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Insecticidal activity of lemongrass essential oil and its major compounds on velvet caterpillar
Camila Bonatto Vicengo® =/, Wendel Silvestre?” ', Gabriel Fernandes Pauletti?

Abstract - The present work aimed to evaluate the insecticidal activity of Cymbopogon citratus essential oil
and its major compounds (citral and myrcene) on Anticarsia gemmatalis. The essential oil, citral, myrcene, and
a mixture of citral and myrcene were tested at the concentrations of 0.1, 0.3, 0.5, 0.7, and 0.9 % v/v, plus two
negative controls (distilled water and Tween-80® 0.5 % v/v) and a positive control (novaluron 0.075 % wi/v).
Insect mortality was evaluated in 24, 48, 72, and 96 h. According to the results, C. citratus essential oil and the
citral-myrcene mixture at 0.9 % v/v were effective in the control of A. gemmatalis, with 96 % and 88 %
mortality, respectively, in the first 24 h. At this concentration, citral caused 100 % mortality after 72 h, whereas
myrcene had no effect on the caterpillars even after 96 h of exposure. Thus, C. citratus essential oil can be a
potential option for the alternative control of A. gemmatalis.
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Atividade inseticida do 6leo essencial de capim liméo e seus compostos majoritarios sobre a lagarta-da-
soja

Resumo - O presente trabalho teve como objetivo avaliar a atividade inseticida do 6leo essencial de
Cymbopogon citratus e de seus compostos majoritarios (citral e mirceno) sobre Anticarsia gemmatalis. O éleo
essencial, citral, mirceno e uma mistura de citral e mirceno foram testados nas concentracées de 0,1, 0,3, 0,5,
0,7 e 0,9 % v/v, mais dois controles negativos (agua destilada e Tween-80® 0,5 % v/v) e um controle positivo
(novaluron 0,075 % m/v). A mortalidade dos insetos foi avaliada em 24, 48, 72 e 96 h. De acordo com 0s
resultados, o Oleo essencial de C. citratus e a mistura de citral-mirceno a 0,9 % v/v foram eficazes no controle
de A. gemmatalis, com mortalidade de 96 % e 88 %, respectivamente, nas primeiras 24 h. Nesta concentracdo,
o citral causou 100 % de mortalidade ap6s 72 h, enquanto o mirceno ndo teve efeito nas lagartas mesmo apés
96 h de exposicdo. Assim, o 0leo essencial de C. citratus pode ser uma opcdo potencial para o controle
alternativo de A. gemmatalis.
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Introduction

Anticarsia gemmatalis Hiibner, 1818 (Lepidoptera: Noctuidae), commonly known as ‘velvet caterpillar’,
is one of the main defoliator pests that attack soybean (Glycine max), capable of causing extensive economic
damage to the crop. The reduction in plant productivity is caused by the reduction of the photosynthetically
active leaf area due to leaf consumption by the caterpillars. Under high infestation loads, the plants can be
completely defoliated, causing their death (PRACA; MORAES; MONNERAT, 2006; VICENCO et al., 2021).

This pest insect in generally controlled using synthetic chemical pesticides, especially from the classes
of benzoylureas, pyrethroids, organophosphates, and diamides (BRASIL, 2021). However, the indiscriminate
and recurrent use of these substances ends up fostering the selection of resistant individuals, reducing pesticide
efficiency, besides the deleterious effects to non-target organisms, as animals and humans and the contamination
of soil and groundwaters (DENT; BINKS, 2020).

Nowadays, there is an increasing effort to reduce the use of synthetic pesticides, whether through changes
in crop management, use of biological and alternative control, or the development of new plant varieties that
are resistant to pests (ZHU et al., 2016; SUDO et al., 2017). Among the possible approaches, there is the use of
biomolecules as pesticides or natural repellents. Regarding these biomolecules, terpenes stand out as
antimicrobial and antioxidant agents, being secondary plant metabolites produced as protection and defense
against pests and herbivores (WAR et al., 2012; GAJGER; DAR, 2021). Essential oils, complex terpene
mixtures produced and stored by plants, constitute a possible control option since terpenes in general have a
low toxicity to vertebrates and have minimum environmental persistence, volatilizing quickly, besides the
susceptibility to oxidation by solar UV radiation and atmospheric oxygen (SHAH et al., 2019; STOLERU;
BREBU, 2021).

