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Abstract
Corn (Zea mays) is one of the world’s main agricultural crops, and Spodoptera frugiperda (J. E. Smith) is its most important pest. In
order to find natural controlling alternatives, this study aimed to determine the effect of plant oils on the feeding preference of
first- and second-instar caterpillars. The experimental design was completely randomized in a 6 x 5 factorial combination (turmeric,
-1
clove, palmarosa, tea tree, common juniper, and neem oils) at five concentrations (0, 25, 50, 100, and 200 µL mL ), plus a control
consisting of acetone 100.0%, with five replicates per treatment. Twenty-five-day-old corn leaf sections received the corresponding
st
treatments in addition to the control and were deposited along orthogonal axes in an arena arranged in Petri dishes. Ten 1 instar
caterpillars were released at the center of the plates, and results were obtained after 8h and 24h from the release, based on the
st
number of caterpillars found on each treatment. For 1 instar caterpillars, the best results were observed for clove and palmarosa,
which negatively influenced caterpillar feeding activity in both evaluation periods, followed by turmeric oil, which showed the same
effectiveness in the last period only. For second-instar caterpillars, the best effects were observed for neem, turmeric, palmarosa,
and clove oil in the first evaluation period. Furthermore, the effectiveness of the first three oils was maintained in the second
evaluation period. These results emphasize the potential capability of plant oils when used in management programs against this
pest, in which the oils of turmeric, clove and palmarosa showing the best controlling potential of this pest from the lowest
-1
concentration corresponding to 25 µL mL .
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Introduction
Corn (Zea mays) has one of the highest economic values as a
species. Its kernels can be processed in different ways, such
as for fresh consumption. This crop stands out due to its
productive potential, as well as its nutritional value. It is one
of the cereals most consumed by mankind (Lopes et al.,
2016).
Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae), commonly known as the fall armyworm, can be
highlighted among the various reasons for decreased corn
productivity. This pest has great economic interest, due to
its extensive defoliation capacity (Arthur et al., 2016).
This insect has polyphagous habits, causing great economic
damage, by attacking major crops, such as rice, wheat,
cotton, bean, sorghum, etc. Damage varies with crop and
planting region (Cruz and Monteiro, 2004).
Corn production in Brazil comes from farms varying from
small properties with low technology to large properties
with a high technological development levels. In small
properties, pest control is not performed at all, or
performed inadequately, due to a lack of information and
economic conditions. In large properties, pest control
focuses on the use of insecticides that lead to resistant
population selection problems, ecosystem contamination,

and public health problems. In addition, production costs
become higher (Viana and Potenza, 2000).
In view of the serious status of this pest, several natural
alternative methods have been studied to replace use of
agricultural chemicals. The researches have focused on
control measures; contributing towards the integrated
management of this pest (Labinas and Crocomo, 2002; Haas
et al., 2014; Tavares et al., 2013, Tavares et al., 2010).
Among such alternative methods, plant oils occupy an
important position. They originate from the secondary
metabolism of plants and consist of a mixture of complex
chemical substances that act as plant defenses, with low
toxicity to animals and to human. They also have antiviral,
bactericidal,
bacteriostactic,
fungicidal,
fungistatic,
insecticidal, and repellent action (Barbosa et al., 2015; Costa
et al., 2011; Morais, 2009; Worwood, 1995). Their metabolic
activities are considered to be associated with chemical
elements such as aldehydes, alcohols, esters, and phenols,
among others (Knaak and Fiuza, 2010).
Souza et al. (2010) studied feeding preference of fourthinstar S. frugiperda caterpillars in assays consisting of corn
leaves treated with plant oils from Eucaliptus urograndis
(Myrtaceae) and E. urophylla (Myrtaceae). They showed
100% caterpillar attraction towards the control, confirming

557

the inhibitory action of the oils. As mentioned earlier, corn is
a cereal with great economic importance. The damage
caused by S. frugiperda to this crop is extensive. Therefore,
this study was carried out to determine the potential of
different plant oils on the feeding preference of first- and
second-instar S. frugiperda caterpillars.

