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Abstract

Spodoptera frugiperda is one of the most harmful pest threatening crops in tropical regions. It is particularly
difficult to control due to its high polyphagia, mobility and the evolution of resistance. One of the main strategies
enabling this insect to extend its geographic range, is the expression of a wide repertoire of detoxification enzymes,
that neutralizes diverse environmental xenobiotics as well as insecticides. Hence adaptation to particular
ecological niches can lead to different enzyme expression which consequently may affect its control. Even though
the molecular basis of adaption is well known, there is not much applied studies regarding the effect of the
geographic region in S. frugiperda physiology and management. Thus, the objective of this work was to determine
the activity of detoxification enzymes, as well as the susceptibility to insecticides of S. frugiperda from distinct
geographic origins in local hosts plants. Larvae from Pelotas, a region characterized by crop succession with oats
and maize and larvae from Cascavel, which is characterized by highly intensive maize systems thought the year
were used in the experiments. Our study showed that only larvae from Pelotas had increased enzyme activity after
feeding on oat plants. In most insecticide treatments, mortality increased on population Cascavel after feeding on
oats, the same was not observed on larvae from Pelotas. Our results are in accordance with previous studies that
pointed distinct geographic conditions could lead to genetic variability and different responses to control.
Information on S. frugiperda dynamics is essential to develop local management programs as well to better
understand the complex nature of plant-insect interactions.
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1. Introduction

The Fall Armyworm (FAW), Spodoptera frugiperda (Smith, 1797) (Lepidoptera: Noctuidae) is a major pest of
maize (Zea mays L.), sorghum (Sorghum bicolor L.) and rice (Oryza sativa L.) crops (Pogue, 2002). It has a high
dispersion capacity and can feed on more than 80 plant species, including weeds and winter crops, which favors its
adaption thought the year in all tropical and subtropical regions of the American continent and more recently, also
in African and Asian countries (Nagoshi et al., 2008; Goergen et al., 2016; EPPO, 2018). Its main form of control
is through synthetic insecticides and transgenic crops expressing Bacillus thuringiensis Berliner (Bf) proteins.
However, there are already several reports of control failures attributed to the evolution of resistance (Yu et al.,
2003; Monnerat et al., 2015; Nascimento et al., 2016; Yang et al., 2018; Gutiérrez-Moreno et al., 2019).

Resistance to chemical insecticides is mainly caused by enhanced enzymatic detoxification, that sequestrate and
metabolize xenobiotic molecules into non or less toxic forms (Yu et al., 2003; Després et al., 2007). In fact,
enzymatic detoxification is one of the most common defense mechanisms of insects and plants (Després et al.,
2007). This process relies on large superfamilies of enzymes, such as carboxylesterases (CarE),
Glutathione-S-transferases (GSTs) and cytochrome P450 monooxygenases, with varied substrate specificities that
enables insects to catalyze a plurality of different reactions. For that reason, they are pointed as the main
mechanism to mediate resistance to insecticides as well as to plant allelochemicals (Yu, 1991; Després et al., 2007;
Nitao et al., 2003; Hartmann et al., 2005).
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Moreover, the expression of theses enzymes can be influenced by various factors other than exposure to
xenobiotics, such as plant species and diversity in regional zones, developmental stages of insects, and amount and
chemical composition of host plants (Després et al., 2007). This can guide populations to increase the level of
adaptation, and therefore, enhance greater genetic similarity between populations that evolved in the same host
plant or same landscape (Petersen et al., 2001). Hence, the selection pressure over specific detoxification, digestion
and chemosensory genes, can result in genetic variability, especially in highly mobile and polyphagous insects
such as S. frugiperda (Pashley, 1988; Nosil et al., 2002; Martinelli et al., 2007). Being that, it is expected that FAW
from different geographic origins will have different detoxification enzyme expression that can lead to changes in
susceptibility to synthetic insecticides, since these enzymes are also involved in resistance to these molecules
(Wood et al., 1981; Xue et al., 2010).