Several essential oils are composed of terpenes that have some kind of biological activity. These
compounds may interfere in metabolism, both isolated and mixed (synergistic effect), hampering physiological
and behavioral insect processes (VIEGAS JUNIOR, 2003; MENEZES, 2005), such as growth inhibition,
feeding, or oviposition (PAVELA; BENELLI, 2016).

Synergistic effect corresponds to a potentiation of the activity of two or more substance relative to their
activities when isolated. Synergism occurs when the effect of the substances together is greater than the
summation of the isolated effects (TOSI; NIEH, 2019). Taking into account that essential oils are a mixture of
several terpenes, it must be considered that most of the biological activity of an essential oil may result of
synergistic or additive effects among the terpenes that compose the mixture (SCALERANDI et al., 2018).

Cymbopogon citratus (DC.) Stapf, commonly known as ‘lemongrass’, is an aromatic plant belonging to
Poaceae family. Both C. citratus leaves and its essential oil are used in traditional medicine, cooking,
aromatherapy, and agriculture (SHAH et al., 2011; OLORUNNISOLA et al., 2014). According to United States
Evironmental Protection Agency (EPA) and World Health Organization (WHO), C. citratus is classified as a
safe species for human consumption (EKPENYONG; AKPAN; NYOH, 2015).

Relative to the potential uses of C. citratus essential oil as an alternative pesticide, literature studies cited
the antifungal (SESSOU et al., 2012; ITANKAR; TAUQEER; DALAL, 2019), insecticidal and repellent
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properties of this essential oil against insects from different orders, such as Agrotis ipsilon (Lepidoptera:
Noctuidae), Ulomoides dermestoides Fairmaire (Coleoptera: Tenebrionidae), and Musca domestica (Diptera:
Muscidae) (PINTO et al., 2015; PLATA-RUEDA et al., 2020; MOUSTAFA et al., 2021).

The objective of the present work was to evaluate the insecticidal activity of different concentrations of
C. citratus leaf essential oil and the identified major compounds (citral and myrcene), isolated and combined,

on Anticarsia gemmatalis.

Material and Methods
Breeding of A. gemmatalis individuals

A. gemmatalis caterpillars were bred under controlled conditions, being fed with an artificial diet
formulated in accordance with Greene, Leppla, and Dickerson (1976). The insects were kept under controlled
environmental conditions (25 + 2 °C, 75 £ 5 % relative humidity, and photoperiod of 14 h of light and 10 h of
dark). Third-instar caterpillars were used in the bioassays; instar identification was carried out following the

procedures of Vicengo et al. (2021).

Obtainment of essential oil and major compounds

Cymbopogon citratus plants were grown at the Experimental Site and Farm School of UCS (geographical
coordinates: 29°0828.9"S, 50°5929.3"W, and an altitude of 806 m above sea level), being harvested in
December 2020. After harvest, the samples underwent visual inspection, being excluded inorganic contaminants
and decaying plant material. The selected material was dried in a kiln with forced air circulation for 96 h at
room temperature (20 — 25 °C).

The dried plant material underwent essential oil extraction by steam distillation for 2 h, following the
procedures of ANVISA (2010). The volume of obtained essential oil was measured using a 25 mL glass
graduated cylinder, the yield was calculated using the method described by Pauletti et al. (2020). The obtained
essential oil was stored in an amber glass flask and kept under refrigeration (4 +2 °C) in a cold chamber until
the bioassays; a small oil sample (0.5 mL) was sent to chromatographic analysis.

The synthetic major compounds myrcene (CAS 123-35-3, 98.1 % purity) and citral (CAS 5392-40-5,
96.4 % purity) were purchased from Sigma-Aldrich (EUA) and stored under refrigeration (4 £ 2 °C) until the

bioassays.

