) (Heppner et al. 2007), Rachiplusia
nu (Guenée, 1852) (Luz et al. 2014), Spodoptera cosmioides (Walker,
1858) (Pires et al. 2014), Chrysodeixis chalcites (Esper, 1789) (Robinson
et al. 2010), Chrysodeixis includens (Walker, [1858]) (Specht et al.
2015) and Spodoptera frugiperda (J. E. Smith, 1797) (Montezano et al.
2018). Other lepidopteran families are also associated with sweet basil:
Lycaenidae [e.g., Strymon bazochii (Godart, 1822)] and Pterophoridae
[e.g., Stenoptilodes taprobanes (Felder & Rogenhofer, 1875)] (Robinson
et al. 2010).

The aims of the present study were to record the incidence of
caterpillars (Lepidoptera) attacking sweet basil (O. basilicum) plants
grown in Seropédica County, RJ (Brazil), as well as to feature both their
feeding behavior and injuries caused by them.
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Sweet basil plants were observed from March 17* to May 17*
2019, in order to investigate the incidence of the following symptoms:
sectioned stems presenting their apical part hanging, as well as leaves
partly consumedand bundled with silkthreads. These plants were grown
in home garden beds kept by dwellers in the residential neighborhood
of Federal Rural University of Rio de Janeiro (UFRRJ), Seropédica County,
RJ (Brazil) (latitude: 22°44’38” S, longitude: 43°42’28” W; altitude: 26
meters). According to the Képpen'’s classification, the climate in the
region is classified as Aw; the rainy season is in Summer, and accounts
for mean accumulated rainfall rate of approximately 380 mm; the dry
season is in Winter, and accounts for mean accumulated rainfall rate of
approximately 88 mm — mean temperature ranges from 26°C to 28°Cin
Summer and from 21°C to 24°C in Winter.

Thirty-three (33) symptomatic stems with leaves were collected
and taken to the laboratory of the Integrated Pest Management Center
of the Entomology and Phytopathology Department at UFRRJ to
investigate the causative agent of these symptoms. They were placed
in transparent 250-mL plastic pots sealed with transparent plastic lid
(Fig. 1A), which was perforated with a fine-tipped needle to allow
aeration. Each stem was attached to a hole on the pot lid, so that leaves
hung inside the pot to simulate their condition in the field. A damp
cotton swab was placed at the tip of the stem on the opposite side of
the lid to remain leaf turgidity. Pots were remained under controlled
environmental conditions (temperature = 25°C + 12C, RH = 70% and
12-hour photoperiod) and observed every 12 hours - when insect feces
fallen to the bottom of the pot (Fig. 1A) were removed; sometimes,
caterpillars walking inside some pots were also observed (Fig. 1B).

Caterpillars ready to pupate (approximately 12.0 + 0.83 mm long)
choose some point closer to the bottom of the pot (Fig. 1B) and started
to weave silk threads to build a pupation chamber, which was overall
finished 24 hours later. Leaves were manually separated after feces
stopped falling and caterpillars did not leave them to build the pupal
chamber, to enable observing the incidence of pupae. Once pupae were
found, the stem was removed and the hole in the lid was sealed with
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transparent adhesive tape. Emerged adult individuals were euthanized,
mounted on entomological pins and sent to Uiragu Institute (Camacan,
BA, Brazil) for species identification by Dr. Vitor Osmar Becker (moth
taxonomist).

Figure 1. Conditioned stem piece with some Ocimum basilicum leaves bundled
with silk threads (white arrow). Stem arrangement in the pot, with emphasis
on feces at the bottom of it (A). Caterpillar who left the leaves bundled with
silk thread (B).

Two species belonging to subfamily Pyraustinae, family Crambidae
(Lepidoptera) were identified, namely: Hyalorista opalizalis (Guenée,
1854) (Figs. 2A, 2B) and Pyrausta phoenicealis (Hibner, 1818) (Figs.
2C, 2D). There was 100% of larvae and pupae viability, as well as the
emergence of 33 adultindividuals (one individual per pot). This outcome
has indicated that each shelter was occupied by a single caterpillar. In
total, 24 adult individuals belonged to species H. opalizalis and 9 adults
belonged to species P. phoenicealis - caterpillars belonging to both
species have caused similar injuries in the investigated plant species.

T ~

Figure 2. Hyalorista opalizalis: Adult (scale in millimeters) (A), Larva (B); Pyrausta
phoenicealis: Adult (scale in millimeters) (C), Larva (D).

Eighteen (18) H. opalizalis larvae pupated outside the shelter,
whereas six larvae pupated wrapped by leaves and webs (Fig. 3A). All P.
phoenicealis larvae pupated out of the shelter. The mean pupal phase
time was 11.0 £ 0.41 days and 10.5 + 0.51 days for H. opalizalis (Fig. 3B)
and P. phoenicealis, respectively.

Injuries caused by larvae were featured by stem sectioning in the
apical part of plants (Fig. 4A). In addition, the upper part of sectioned
stems was hanging with its leaves attached to it (Figs. 4A, 4B). These

leaves were bundled with silk threads produced by larvae to form a
shelter (Fig. 4C). Larvae protected themselves inside the shelter and
initially fed on the leaf blade of the adaxial part of plants. Subsequently,
the leaf blade was partly or fully consumed, and it exposed the silk
threads keeping leaves together and, sometimes, feces on them (Fig.
4C). Leaves withered and finally dried overtime, but they remained
attached to the sectioned stems that did not emit new leaves.

Figure 3. Ocimum basilicum leaf presenting Hyalorista opalizalis pupa (red
arrow) amid silk threads (A). Hyalorista opalizalis pupa (scale in millimeters)
partly coated with unidentified material mixed with silk threads (B).