There are several molecular studies evidencing the role hosts and the geographic distance have on genetic
variability in S. frugiperda populations (Busato et al., 2004; Martinelli et al., 2007; Souza et al., 2015; Gouin et al.,
2017). These authors also report that this could have major impact in economical entomology, as it may lead to
different responses to strategies of control. However, there is not much applied studies regarding how phenotypic
plasticity of FAW populations from different geographic zones can affect this pest physiology and management.
Therefore, the present study, aimed to determine the activity of detoxification enzymes and the susceptibility to
insecticide of S. frugiperda from distinct geographic origins, under different host regimens. This information is
essential to develop more effective strategies for managing this pest and to understand the plant-insect interactions
in any particular region.

2. Material and Methods
2.1 Insect Colonies

Spodoptera frugiperda specimens (n = 300) were collected from the city of Pelotas, Rio Grande do Sul-BR
(Pelotas population) (31°46'19" S, 52°20'34" W) and from the city of Cascavel, Parana-BR (Cascavel population)
(24°36' S, 51°23' W) from leaves and stems of maize plants. They were sent to the Brazilian Agricultural Research
Corporation (Embrapa) in the county of Capao do Ledo, Rio Grande do Sul-BR, where they were individualized
and reared on artificial diet by Greene, Leppla, and Dickerson (1976), according to the methods of Parra (2001)
(25+2 °C, 70+10% RH and 14h10 [L:D] photoperiod).

2.2 Hosts

For this study, oat plants (4vena strigosa) (BRS139 Neblina cultivar) were established as an alternative host, since
in southern Brazil, especially in the Pelotas region, it is a commonly cultivated crop, adopted in rotation and/or
succession with soybeans (Glycine max L.) and maize in the winter (IPARDES, 2018). Oats seeds were sown in
plastic trays (30.0 % 20.0 x 6.00 cm), kept in a refrigerated room at 18 °C, 70% humidity and photoperiod of 10
hours and watered daily. When leaves were about 10-20 cm height they were used in the experiments. Maize plants
(Zea mays) (AG 9045 cultivar) were stablished as the main host. They were sown in 20 L vases, filled with soil and
kept in a greenhouse until stage V3 (40 days after emergence) when they were collected and used in the
experiments.

2.3 Host Plant Regimen

First instar larvae from each population (n = 200) were individually transferred from the artificial diet to 16-well
plastic trays (2.8 x 4.1 x 1.6 cm) (B16-Biossuply) containing maize leaves (5 x 3 cm) to establish the maize-F,
population. After two generations feeding on maize (F; and F,), F, neonates were transferred individually to trays
containing oat leaves, in which they were kept until pupation for two generations (F; and F,). Subsequently, F,
neonates were transferred to maize, in which they were conducted for the last two cycles (Fs and Fg). These insects
were maintained in a controlled environment (2542 °C, 70+10% RH and 14h10 [L:D] photoperiod) until the end of
the experiments. Plant leaves were replaced on a daily basis to avoid excessive water loss.

Bioassays were performed using third instar larvae (~0.9 cm long) collected after two generations in each tested
host (F,-maize, F4-oat and Fg-maize, respectively). Assays were conducted this way, to simulate Brazilian field
conditions, in which S. frugiperda can go through two or three generations (~105 days) in each host from sowing to
harvesting (Figure 1). Larvae from the artificial were used as a control.
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Figure 1. Illustrative scheme of S. frugiperda in an successive/crop rotation in a maize-oats regimen in southern
Brazil. Photo by Indyra Carvalho, 2019

2.4 Biochemical Assay-Enzyme Activity
2.4.1 Tissue Preparation

Tissue homogenates from whole larvae were used as enzyme sources. Third instar larvae (~0.9 cm long) of each
population (n = 24), from the natural hosts (F,-maize, F,-oat, and Fs-maize) and from the artificial diet were placed
in groups of 3 (~40 mg) in Eppendorfs tubes, homogenized in 400 pl of 0.1 M phosphate buffer, pH 7.0 and then
centrifuged at 12,000 g at 4 °C for 15 min. The resulting supernatants were diluted in 400 pL of buffer pH 7.0 (0.1
M), held in ice to reduce proteolysis and used in enzyme assays within 30 min of preparation. Each reaction was
run in triplicate (technical replicate) with eight independent biological replicates. Protein concentrations were
measured by the method of Bradford (1976) with bovine serum albumin (BSA; Sigma Aldrich, St. Louis, MO) as
the standard.