Chromatographic analysis

The samples were analyzed by GC/MS (qualitative analysis) and GC-FID (quantitative analysis), based
on the procedures described by Silvestre et al. (2019). The GC-FID analyses were carried out using a Hewlett
Packard 6890 gas chromatograph, equipped with an HP-Chemstation software and an HP-Innowax fused silica
column (30 m x 320 pum i d., 0.50 pm film thickness). Temperature programming was 40 °C for 8 min, 40 to
180 °C at 3 °C-min, 180 to 230 °C at 20 °C-min™, 230 °C for 10 min; injector temperature of 250 °C; split

ratio 1:50; flame ionization detector at 250 °C; hydrogen as carrier gas at 34 kPa; injected sample volume of
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1.0 pL, diluted in hexane (1:10).

The GC/MS analyses were carried out using an HP-6980 gas chromatograph coupled to a HP-MSD5973
selective mass detector, equipped with HP Chemstation and Wiley 275 spectra library. It was used an HP-
Innowax fused silica column (30 m x 320 um i. d., 0.50 pum film thickness). Temperature program was the same
of GC-FID analysis; interface at 280 °C; split ratio 1:100; helium as carrier gas at 56 kPa and flow rate of
1.0 mL-min; ionization energy of 70 eV; injected volume of 1.0 pL, diluted in hexane (1:10).

The essential oil components were identified by comparison of the obtained mass spectra with the Wiley
library (GC/EM) and by comparison of the linear retention indexes (LRI) with literature data (NIST). The LRI
values were calculated with the Van den Dool and Kratz equation using a standard solution of alkanes (C8-
C30). Quantification was carried out using 1-octanol as internal standard, injecting 25 puL of a solution
30.22 g-L* 1-octanol in hexane (755 pg of 1-octanol injected in each analysis). The determination of the
contents of each compound was carried out using calibration curves for each chemical class and the peak area

of each component, as proposed by Rebelo et al. (2022).

Bioassays

The tests were carried out based on the procedures described by Vicenco et al. (2021). The essential oil
and major compounds were added to the artificial diet, at different concentrations, plus the negative and positive
controls. Five concentrations were tested: 0.1 %, 0.3 %, 0.5 %, 0.7 %, and 0.9 % v/v, based on the study of
Hahn et al. (2018). The concentrations of the major compounds (citral and myrcene) were the same as the
essential oil, being adjusted according to the content in the essential oil and the purity of the synthetic compound,

following equation 1.
- T
C =D X > @

Where ‘C’ is the adjusted concentration (% v/v), ‘D’ is the essential oil concentration (% v/v), ‘T’ is the
compound content in the essential oil (%), and ‘P’ is the purity of the synthetic compound (%).

All treatments (essential oil and major compounds) were emulsified with Tween-80® (0.5 % v/v).
Novaluron (0.075 % wi/v), active ingredient indicated for the control of A. gemmatalis in the juvenile phase,
was used as a positive control. Distilled water and Tween-80® 0.5 % v/v were the negative controls.

The insects were kept under controlled environmental conditions (25 £ 2 °C, 75 £ 5 % relative humidity,
and photoperiod of 14 h of light and 10 h of dark) in the breeding room, in 100-mL plastic cups with cap, with
one caterpillar per cup. The provided artificial diet was not replaced during the experiment. Insect mortality was

evaluated daily for four days, corresponding to 24 h, 48 h, 72 h, and 96 h.

Experimental design and statistical analysis
The bioassays followed a bifactorial randomized design. The concentration and kind of substance

(essential oil or major compounds) were the two factors evaluated. Fifty individuals were used in each treatment,
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grouped in five replicates of ten individuals each. Data normality was assessed using Kolmogorov-Smirnov test.
The parametric data underwent analysis of variance (ANOVA), followed by Fisher’s Least Significant
Difference (LSD) post hoc test at 5 % error probability (p = 0.05), using the Statistical Package for the Social
Sciences 17.0 (SPSS) software.

Results and Discussion
Chemical profile of the essential oil

The essential oil yield of the dried C. citratus leaves was 0.93 % v/w (volume by weight). The
chromatographic analyzes identified sixteen compounds; the detailed chemical profile of the essential oil is
presented in Table 1.

Table 1. Results of the chromatographic analysis (CG-DIC and CG/MS) of Cymbopogon citratus essential oil,

obtained by steam distillation for 2 h.