common juniper oils did not differ from the control in all
concentrations, denoting feeding preference for these oils
(Table 3).
The results of evaluation performed 24h after caterpillar
release were very close to those observed in the test
performed after 8h, in which the neem, turmeric, and
palmarosa plant oils inhibited caterpillar feeding and had a
non-preference effect for those oils at all concentrations,
differing from the control. Tea tree and common juniper did
not show differences compared to the control, supporting
the feeding preference of the caterpillars for these oils. In
this evaluation period and the 8h test different results were
observed for clove oil at the two smaller concentrations (25
-1
and 50 µL m ), showing feeding preference, while at the
subsequent concentrations, corresponding to 100 and 200
-1
µL mL , the caterpillars showed non-feeding preference,
suggesting a dose-dependent effect (Table 4).
st
For the 1 instar caterpillars, the best results were
observed for clove and palmarosa, which negatively
influenced caterpillar feeding activity in both evaluation
periods, followed by turmeric oil, which showed the same
effectiveness in the last period only. For the second-instar
caterpillars, the best effects in the first evaluation period
were observed for neem, turmeric, palmarosa, and clove oil.
The effectiveness of the first three oils was maintained in
the second evaluation period as well. These results
emphasized the potential of plant oils when used in
management programs against this pest.

Results
Presence of first-instar S. frugiperda caterpillars on corn
leaves treated with plant oils after 8 h of exposure to the
feeding preference test
In the feeding preference test conducted 8 hours from
-1
caterpillar release at the lowest concentration (25 µL mL ),
we observed that only the neem and common juniper oils
did not differ from the control. All other oils, corresponding
to tea tree, turmeric, clove, and palmarosa, influenced
caterpillar feeding preference negatively, with lower intakes
than the intake obtained for the control (Table 1). At
-1
concentrations of 50 and 100 µL mL , only the turmeric,
clove, and palmarosa oils negatively interfered with
caterpillar intake, differing from the control. At these
concentrations the number of caterpillars obtained for the
neem, tea tree, and common juniper oils did not differ from
-1
the control (Table 1). At the concentration of 200 µL mL ,
plant oil effects were observed only for the clove and
palmarosa oils. No differences were observed for the other
oils compared to the control (Table 1).

Discussion
Presence of first-instar S. frugiperda caterpillars on corn
leaves treated with plant oils after 24 h of exposure to the
feeding preference test

Among the oils utilized in this study, neem, family
Meliaceae, is one of the most frequently cited in the
literature, because of its insecticidal action. Among the
studies that demonstrate the insecticidal action of this oil,
the investigation conducted by Tavares et al. (2010)
reported such effect on S. frugiperda caterpillars. In the
feeding preference test conducted in our study with firstinstar caterpillars, the A. indica plant oil proved ineffective
and did not show inhibitory action when compared with the
control. On the other hand, in the results obtained from
second-instar caterpillars with evident action, confirmed a
non-feeding preference of the pest for the oil.
In this study, the results obtained for first-instar
caterpillars contrast with those obtained by Giongo et al.
(2016), where they observed an inhibitory action of the
same substance after caterpillars were exposed for 24h to
treated corn leaves.
The insecticidal properties observed for A. indica oil are
attributed to the presence of azadirachtin, which is a major
terpenoid found in this substance (Oliveira, 2015).
The results obtained for tea tree (Myrtaceae) oil on the
first- and second-instar caterpillars were similar to those
observed by Mazzonetto et al. (2013). These authors
determined the feeding preference of S. frugiperda
caterpillars to corn leaves treated with Corymbia citriodora
(Myrtaceae) extract and observed that this family does not
negatively interfere with the feeding activity of those
insects, compared with the control.
Caterpillar attractiveness to the oil may be related to the
chemical components present in that substance, which does
not inhibit feeding and does not interfere with choosing

