
Efficacy of Selected Insecticides in Combination with Economic
Thresholds in Managing Fall Armyworm (Lepidoptera:
Noctuidae) Larvae in Maize Grown in Mexico1

Manuel Alejandro Tejeda-Reyes2, J. Concepción Rodrı́guez-Maciel3, José
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Abstract In Mexico, conventional insecticides are the main tools used to manage the fall
armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), in maize, Zea mays
L. This scenario results in the need to continually assess the biological efficacy of insecticides
used to combat this pest. In this study, we evaluated the efficacy of insecticides with different
modes of action in diverse locations under different levels of S. frugiperda larval infestation.
The insecticides evaluated decreased larval density per plant to levels below the
recommended economic threshold (ET) of 2.0 larvae per 10 plants (0.2/plant), resulting in
decreased levels of damage to the plant whorl. When applied at infestation levels below the
ET, larval numbers remained below the ET for at least 7–14 d after application. In contrast,
when applied with infestation levels above the recommended ET, the performance of some
insecticides in terms of effectively reducing larval density decreased. We, however, found that
CoragenT (chlorantraniliprole; FMC Agroquı́mica de México), ClavisT (thiodicarb þ
triflumuron; Bayer de México), and PleoT 50 EC (pyridalyl; Valent de México) can be used
under these conditions to provide adequate protection up to 21 d after application. The
information obtained in our experiments confirms the need to adjust the current ET depending
on the type of compound to be used, since the insecticides used performed more efficiently
and for a long time at densities lower than 2.0 larvae per 10 plants.

Key Words invasive pest, pest management, chemical control, fall armyworm, economic
threshold

Maize, Zea mays L., is the most extensively cultivated crop in Mexico. Yearly,

more than 7 million ha are in maize production, representing about 30% of the total
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cultivated area in Mexico (SIAP 2022). The most important pest of this crop is the

fall armyworm, Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), which

can cause yield losses .20% (Andrews 1980, Day et al. 2017, Sisay et al. 2019a).

The fall armyworm is polyphagous, reportedly feeding on approximately 300 plant

species; however, its greatest impact is on maize and sorghum (Sorghum bicolor

(L.) Moench) (Andrews 1980, Montezano et al. 2018).

Management of the pest is a challenge for maize production in different regions

of the world (Blanco et al. 2016, Day et al. 2017, Li et al. 2021). Combating this pest

involves timely implementation of diverse and effective management strategies.

The use of these strategies should be supported by objective evaluations of their

ability to protect the crop to avoid unnecessary expenditures and prevent major

economic losses resulting from pest infestations. The development of an effective

strategy involves knowledge of the biological effectiveness of the available tools to

enable use of only those that maintain pest density at a tolerable level. In Mexico,

crop preemergence recommendations include impregnating the seed with

insecticides before planting and the use of traps baited with sex pheromones to

monitor population density days before crop emergence (CIMMYT 2016, PROVIVI

FAW 2022, Syngenta México 2022). After crop emergence, sampling for larvae

every 5–7 d is recommended to estimate S. frugiperda larval density. Insecticide

application is recommended when the percentage of infestation is �20% of at least

100 randomly selected plants per hectare (Cortez-Mondaca and Rodrı́guez-Cota

2012, McGrath et al. 2021). Worldwide, the use of conventional insecticides is the

main tactic used against this pest (Blanco et al. 2010, Gutiérrez-Moreno et al. 2019,

Martinelli et al. 2006); however, development of resistance in fall armyworm

populations is a major limitation (Gutiérrez-Moreno et al. 2019, León-Garcı́a et al.

2012) and, thus, should be deployed judiciously.

It is necessary to monitor the biological effectiveness of insecticides used to

combat this pest under different levels of infestation. This information can be used

to promote the most efficacious products and practices to benefit maize growers.

Therefore, the objective of this study was to evaluate in the field the biological

efficacy of selected commercially available insecticides authorized for use in

Mexico in the integrated pest management (IPM) of the fall armyworm under

infestation levels above and below the recommended economic threshold (ET).

Materials and Methods

Insecticides. Eight commercially available insecticide formulations were evalu-

ated (Table 1). These products were selected for their frequency of application by

growers to control fall armyworm and also represented active ingredients with

different modes of action recently approved for use in Mexico. Only two of those

products were not authorized for use in maize: AptaT (tolfenpyrad; FMC Agroquı́mica

de México, Jalisco, Mexico) and XentariT (Bacillus thuringiensis Berliner subsp.

aizawai; Valent de México, Jalisco, Mexico). The biological activity of the former on

lepidopteran insects is unknown, whereas the latter is authorized for the control of

lepidopterans in a number of vegetable crops in Mexico (Valent 2022).

Tests. Six experiments were conducted in 2021 and 2022 at different locations

and with different conditions. Locations, GPS coordinates, plant growth stage, pest
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density, test initiation date, number of insecticide applications, and water volume

applied for each test are listed in Table 2. Each test was established as a

randomized complete block design with four replications per treatment (including a

control with no insecticide applied). Plots were five rows wide planted on 0.8-m

centers and 5 m long. Each row had a mean of 150 plants. The three center rows of

each plot were used for sampling larval density and damage.

Insecticides were applied using a motorized ArimitsuT (SD-260D; Anoka, MN)

sprayer equipped with a full-cone nozzle TG-2 at a pressure of 827 kg/cm2 (120

psi ). Spray was directed over the plant whorls at a distance of 25 cm. The nonionic

adjuvant InexT-A (Cosmocel S.A., División Agrı́cola, Nuevo Leon, México) was

applied at 0.1% (v/v) with each treatment.