Compound Calc. IRL Lit. IRL Content (wt.%)
myrcene 1169 1167 40.33
y-terpinene 1241 1240 0.86
0-Cymene 1257 1254 0.50
sulcatone 1344 1347 1.46
fenchone 1409 1410 0.17
a-thujone 1422 1422 0.22
menthone 1473 1474 0.18
camphor 1528 1531 0.18
linalool 1555 1551 0.88
bornyl acetate 1593 1590 0.44
B-caryophyllene 1611 1610 0.47
neral® (citral B) 1696 1694 20.54
geranial® (citral A) 1728 1725 31.42
geranyl acetate 1766 1765 0.20
nerol 1815 1817 0.22
geraniol 1856 1856 1.34
Monoterpenes 41.69
Oxygenated monoterpenes 55.15
Sesquiterpenes 0.47
Others 2.10
Total identified 99.42
Not identified 0.58

Calc. IRL: calculated linear retention index; Lit. IRL: linear retention index according to the literature (NIST). * — isomers
of citral, were jointly considered as ‘citral’ throughout this work.
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According to Table 1, the identified major compounds in the essential oil were the cis (neral) and trans
(geranial) isomers of citral, with 20.5 wt. % and 31.4 wt. %, respectively, corresponding to 51.9 wt. % citral,
followed by myrcene, with 40.3 wt. %. Relative to the chemical classes, the essential oil was mainly composed
of hydrocarbon and oxygenated monoterpenes, with small amounts of sesquiterpenes.

The GC-FID chromatogram of C. citratus essential oil with peak identification is presented in Figure 1.
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Figure 1. CG-FID chromatogram of Cymbopogon citratus essential oil obtained by steam distillation for 2 h. 1
— myrcene; 2 — y-terpinene; 3 — 0-cymene; 4 — sulcatone; 5 — fenchone; 6 — thujone; 7 — menthone; 8 — camphor;
9 — linalool; 10 — bornyl acetate; 11 — B-caryophyllene; 12 — neral (cis isomer of citral); 13 — geranial (trans
isomer of citral); 14 — geranyl acetate; 15 — nerol; 16 — geraniol; * — internal standard (1-octanol).

Kimutai et al. (2017) reported a chemical profile similar to the one observed in this work, with citral as
the major compound (30.2 wt. %), followed by myrcene (14.2 wt. %) for C. citratus essential oil from Kenia,
whereas Fogné et al. (2017) reported a citral content of 83.9 wt. %, with 35.8 wt. % of neral and 48.1 wt. % of
geranial. The citral chemotype is regarded as characteristic of C. citratus essential oil, with variations in the

secondary major compounds (AVOSEH et al., 2015).

Bioassays

The mortality percentages of A. gemmatalis individuals exposed to the essential oil and major compounds
by ingestion during the experiment are compiled in Table 2.

It is important to observe that, in the first 24 h of exposure at the concentration of 0.9 % v/v, the essential
oil of C. citratus caused 96 % caterpillar mortality, followed by the mixture of citral and myrcene with 88 %,

whereas citral alone caused 68 % mortality and myrcene alone had no effect (zero mortality). It could be seen
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that, at the concentration of 0.7 % v/v, the mixture of citral and myrcene had a higher mortality (88 %), followed

by the essential oil (68 %), and citral (60 %). Since essential oils are complex mixtures of several terpenes, the

minor compounds may have had an effect on the digestive sorption of the major compounds (citral and

myrcene), or even had delayed the start of the toxic effects, a phenomenon that has not occurred at a higher

essential oil concentration (Shahriari et al., 2020; Asadi et al., 2021).

Table 2. Mortality of Anticarsia gemmatalis caterpillars under exposure by ingestion to increasing

concentrations of Cymbopogon citratus essential oil, citral, and myrcene added to artificial diet.