The results obtained in the feeding preference test after 24
-1
hours at the lowest concentration (25 µL mL ) were equal to
those observed for the same concentration after exposure
for 8 hours. At this concentration the tea tree, turmeric,
clove, and palmarosa plant oils were different from the
control, suggesting that a non-feeding preference effect
occurred on the caterpillars. At this concentration, neem and
common juniper did not differ from the control,
demonstrating the caterpillar feeding preference for those
-1
oils (Table 2). At 50 µL mL concentration, the non-feeding
preference was maintained for the turmeric, clove, and
palmarosa oils. Such effectiveness was maintained at the
subsequent concentrations, as well as the low effectiveness
for the neem and common juniper oils, which did not differ
from the control and from the other concentrations (Table
2). For tea tree oil, the number of caterpillars at the 50 and
-1
200 µL mL concentrations did not differ from the control,
-1
while at the 25 and 100 µL mL concentrations the number
of caterpillars differed from the control.
Presece of second-instar S. frugiperda caterpillars on corn
leaves treated with plant oils after 8 and 24 h of exposure
to the feeding preference test
Results for second-instar caterpillars are shown in Tables 3
and 4. In the evaluation performed after 8h from caterpillar
release, non-feeding preference was observed for the neem,
turmeric, clove, and palmarosa oils, while the tea tree and
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Table 1. Mean number (± SE) of first-instar S. frugiperda caterpillars present on corn leaves treated with plant oils after 8 h of
exposure to the feeding preference test (df=9.0). Temp.: 25ºC ± 2ºC, RH: 70%, and 12:00h photophase. Cassilândia, MS, Brazil,
2016.
Neem
Tea Tree
Common Juniper
Turmeric
Clove
Palmarosa
-1
Concentration (25µL mL )
Control
2.11±1.20a
1.72±0.80b
1.65±0.37a
2.47±0.58b
2.30±1.28b
1.92±0.58b
Treatment
1.96±1.06a
1.08±0.20a
1.65±1.28a
1.08±0.20a
1.37±0.44a
1.08±0.20a
F(treatment)
0.071ns
9.579*
Ns
90.548**
8.221*
20.674*
CV(%)
42.44
23.33
26.06
13.03
27.91
19.54
-1
Concentration (50µL mL )
Control
2.12±1.15a
1.61±0.73a
1.61±0.73a
2.70±0.67b
2.53±0.92b
1.87±0.50b
Treatment
1.94±0.37a
1.22±0.40a
1.45±0.37a
1.08±0.20a
1.00±0.00a
1.08±0.20a
F(treatment)
0.163ns
2.091ns
0.236ns
139.646**
56.083**
13.773*
CV(%)
35.25
29.52
32.69
11.47
18.34
22.85
-1
Concentration (100µL mL )
Control
2.45±1.11a
1.31±0.37a
1.57±1.06a
2.55±0.67b
2.11±0.81b
2.37±1.06b
Treatment
1.95±0.89a
1.08±0.20a
1.16±0.24a
1.08±0.20a
1.00±0.00a
1.00±0.00a
F(treatment)
1.374ns
1.344ns
1.430ns
92.381**
35.319**
46.146**
CV(%)
30.60
26.21
39.72
13.30
19.01
18.96
-1
Concentration (200µL mL )
Control
2.38±0.73a
1.22±0.40a
1.08±0.20a
2.10±1.39a
2.22±1.06b
2.62±0.89b
Treatment
2.00±1.20a
1.22±0.40a
1.31±0.37a
1.22±0.40a
1.00±0.00a
1.00±0.00a
F(treatment)
0.712ns
ns
2.364ns
4.376ns
24.020**
90.242**
CV(%)
32.68
29.78
19.69
39.83
24.51
14.92
Means followed by a common letter in the column do not differ from one another by Tukey's test at 5% probability. SE = standard error of the mean, ns = non-significant,
*(P<0.05), **(P<0.001).