2.4.2 Esterase Activity

Esterase activity was obtained by measuring a-naphthol-Fast Blue B conjugation, according to the methods of
Gomori (1953), and Harold and Ottea (2000). The substrate solution was prepared by adding 600 uL of 1-a
Naphthyl acetate (Sigma Aldrich, St. Louis, MO) (0,113 M, previously dissolved in 50% acetone in water) to a
solution of Fast Blue B salt (90%, Sigma Aldrich, St. Louis, MO) (18 mg in 30 mL of 0.1 M phosphate buffer, pH
7.0), and then filtered using Whatman no. 3 filter paper on ice. The reaction mixtures were placed in individual
wells of a microtiter plate (n = 8) in triplicates containing 240 uL of substrate solution and 10 pL of larval
homogenate, they were incubated at 30 °C, and the rate of change in absorbance during the initial 10 min was
measured at 595 nm (Endpoint) using a microplate reader (Versa-Max, da Molecular Devices) Data were corrected
for non-enzymatic activity using incubations without protein as the control. Changes in OD were converted to
nmol min™ using the a-Naphthyl extinction coefficient (0.075 mM) and corrected by the total protein content.

2.4.3 Glutathione-S-Transferase Activity

Glutathione-S-transferase (GST) activity was assessed by measuring GST conjugative activity with reduced
glutathione (GSH) using 1-chloro2,4-dinitrobenzene (CDNB) as substrate, according to the method of
Hemingway (1998). The working solution was prepared by adding 1 mL of CDNB (21 mM, previously dissolved
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in 1 mL of Methanol) (99%, Sigma Aldrich, St. Louis, MO) to 20mL of GSH solution (98%, Sigma Aldrich, St.
Louis, MO) (61.5 mg in 20 mL of 100 mM phosphate buffer, pH 6.5).

The reaction mixtures were placed in individual wells of a microtiter plate (n = 8) in triplicates, containing 195 mL
of the CDNB/GSH solution and 15 pL of larval homogenate, they were incubated at 25 °C and the rate of change in
absorbance during the initial 20 min was measured at 340 nm (Endpoint) using a microplate reader (Versa-Max, da
Molecular Devices) Data was corrected for non-enzymatic activity using incubations without protein as the control.
The absorbance values were transformed to nmol min™' using the extinction coefficient of CDNB (4.39) and the
spectrophotometer path length (0.6 cm) than corrected by the total protein content.

2.5 Insecticide Efficiency

These biological assays evaluated the susceptibility of S. frugiperda populations from each host (F,-maize, F4-oat
and F¢-maize) and artificial diet to ethofenproxy (Safety™) (300 g i.a. L, pyrethroid), thiamethoxam (141 gi.a. L™,
neonicotinoid) + lambda cyhalothrin (Engeo Pleno®) (106 g i.a. L™, pyrethroid), spinosad (Tracer”™) (480 gi.a. L™,
spinosyns), methomyl (Upmyl®)(215 gi.a. L, oxime methylcarbamate). Insecticides with distinct mode of action
were chosen since rotating mode of actions is a key component in resistance management and integrated pest
management (IPM) strategies. All products and doses used are registered by the Brazilian Ministry of Agriculture,
Livestock, and Food Supply (MAPA, 2019).