Treatment  Concentration Mortality (%)
24 h 48 h 72 h 96 h
C. citratus 0.1 % viv 0+0Ae 0+0Ae 2+1Be 2+0Be
essential oil 0.3 9% v/v 28 + 4 Ad 28 + 4 Ad 32 +4 Ad 32 +4Ad
0.5 % viv 32+ 4Bc 60 £ 3 Bc 62+2Cc 62+4Cc
0.7 % viv 68 + 4 Bb 86 +5Bb 86 +5Bb 86 +5Bb
0.9 % viv 96 £5 Aa 100 £ 0 Aa 100 £ 0 Aa 100 £ 0 Aa
citral 0.1 % viv 0+0Ae 0+0Ae 0+0Be 0+0Be
0.3%viv 10+ 1Bd 26 +4 Ad 28 + 4 Bd 28 + 0 Bd
0.5 % viv 50+ 3 Ac 78 +4 Ac 80+5Bc 80+ 0Bc
0.7 % viv 60+2Cb 82+5Cb 86 +4Bb 86+ 1Bb
0.9 % viv 68 £ 5 Ca 96 £ 4 Ba 100 £ 0 Aa 100 £ 0 Aa
myrcene 0.1 % viv 2+0Ae 2+0Ae 2+0Be 2+0Be
0.3 % viv 2+0Ce 2+0Ce 2+0De 2+0De
0.5 % viv 0+0Ce 0+0De 0+0De 0+0De
0.7 % viv 0+0De 2+0De 2x0Ce 2+0Ce
0.9 % viv 0+0De 0+0Ce 0+0Be 0+0Be
citral + 0.1 % viv 0+0Ae 2+0Ae 14 + 3 Ae 14+0 Ae
myrcene 0.3 % viv 8+4Bc 12+ 4Bd 18+2Cd 18+0Cd
0.5 % viv 48 £ 4 Ab 76 +4 Ac 86+ 4 Ac 86+ 1AC
0.7 % viv 88+5 Aa 94 +5Ab 96 +4 Ab 96 + 0 Ab
0.9 % viv 88 £ 5Ba 100 £ 0 Aa 100 £ 0 Aa 100 £ 0 Aa
Distilled water 0+0e 0+0e 0+0e 0+0e
Tween-80® 0.5 % viv 0+0e 0+0e 0x0e 0x0e
Novaluron 0.075 % w/v 0+0e 0+0e 100+ 0a 100£0a
p-value for treatments <0.001 <0.001 <0.001 <0.001
p-value for concentrations <0.001 <0.001 <0.001 <0.001
p-value for interaction effect <0.001 <0.001 <0.001 <0.001
Coefficient of variation (%) 13.2 11.8 7.7 7.7

Means followed by the same letter, lowercase within the treatment, and uppercase within the concentration, do not differ
statistically by Fisher’s LSD test at 5 % probability error (p = 0.05).
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Thus, at higher concentrations (0.7 % and 0.9 % v/v), both the essential oil and the mixture of citral and
myrcene were effective in controlling A. gemmatalis within 24 h. A similar behavior was observed by Silvestre
et al. (2021) when evaluating the insecticidal activity of Callistemon speciosus essential oil (major compound
1,8-cineole) on this pest insect. Plata-Rueda et al. (2020, 2021) reported a quick action of citral (neral and
geranial) and their derivatives (neryl/geranyl acetate) on Ulomoides dermestoides and A. gemmatalis. It is also
important to observe that the essential oil caused a higher mortality at 0.9 % v/v, which is desirable considering
the possibility of using this material without the need of further purification, unlike the use of citral an myrcene,
which would require prior purification or being chemically synthesized and purified before use.

After 48 h of exposure, there was an increase in the mortality of A. gemmatalis individuals exposed to
the essential oil, citral, and the mixture of citral and myrcene at the concentration of 0.5 % v/v, suggesting a
slower poisoning probably due to the smaller amounts of terpenes in the artificial diet comparatively to the
concentrations of 0.7 % and 0.9 % v/v, which caused toxic effects in the first 24 h. Myrcene caused no
significant caterpillar mortality within 48 h, regardless of the concentration, indicating that this monoterpene
probably had no toxic effect on this species (BEDINI et al., 2015).

After 72 h, there were no significant changes in insect mortality for the concentrations of 0.7 % and
0.9 % v/v; there was a small increase in mortality for the concentrations of 0.3 % and 0.5 % v/v. It is also
noteworthy to comment that novaluron (positive control) acted between 48 h and 72 h, killing all individuals
exposed to it.

As commented by Silvestre et al. (2021), the toxic mechanism of novaluron occurs through inhibition of
chitin synthesis. This active compound must be absorbed and transported to the target tissues for its toxic effect
to occur, a slower process than the one observed for terpenes, which is believed to act by a neurotoxic
mechanism, which is faster (ENAN, 2001; REGNAULT-ROGER, 2013). In this sense, the essential oil had a
faster action, causing complete (100 %) mortality in the first 48 h, a desirable effect, especially for use in
situations in which a quick control is necessary.