Table 2. Mean number (± SE) of first-instar S. frugiperda caterpillars present on corn leaves treated with plant oils after 24 h of
exposure to the feeding preference test (df=9.0). Temp.: 25ºC ± 2ºC, RH: 70%, and 12:00hphotophase. Cassilândia, MS, Brazil, 2016.
Neem
Tea Tree
Common Juniper
Turmeric
Clove
Palmarosa
-1
Concentration (25µL mL )
Control
2.49±1.50a
1.82±0.87b
2.55±0.60a
2.94±1.01b
2.55±074b
2.83±1.06b
Treatment
1.67±0.70a
1.22±0.40a
2.08±0.50a
1.16±0.24a
1.48±0.67a
1.08±0.20a
F(treatment)
2.457ns
15.760*
4.905ns
42.824**
11.698*
59.806**
CV(%)
39.43
15.64
14.64
20.92
24.47
18.30
-1
Concentration (50µL mL )
Control
2.05±0.87a
1.87±0.96a
2.27±0.20a
2.99±0.63b
2.64±1.15b
2.52±1.20a
Treatment
2.12±0.76a
1.55±0.67a
1.90±1.14a
1.08±0.20a
1.00±0.00a
1.48±0.67b
F(treatment)
0.044ns
7.231ns
1.316ns
149.481**
57.855**
7.591*
CV(%)
25.19
10.74
24.85
12.12
18.78
29.76
-1
Concentration (100µL mL )
Control
2.18±1.00a
1.44±0.48b
2.09±0.87a
2.67±0.58b
2.11±0.81b
2.15±0.86b
Treatment
1.91±1.46a
1.00±0.00a
1.71±0.44a
1.31±0.37a
1.00±0.00a
1.22±0.40a
F(treatment)
0.247ns
7.907*
2.691ns
43.687**
35.319**
13.295*
CV(%)
41.34
20.60
19.57
16.35
19.01
23.80
-1
Concentration (200 µL mL )
Control
2.48±1.20a
1.47±0.74a
1.39±0.31a
2.73±0.97b
2.02±0.58b
1.98±0.96b
Treatment
2.11±1.24a
1.34±0.63a
1.31±037a
1.31±0.37a
1.00±0.00a
1.82±0.20a
F(treatment)
0.482ns
0.189ns
0.405ns
23.398**
41.376**
14.326*
CV(%)
35.90
33.48
15.22
22.98
16.65
24.65
Means followed by a common letter in the column do not differ from one another by Tukey's test at 5% probability. SE = standard error of the mean, ns = non-significant,
*(P<0.05), **(P<0.001).