Third-instar larvae (~0.9 cm long) of both populations, from each host were conditioned in Petri dishes (9.0 cm in
diameter) (n = 25), for each insecticide treatment (n = 5). This bioassay used the direct contact method, in which
the application of 1mL of the insecticide solution was sprayed in the petri dishes under a Potter Spraying Tower
(Burkard Scientific, Uxbridge, UK) in constant pressure of 10 bar, corresponding to an average deposition of
2.499+0.305 mg cm. Distilled water was used as control. The order of applications was randomized and the
Potter’s tower was washed with 95% alcohol and dried with disposable paper towels from one treatment to another.

After spraying, larvae were individualized in 100 mL polystyrene disposable cups containing each respective host
and were maintained in controlled environment conditions (25+2 °C, 70+£10% RH and 14h10 [L:D] photoperiod),
food was replaced every other day. The number of alive and dead larvae was evaluated daily until 120 hours after
treatment (HAT). The absence of coordinated movements when touched with a fine brush was used as a criterion of
death. Mortality was calculated and corrected in reference to natural mortality in the control using Abbott’s (1925)
formula. According to Abbott (1925), if mortality is greater than 80%, an insecticide can be considered efficient.

2.6 Data Analysis

Esterases and GST activity data were subjected for analysis of variance (ANOVA) followed by Tukey’s multiple
comparison test at a = 0.05. The percentage data for mortality was subjected to ANOVA assumptions for normality
and homoscedasticity (PROC UNIVARIATE) as well as the goodness-of-fit of the models using Chi-square tests.
Then, data were submitted to analysis of variance at 5% of probability by the F test to identify the interaction
between hosts and origin (PROC GLM). Treatment means were separated by Tukey’s test at 5% probability.
Statistical analyses were conducted using the software Statistical Analysis System (SAS) version 9.3.

3. Results
3.1 Esterase Activity

Esterase activity was higher in larvae from Pelotas than in the ones from Cascavel, regardless of the food source
(Figure 2). Larvae fed on maize from Pelotas (F, and F¢) showed significantly lower esterase activity (451.72 nmol
min" mg protein™, std = 24.26 and 387.85 nmol min"' mg protein™, std = 36.15 respectively) when compared to
larvae fed on oat leaves (F4) (787.44 nmol min™ mg protein™, szd = 90.46) and artificial diet (565.34 nmol min™ mg
protein™, std = 44.34) (P < 0.001). On the other hand, larvae from Cascavel had higher esterase activity when fed
on maize (F,) (307.42 nmol min™' mg protein™, std = 36.92 and artificial diet (489.48 nmol min™' mg protein™, std
=120.95) and lowest activity in the last generation on maize (F¢) (154.81 nmol min™' mg protein™, std = 21.94) (P
<0.001).
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Figure 2. Esterase activity (nmol min™' mg protein™) (means=SEM) in Spodoptera frugiperda populations fed on
maize (F,), oats (F,;), maize (F¢) and artificial diet. Means followed by distinct upper letters differ between
populations and lower distinct letters differ between hosts in the same population by Tukey test (P > 0.05)

3.2 Glutathione-S-Transferase Activity

GST was also more active in larvae from Pelotas than the ones from Cascavel, regardless of the food source
(Figure 3). However, larvae fed on oats (F,) from Pelotas showed significantly higher GST activity (22.00 nmol
min”' mg protein™, std =4.63) than the ones fed on maize (F, and Fg) (14.01 nmol min™' mg protein™, std=5.14 and
7.09 nmol min™ mg protein™, std = 0.54) (P < 0.001). Similar results were also obtained from Cascavel larvae, in
which the lowest GST activity was also in the last generation in maize (Fg) (3.62 nmol min" mg protein™, std =
0.22), when compared to the other food sources (P < 0.001). Cascavel population, however, had no significant
difference in GST activity when fed on maize (F,) (09.07 nmol min" mg protein™, std = 1.122), oat leaves (F,)
(10.14 nmol min™ mg protein™, std = 3.38) or artificial diet (11.60 nmol min™' mg protein™, std = 1.89) (P > 0.578).
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Figure 3. GST activity (nmol min" mg protein™) (means=SEM) in Spodoptera firugiperda populations fed on
maize (F,), oats (F4), maize (F) and artificial diet. Means followed by distinct upper letters differ among
populations and lower distinct letters differ between hosts in the same population by Tukey test (P > 0.05)