Vicenco et al. (2020), studying the insecticidal effect of the essential oil of two species of the Schinus
genus on A. gemmatalis, observed a similar behavior for S. molle essential oil, which had a high monoterpene
content (approx. 85 wt. %), attributing the lower efficiency of this oil due to the faster volatilization of the
monoterpenes compared to sesquiterpenes.

There was no mortality increase between 72 h and 96 h, so that the concentrations below 0.5 % v/v of all
treatments caused mortality percentages below 33 %. As observed, higher concentrations (above 0.5 % v/v) of
both the essential oil and the mixture of citral and myrcene were effective in the control of the caterpillars, with
mortality above 85 % in the first 24 h.

This suggests that citral and myrcene can act in a synergistic way when applied in the same proportion
as the essential oil since citral, when applied alone, caused a lower mortality than both the essential oil and the
mixture of citral and myrcene, and myrcene was completely ineffective when applied alone. It is also important
to consider a possible contribution of the minor compounds in the potentiation of essential oil toxicity, even if

these substances were present in quite smaller amounts compared to the major compounds (GARCIA-DIEZ et
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al., 2017; SCALERANDI et al., 2018). Andrade-Ochoa et al. (2018), assessing the relationships of biological
activity of several terpenes alone and in binary mixtures, reported that binary mixtures of myrcene with trans-
anethole, limonene, carvacrol, and thymol have had a synergistic insecticidal effect against pupae and larvae of
Culex quinquefasciatus (Diptera, Culicidae), Khorram et al. (2011) observed that binary mixtures of myrcene
with a-pinene, B-pinene, camphene, and y-terpinene had an additive effect since there was no increase of the
insecticidal activity relative to the activity of the individual compounds.

As observed by Regnault-Roger (2013), Jankowska et al. (2018), and Silvestre et al. (2021), terpenes and
essential oils act through a neurotoxic effect. This effect has two main mechanisms, the first is by disrupting
neuron membranes (and not only nerve cell membranes), causing ionic imbalances and malfunctioning of ion
channels and other membrane proteins. The second mechanism is the interaction of the terpenes with enzymes
that metabolize neurotransmitters and receptors. This further hinders the functioning of insect nervous system,
causing the death of the individuals.

The low mortality observed for myrcene alone is probably the result of a low toxicity of this terpene on
A. gemmatalis, considering that toxic, repellent, and attractive effects are also influenced by insect species. As
observed by Sun et al. (2020), myrcene had a repellent effect on Liposcelis bostrychophila (Psocodea,
Liposcelididae) whereas it had an attractive effect on Tribolium castaneum (Coleoptera, Tenebrionidae). Bedini
et al. (2015) also reported repellent activity of myrcene on A. gemmatalis when applied alone, regardless of the
concentration used.

Citral is already acknowledged in the literature as having insecticidal effect against several insect species
(AVOSEH et al., 2015; OLADEJI et al., 2019). Hsu, Yen, and Wang (2013) reported that the mixture of citral
and myrcene had a synergistic repellent effect on Aedes aegypti (Diptera, Culicidae). According to Louis-
Clément et al. (2017), the mixture of citral and myrcene has synergistic antioxidant and antimicrobial effects,
acting against protozoa of the Leishmania genus and Anopheles gambiae (Diptera, Culicidae). A possible
synergistic effect between citral and myrcene may be responsible for the high mortality percentages of both C.
citratus essential oil and the mixture of citral and myrcene relative to them applied isolated.

According to the results, a synergistic insecticidal effect between citral and myrcene may exist, in which
the toxicity of the former seems to be potentiated by the latter. After 96 h, all treatments at the concentration of
0.9 % v/v with exception of myrcene killed all of the exposed individuals. In this sense, both C. citratus essential
oil and the mixture of citral and myrcene can be considered suitable options for use in the alternative control of
this species, although more studies are needed. However, considering that C. citratus essential oil can be used
without further purification, it can be considered a promising option for the alternative control of the pest insect

A. gemmatalis.
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