Table 3. Mean number (± SE) of second-instar S. frugiperda caterpillars present on corn leaves treated with plant oils after 8 h of
exposure to the feeding preference test (df=9.0). Temp.: 25ºC ± 2ºC, RH: 70%, and 12:00hphotophase. Cassilândia, MS, Brazil, 2016.
Neem
Tea Tree
Common Juniper
Turmeric
Clove
Palmarosa
-1
Concentration (25µL mL )
Control
2.56±1.06b
1.48±1.56a
2.10±1.31a
2.70±0.67b
2.59±1.22b
2.66±0.86b
Treatment
1.08±0.20a
1.53±0.40a
2.04±1.20a
1.08±0.20a
1.08±0.20a
1.08±0.20a
F(treatment)
54.155**
0.012ns
0.010ns
106.265**
43.377**
82.107**
CV(%)
17.48
46.01
44.76
13.16
19.76
14.71
-1
Concentration (50µL mL )
Control
7.80±0.37b
1.34±0.63a
2.29±0.81a
2.66±0.73b
2.13±1.01b
2.53±1.07b
Treatment
0.20±0.20a
1.28±0.58a
1.91±0.73a
1.00±0.0a
1.14±0.40a
1.16±0.24a
F(treatment)
361.000**
0.118ns
6.530ns
140.595**
8.752*
41.844
CV(%)
15.81
22.30
11.23
12.13
32.20
18.09
-1
Concentration (100µL mL )
Control
2.58±0.86b
1.40±0.73a
2.18±1.09a
2.53±1.16b
2.06±1.28b
2.75±1.15b
Treatment
1.20±0.60a
1.14±0.40a
1.71±0.86a
1.22±0.40a
1.00±0.00a
1.00±,00a
F(treatment)
14.950*
0.581ns
1.577ns
17.636*
13.620
64.215**
CV(%)
29.92
41.32
30.18
26.09
29.78
18.46
-1
Concentration (200µL mL )
Control
2.40±1.14b
1.36±0.54a
1.48±0.58a
1.93±0.48b
2.11±1.24b
2.74±1.24b
Treatment
1.22±0.40a
1.00±0.00a
1.62±0.67a
1.08±0.20a
1.00±0.00a
1.00±0.00a
F(treatment)
9.450*
3.965ns
0.444ns
31.639**
16.203*
45.520**
CV(%)
33.22
24.55
22.32
15.31
28.19
21.84
Means followed by a common letter in the column do not differ from one another by Tukey's test at 5% probability. SE = standard error of the mean, ns = non-significant,
*(P<0.05), **(P<0.001).
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Table 4. Mean number (± SE) of second-instar S. frugiperda caterpillars present on corn leaves treated with plant oils after 24 h of
exposure to the feeding preference test (df=9.0). Temp.: 25ºC ± 2ºC, RH: 70%, and 12:00hphotophase. Cassilândia, MS, Brazil, 2016.
Neem
Tea Tree
Common Juniper
Turmeric
Clove
Palmarosa
-1
Concentration (25µL mL )
Control
2.09±0.24b
1.45±0.37a
2.09±1.02a
2.70±0.67b
1.74±0.66a
2.29±0.87b
Treatment
1.54±0.24a
1.65±0.89a
2.28±0.92a
1.08±0.20a
1.08±0.20a
1.44±0.48a
F(treatment)
38.700**
0.269ns
0.227ns
106.265**
5.359ns
9.453*
CV(%)
7.73
38.58
29.32
13.16
31.80
23.19
-1
Concentration (50µL mL )
Control
2.21±0.63b
1.42±0.58a
2.59±0.58a
2.66±0.73b
1.86±0.67a
2.51±0.67b
Treatment
1.42±0.58a
1.28±0.58a
2.11±0.81a
1.00±0.00a
1.29±0.48a
1.22±,040a
F(treatment)
15.325*
1.000ns
2.758ns
140.595**
4.019ns
119.214**
CV(%)
17.49
17.07
19.64
12.13
28.60
9.94
-1
Concentration (100µL mL )
Control
2.55±0.67b
1.40±0.73a
2.25±0.73a
2.53±1.16b
1.99±0.31b
2.15±0.91b
Treatment
1.08±0.20a
1.14±0.40a
1.84±0.67a
1.22±0.40a
1.00±0.00a
1.08±0.20a
F(treatment)
56.833**
0.581ns
1.518ns
17.636*
155.086**
17.478*
CV(%)
16.97
41.32
25.54
26.09
8.43
25.01
-1
Concentration (200 µL mL )
Control
2.41±0.89b
1.36±0.54a
2.14±1.22a
1.93±0.48b
1.83±0.40b
2.14±0.24b
Treatment
1.31±0.37a
1.00±0.00a
1.36±0.54a
1.08±0.20a
1.00±0.00a
1.08±0.20a
F(treatment)
12.335*
3.965ns
5.370ns
31.639**
68.263**
178.078**
CV(%)
26.69
24.55
30.20
15.81
11.25
7.78
Means followed by a common letter in the column do not differ from one another by Tukey's test at 5% probability. SE = standard error of the mean, ns = non-significant,
*(P<0.05), **(P<0.001).

the family Poaceae have been conducted by Silva et al.
(2016), who determined the effect of Cymbopogon
-1
winterianus essential oil at a concentration of 50 mg mL on
third-instar S. frugiperdacaterpillars and observed that this
substance affects the development and reproductive
capacity of these insects. Labinas and Crocomo (2002)
offered corn leaves treated with C. winterianus plant oil to
newly-hatched S. frugiperda caterpillars and found that this
substance has inhibitory and repellent action. The studies
carried out by these authors further support the inhibitory
potential of the genus Cymbopogon on the feeding activity
of S. frugiperda caterpillars.