3.3 Insecticide Susceptibility

The susceptibility of the Cascavel and Pelotas populations to insecticides in response to the diet is shown in Table
1. Mortality between populations varied according to the insecticide tested and the diet. Mortality for methomyl
was high for both populations, especially for insects from the population of Pelotas fed on maize (F,) (100.0%).
However, there is a tendency for the population of Cascavel to be more sensitive to the use of this insecticide. For
the treatment with spinosad, populations fed maize (F,) showed low mortality, for the other food sources the
mortality was higher than 80%, especially for the food maize (F¢), which, regardless of the population, was
observed 100% mortality. For the tested insecticides, etofenproxi had the least effect on the mortality of S.
frugiperda. For the treatment with mortality, the highest mortality was observed for the population of Pelotas, and

181



jas.ccsenet.org

Journal of Agricultural Science

Vol. 14, No. 4; 2022

only for insects fed on maize (F,) the efficiency observed was lower than 80%. For the Cascavel population, the

highest mortality was for oat-fed insects (F4) (72%), but still below recommended (80%).

Table 1. Corrected mortality (%) of Spodoptera frugiperda populations 120 HAT, fed on maize (F,), oats (Fy),

maize (F¢) and artificial diet

Cascavel Pelotas
Mortality (%=+SE)
Methomyl
Maize (F,) 84.00+£0.07 bcB 100.00+£0.20 aA
Oats (Fy) 96.00+0.04 aA 88.00+0.06 bB
Maize (Fg) 92.00+0.05 abA 70.00+0.09 cB
Artificial Diet 76.00+0.08 cA 80.00+0.08 bA
Espinosad
Maize (F,) 12.00£0.06 cA 23.00+0.09 dA
Oats (Fy) 92.00+0.05 bA 72.00+0.09 bA
Maize (Fs) 100.00+0.00 aA 100.00+0.00 aA
Artificial Diet 72.00+0.19 bA 48.00+0.10 cB
Etofenproxi
Maize (F,) 8.00+0.05 cA 00.00+0.00 cB
Oats (Fy) 16.00+0.07 bB 36.00+0.09 aA
Maize (Fg) 64.00+0.09 aA 35.00+0.10 aB
Artificial Diet 16.00 £0.07 bA 8.00+0.05 bB
" Lambda-cyhalothrin + Thiamethoxam
Maize (F,) 52.00+0.19 bA 55.00+0.10 cA
Oats (Fy) 72.00+0.09 aA 84.00+0.07 abA
Maize (Fg) 68.00+0.09 aB 91.00+0.05 aA
Artificial Diet 60.00+ 0.10 abB 72.00+0.09 bA

Note. * Mortality (%) values within a line followed by the same upper letter are not significantly different (F test, P>
0.05).

® Mortality (%) values within a column followed by the same lower letter are not significantly different (Tukey’s
test, P> 0.05).

4. Discussion

Oat plants produce important secondary metabolites in its vacuoles, such as flavonoids and saponisins, which are
known to be strong inducers of detoxification enzymes in S. frugiperda, even at low concentration levels (Maizel
et al., 1964; Wheeler et al., 1993; Bahraminejad et al., 2017). In addition to that, previous biological studies
indicated that oats were suitable for S. frugiperda development, with survival rates, pupal weight, larval and pupae
biomass very similar to the ones observed in maize and artificial diet (Dias et al., 2016; Silva et al., 2017).
Therefore, it is consequently expected that this food source could decrease susceptibility to insecticide by
activating or stimulating its main detoxification mechanism as well as being chemically balanced to favor
resilience to stressful conditions in this species.