Figure 4. Injuries caused by caterpillar species Hyalorista opalizalis in Ocimum
basilicum stems and leaves. Sectioned middle stem and two side stems
sectioned further below presenting consumed leaves hanging from them and
bundled with silk threads (A). Withered leaves hanging from the sectioned
stem (sectioning region shown by red arrow) (B). Leaves with consumed limbs
bundled with silk threads and presenting feces (C).
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Pyrausta phoenicealis larvae observed in Seki County, Gifu
Province (Japan), were reported to build shelters by wrapping
Dicerandra frutescens Shinners (Lamiaceae) leaves and bundling them
with silk threads, known as “perilla leaf roller” (Choi et al. 2008).
The construction of leafy shelters by caterpillars belonging to family
Crambidae was reported in two other species, namely: Syngamia
abruptalis Walker, 1859 and Herpetogramma theseusalis (Walker,
1859). In Thailand, S. abruptalis larvae known as ‘Ocimum leaf folders’
build shelters by wrapping leaves of several species belonging to family
Lamiaceae, such as O. basilicum; they feed on leaves and pupate inside
the shelters (Tigvattnanont 1990). In Maine (USA), H. theseusalis
larvae were reported to feed on fern leaves (e.g., Onoclea sensibilis L.,
Dryopteridaceae) inside shelters built with them, which were rolled up
and secured with silk threads (LoPresti & Morse 2013).

Hyalorista opalizalis was described as Rhodaria opalizalis, based on
four adult individuals (two male and two female specimens) collected
in Brazil by Achille Guenée in 1854, who did not mention the host plant
or the precise collection place location (Guenée 1854; Munroe 1995).
Only in the 20th century, Costa Lima (1950) reported that H. opalizalis
larvae [such as Phlyctaenia (= Pionea) opalizalis (Guenée, 1854)] attack
Lamiaceae in Brazil, mainly basil plants (Ocimum sp.) in Rio de Janeiro,
as well as marjoram plants in Belo Horizonte, MG. Robinson et al. (2010)
have mentioned O. basilicum and Origanum majorana (Lamiaceae) as
host plants for H. opalizalis (such as H. opalisalis) in Brazil; however,
they did not report the information source. These authors also cited
Udea rubigalis (Guenée, 1854) associated with O. basilicum as its host
plant.

Pyrausta phoenicealis is widely distributed worldwide, with
emphasis on the Americas, Africa, Australia and Asia (Pastrana 2004;
Robinson et al. 2010; Poltavsky et al. 2018). Walker (1859) was the
first to record the incidence of this species in Brazil (Rio de Janeiro),
although he referred to it by its synonym Rhodaria probalis Walker,
1859. Plant species deriving from eight families were recorded as
P. phoenicealis hosts, namely: Asteraceae, Fabaceae, Lamiaceae,
Malvaceae, Nyctaginaceae, Poaceae, Rosaceae and Sapindaceae
(Pastrana 2004; Robinson et al. 2010; Poltavsky et al. 2018). Nephelium
malaiense Griff. (Sapindaceae), Pseudelephantopus spicatus (Juss.
ex Aubl.) Rohr (Asteraceae), Stylosanthes erecta P.Beauv. (Fabaceae)
and other nine species belonging to family Lamiaceae (D. frutescens,
Hyptis brevipes Poit, Hyptis capitata Jacq., Hyptis pectinata (L.) Poit.,
Mentha arvensis L., Ocimum sanctum L., Perilla frutescens (L.) Britton,
Plectranthus rotundifolius (Poir.) Spreng and Rosmarinus officinalis L.)
are host of P. phoenicealis (Choi et al. 2008; Robinson et al. 2010). In
Japan, P. phoenicealis is considered a pest to D. frutescens, whose buds
are damaged by larvae that, in extreme cases, can cut off the main
branch of plants (Choi et al. 2008). Syngamia abruptalis was reported
as pest to different basil species grown in Thailand (Tigvattnanont
1990).

As P. phoenicealis can be categorized as generalist herbivore, its
larva can be benefited from mixing foods to improve balanced nutrient
intake or reduced exposure to toxic secondary metabolites (Wang et
al. 2017) and take advantage over H. opalizalis, which seems to be
specialized on Lamiaceae, based on the results of the present study
combined with aforementioned records of host plants. However,
Bernays & Minkenberg (1997) found that a mixture of different host
plants typically does not benefit the performance (survivorship, gain
in mass and fecundity) of individual larvae compared to a single food.

In addition, H. opalizalis was more abundant than P. phoenicealis
on O. basilicum in the present study. This result corroborates with
Braga & Diniz (2015), who observed that, in general, larvae of specialist
folivorous lepidopteran were present at higher densities on a single
specific host plants (Roupala montana Aubl.) than generalist ones.
However, as pointed out by these authors, many factors (e.g., profile
and variation on concentration of secondary metabolites at temporal
and spatial scales) may explain the abundance pattern of the specialized
vs. generalist insects.

Thus, further studies should be conducted to investigate the
potential of H. opalizalis and P. phoenicealis to become a pest of the
sweet basil crop in Brazil, such as those that assess the biological

parameters and degrees of specialization or polyphagia of these
noctuid species at the population, community, and individual levels
(Braga & Diniz 2015).

To our knowledge, the current study recorded, for the first time, O.
basilicum plants used as host by P. phoenicealis and it has contributed
to expand the species’ host series. It has also featured, for the first
time, the feeding behavior of, and injuries caused by, caterpillar species
H. opalizalis and P. phoenicealis that, after sectioning the stem of O.
basilicum plants, build shelters with leaves grown in the sectioned
stem and eat the leaf blade from within the shelter.
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