between treated and untreated (control) leaves. However,
this oil possesses relevant antibacterial and antiinflammatory properties. Castelo et al. (2013) analyzed the
chemical composition of M. alternifolia oil and verified that
the molecules like terpinen-4-ol and 1.8-cineol are the
predominant constituents in these substances, responsible
for antimicrobial and irritant activities. However, leaf
sections treated with clove oil, which is in the same family as
the species M. alternifolia, showed caterpillar non-feeding
preference and demonstrated its inhibitory potential on
caterpillar feeding by inducing feeding on untreated leaves
only. This observed effect may be associated with the
presence of the compound eugenol. Silvestri et al. (2010)
studied the chemical composition of E. caryophyllata oil and
verified that eugenol is the major compound (90%), followed
by β-caryophyllene (5%) and eugenol acetate (2%). There are
other studies in the literature that provide examples of the
inhibitory potential of aromatic plants from this family on
pest insects, such as in Alves et al. (2014), Corrêa et al.
(2011), and Hass et al. (2014). Similar to the results obtained
from tea tree, common juniper oil did not interfere with
caterpillar feeding preference as well. This substance has the
molecules α-pinene, β-pinene, sabinene, camphene,
limonene, β-phellandrene, and neomenthol in its
constitution (Porte et al., 2014), whose insecticidal
properties have not been cited in the literature. The
inhibitory action of turmeric oil (family Zingiberaceae)
observed in this study is acknowledged in the scientific
community. The literature data indicate that the chemical
compounds present in this oil may have acted on the
caterpillars by interfering with their feeding and influencing
them to seek untreated leaves. According to Tavares et al.
(2013) this family has an insecticidal action that operates
directly on insect biology. These insecticidal properties are
attributed to the presence of phenolic compounds,
sesquiterpenes, and ketones. The inhibitory action observed
in C. martinii (Poaceae) oil on caterpillar feeding preference
is attributed to the chemical compounds geraniol and
geranyl acetate, present in the substance at concentrations
of 80 and 12%, respectively (Scherer et al. 2009). Other
studies that reported the insecticidal potential of plants in

Materials and Methods
Experiment site
The study was conducted at the entomology laboratory of
Universidade Estadual do Mato Grosso do Sul (UEMS), in the
Cassilândia-MS Unit.
Plant oils used on caterpillars
The plant oils were purchased from specialty company Herb
Workshop – Anvisa number 354340218-477-000401-1-8.
Substances intended for commercialization are pure. The
oils of
Common juniper (Juniperus communis)
(Cupressaceae), clove (Eugenia caryophyllata) (Myrtaceae),
turmeric (Curcuma longa) (Zingiberaceae), tea tree
(Melaleuca
alternifolia)
(Myrtaceae),
palmarosa
(Cymbopogon martinii) (Poaceae), and neem (Azadirachta
indica) (Meliaceae) were used in the tests. These substances
are extracted from the leaves, flowers and stems of these
plants at the concentration of 100.0%. The control group
was composed only of acetone.
Insect rearing and maintenance
Caterpillars were collected from a conventional corn crop
(variety SHS 4070) grown at the Universidade Estadual de
Mato Grosso do Sul campus, in a 400 m² area. The collected
insects were taken to the entomology laboratory and
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maintained in test tubes (2.5 cm diameter, 8.5 cm height)
plugged at the top with cotton, containing one individual per
tube. The caterpillars were fed disinfested (washed in
running water and dipped for 60 seconds in water containing
sodium hypochlorite at 2%) fresh corn leaves. The leaves
were replaced daily.
The caterpillars remained in the rearing vials until the
pupal stage was achieved and were then transferred to PVC
tube cages (30 cm diameter, 40 cm height). The top part of
those tube cages was closed with voile fabric held in place
with wire. Cages were lined with filter paper and placed onto
a plastic tray.
The adults were separated into pairs and maintained in
the same cages to obtain eggs. Adults were fed with a
aqueous honey solution at 10%, imbibed in a cotton wad
and maintained in a 50 mL plastic container. The obtained
eggs were transferred to 1000 mL plastic containers to
obtain caterpillars. As the caterpillars reached the first and
second instars they were utilized in the tests.
st

possess inhibitory action on the feeding activity of first- and
second-instar S. frugiperda caterpillars.
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