However, our data showed that enzymatic response to the host plant and insecticide susceptibility varied greatly in
larvae from distinct geographic origins. We observed increased enzyme activity in population Pelotas when fed on
oats, which is in accordance with other studies in which flavones (abundant secondary metabolite in oat leaves)
induced GSTs and Esterases (Wheeler et al., 1993; Giraudo et al., 2015). In contrast, enzyme activity in population
from Cascavel had no significant increase when fed on maize (F,) or oats (F4). Therefore, if allelochemicals were
responsible for enzyme induction, it was triggered by different mechanisms and/or had different sensitivity levels
in each population.

This result can be attributed to prior feeding experience of Pelotas larvae on regional host plants as well as the
effect of environmental conditions inherent by it, since comparable selection pressure can occur across crops,
increasing overall selection pressure for resistance (Roush, 1989; Golikhajeh et al., 2017). Pelotas-RS, is located in
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the extreme southern Brazil, in a region known as lowlands, these areas have a very particular climate, with high
pluviometry rates and low temperatures in the winter, that makes its cropping systems very different from the rest
of the country. It is also more geographically closer to Argentina and Uruguay than to most Brazilian states, which
may limit the genetic flux among other Brazilian populations.

In Lowlands rice crops are predominant in the landscape and maize is used only as an alternative to crop
rotating/succession systems aiming to control weeds and diseases. Another common practice is the adoption of
cover crops in the winter, such as oats (Avena strigosa) birdsfoot trefoil (Lotus maizeiculatus L.) and rye-grass
(Lolium multiflorum L.) (ASRGC, 2016). In contrast maize crops from Cascavel, PR, are characterized by highly
mechanized systems throughout the year, with cover crops used in rotation only by small and medium scale
farmers (IPARDES, 2018). S. frugiperda from this region, are also located next to other production landscapes
from Brazil, with more favorable climate conditions, which can favor its migration and the genetic flow to these
regions.

S. frugiperda from Pelotas have to metabolize a wider set of hosts under a very specific climate condition, which
may have led to greater fitness on regional host plants where they were collected (Percy & John, 2007, Singer &
McBride, 2009). Local adaptation is an evolutionary process that facilitates an organism’s survival in a particular
environment (Golikhajeh et al., 2017). Insects can up or down regulate detoxification enzymes when they
encounter unfavorable conditions, as well as other important physiological pathways, like digestion, by
overexpressing proteases and a-amylase in the larval midgut, for example, that may enable the insect to overcome
the stressful scenario (Glendinning, 2002; Golikhajeh et al., 2017)

Hence, a good fitness of larvae in a local host, may be one of the factors influencing resilience to toxic compounds,
such as synthetic insecticides. As observed in this study, mortality is significantly associated with the insecticide
used, the population of Cascavel was more susceptible to the insecticide metomyl, while the population of Pelotas
was more susceptible to the insecticides etofemproxy and lambda-cialotrian+tiamethoxam. These differences may
be associated with the resistance of populations resulting from the selection pressure of each environment.
Significant differences in susceptibility among Pelotas and Rattlesnake were observed when larvae were reared on
the artificial diet, indicating that the host plant could have influenced insecticide performance.

Therefore, these high levels of enzymes in Pelotas larvae when fed on oats may be part of an overall fitness and
adaption to its landscape, which can contribute to the restructuring of high densities of this pest in the field in the
absence of maize, even when control measures are applied. The same effect is not expected in population Cascavel,
since oats seemed to have had a detrimental or no effect on the insect resilience to insecticide, in spinosad,
etofenproxi, and methomyl treatments, mortality increased over 80.0% after feeding on oat plants, that also
influenced insecticide performance on the subsequent generations on maize (Fy).

Managment of this pest in different agrosystem is another important aspect that can have influenced our results.
Over-expression of esterases, GST and P450s genes as well as mutations are common in insecticide resistant
populations (Li, Schuler, & Berenbaum, 2007). Considering the different origins of the larvae in this study, the low
insecticide efficiency and the increased enzyme activity in population Pelotas could be due to the evolution of
resistance to these products, as a result of the selection pressure in its local agrosystem. An interesting point, is that
if resistance is evolving in these populations, it can be probably host dependent since insecticide efficiency varied
in great extension when host plants were altered, this is one great strategy to investigate for resistance
management.

In fact, resistance is commonly pointed as being a result of elevated levels of enzymes to model subtracts and/or
constitutive overexpression of these genes in resistant strains. Since most pesticides in use are esters of substituted
phosphoric, carbamic or cyclopropane carboxylic acids, they can consequently be subject to degradation by P450s,
Esterases and GSTs (Devonshire, 1991). However, demonstrating a direct link between them, is not that simple. S.
frugiperda genome has about 117 CYP (encoding for P450s enzymes), 46 GST and 96 EST genes, each of them
encodes for a different enzyme, that can catalyze a very specific reaction or a number of them, depending on
subtract specifity, isoforms and its relation to other enzyme pathways (Feyereisen, 1999; Yu, 2002; Gouin et al.,
2017).

There are cases in which the defense mechanism to metabolites from a pest to their host plant is also used in
defense to other toxic chemicals. For example, the cotton bollworm (Helicoverpa armigera) tolerant to gossypol
has high midgut P450 enzyme activities that enhance tolerance to deltamethrin (Tao, Xue, Huang, Chen, & Mao,
2012). S. littoralis and S. exigua induces the same CYP genes with plant compounds (quercetin, cinnamid acid,
tannin) and synthetic insecticides (deltamethrine, methoxyfenozide) (Wang et al., 2018). Hence, in the present
study we are cautious to make a direct link of resistance and increased enzyme activity.
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Furthermore, there is a number of studies evidencing molecular variation among geographic populations, mostly
linked to host plant adaptions, however how this impact applied studies, regarding control and management has
been very little explored (Johnson, 1987; Busato et al., 2004; Martinelli et al., 2007; Souza et al., 2015). Souza et al.
(2015) particularly interested us, they demonstrated a significant effect of the geographic isolation in the genetic
variability among six populations of S. frugiperda from Brazilian regions, among them were larvae from Pelotas
and Cascavel. By clustering and population structure analyses using SSR markers, they identified two major
distinctive groups, one of them composed by Cascavel and four other populations, and the other represented only
by larvae from Pelotas. They pointed that the genetic distance observed in the dendrogram for this two major group
was significantly associated with the geographic distance, probably due to growing conditions and distinguished
biome. It was also suggested that S. frugiperda from Pelotas may be affected by a putative geographical isolation
and for that, gene flow is limited. This corroborates with our data and may indicate that specific control tools to the
FAW especially for Pelotas population, may be needed.

Additionally, even though the focus of the present work was not to qualify or quantify allelochemicals in local
hosts, it would be interesting to explore this in future research. Especially because these compounds can be used in
local pest management strategies or even in plant breeding programs. There are a number of studies exploring
plant allelochemicals such as phenols and a, B-unsaturated carbonyl compounds that can inhibit GSTs and CarEs in
the FAW and increase insecticide toxicity (Yu & Abo-Elghar, 2000; Bullangpoti et al., 2012). There are also a
number of studies demonstrating the opposite effect, in which allelochemicals present in the diet, such as
monoterpenes and flavonoids stimulated these enzymes, enabling S. frugiperda to be more tolerant to insecticides
(Yu & Ing, 1984; Caballero et al., 2008; Ofosuhene et al., 2009; Giraudo et al., 2015). In either way, this
information has exploitation potential in local programs.

To conclude, our study showed that susceptibility of FAW larvae to insecticides was influenced to a greater extent
by the host plant. The pattern and intensity of this influence in enzyme activity, though seemed highly dependent
on this pest life history in the region where they were collected. That being the case, we suggest that the variation
of detoxifying enzyme’s activity and susceptibility to insecticides among different geographical populations were
a result of past environmental interactions. Nevertheless, to obtain more knowledge regarding the geographic
effect on this pest’s physiology, more studies on genetic variation and biological parameters on local hosts are
needed. This information can contribute to our knowledge of the highly complex nature of plant-herbivore
interactions and can support the development of local and regionally adapted control programs.
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