The number of fall armyworm larvae within each plot was determined before

each insecticide application and at 7, 14, and 21 d after the last application (DAA).

For each sample, 10 randomly selected plants were inspected for larvae. The

number of live larvae per plant per plot was recorded. The last sample for each test

(21 DAA) included determining the foliar damage severity rating for each plant

sampled. This rating was based a modified scale originally proposed by Davis and

Williams (1992) (Table 3). Protection of the three youngest leaves also was

considered because of the fall armyworm habit of feeding on the heart of the plant,

affecting the integrity of these young leaves. This served as indicator of the residual

effect that treatments might have on larval populations.

Statistical analysis. Statistical analyses were conducted for each separate test

because of the variation in the test conditions. For each test, the data were

subjected to analysis of variance (PROC GLM; SAS Institute 2016). Where

statistically significant (P ¼ 0.05), treatment means were separated by Tukey’s

honestly significant differences (hsd) method. Prior to the analysis, the data were

transformed to the function Log10(x þ 1), and the results were expressed in the

original units. The data on foliar damage severity in the young leaves (categorical

variable) were subjected to an analysis of variance and analyzed with the

nonparametric Friedman test (P¼ 0.05). The average damage rating per treatment

was used to classify the level of damage as high (.1.0), moderate (0.5–1.0), or low

(,0.5).

Results

Test 1. Prior to application of insecticides, fall armyworm larval density was

uniform and not statistically different among the treatment plots, and all met or

exceeded the recommended ET of 2.0 larvae per 10 plants (Table 4). At 7 DAA,

treatments with CoragenT (chlorantraniliprole; FMC Agroquı́mica de México),

ExaltE (spinetoram; CORTEVA, Jalisco, Mexico), PleoT 50 EC (pyridalyl; Valent de

México), and ClavisT (thiodiocarb þ triflumuron; Bayer de México, Ciudad de

Mexico, Mexico) had significantly lowered larval density by 79–90% below that of

the untreated control (4.2 6 0.9 per 10 plants). Larval density at 14 DAA remained

significantly lower than the untreated control in treatments with Coragen, Exalt,

Pleo, and Clavis. Treatment with BeltT 480 SC (flubendiamide; Bayer de México)

and KarateT Zeon 5 CS (lambda cyhalothrin; Syngenta Agro, Ciudad de Mexico,

Mexico) also significantly reduced larval density below that of the untreated control,
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but those larval densities exceeded the recommended ET. At 21 DAA, numbers of

larvae were significantly lower than the untreated control (6.7 6 1.4 per 10 plants) in

treatments with Coragen, DenimT 19 CE (emamectin benzoate; Syngenta Agro),

Exalt, Pleo, Clavis, and Belt. Numbers were below the ET only in treatments with

Coragen and Clavis; however, those larval densities did not differ statistically from

the other insecticide treatments. XenTari failed to significantly lower larval

infestations over the 21-d sampling period (Table 4).

Table 3. Visual rating scale of foliar damage caused by fall armyworm, as
modified from Davis and Williams (1992).

Rating Younger Leaf Two Adjacent Leaves

0 No leaf damage No leaf damage

1 No leaf damage Pinholes, circular and elongated
lesions of up 2.0 cm in length

2 No leaf damage Circular and elongated lesions
greater than 2.0 cm in length

3 With damage (pinholes, circular
or elongated lesions, or
totally destroyed)

Pinholes, circular and elongated
lesions

Table 4. Mean (6 SEM) number of fall armyworm larvae per 10 whorl-stage
maize plants at 0, 7, 14, and 21 d after a single application (DAA) of
insecticide, Yautepec, Morelos, Mexico, in February–March 2021.*

Treatment 0 DAA 7 DAA 14 DAA 21 DAA

Control 2.9 6 0.3 a 4.2 6 0.9 a 5.7 6 1.2 a 6.7 6 1.4 a

CoragenT 3.0 6 0.3 a 0.4 6 0.4 b 1.4 6 0.6 c 1.4 6 0.6 b

DenimT 19 CE 2.0 6 0.3 a 1.2 6 0.6 ab 2.2 6 0.6 c 2.5 6 0.6 b

ExaltE 3.2 6 0.8 a 0.9 6 0.3 b 1.9 6 0.5 c 2.7 6 0.8 b

PleoT 50 EC 3.2 6 0.3 a 0.6 6 0.7 b 1.6 6 0.3 c 2.3 6 0.5 b

ClavisT 3.5 6 0.3 a 0.7 6 0.3 b 1.4 6 0.3 c 1.6 6 0.5 b

XenTariT 2.4 6 0.7 a 2.2 6 0.3 ab 4.2 6 0.5 ab 3.5 6 0.3 ab

BeltT 480 SC 2.9 6 0.5 a 1.2 6 0.9 ab 2.5 6 0.9 bc 2.1 6 1.1 b

KarateT Zeon 5 CS 2.7 6 0.4 a 1.8 6 1.0 ab 2.5 6 1.1 bc 3.7 6 0.9 ab

Probability (P) 0.2706 0.0009 ,0.0001 0.0002

* Treatment means within a column followed by the same lowercase letter are not significantly different (P¼
0.05, Tukey’s hsd test).
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Foliar damage, as indicated by the visual rating scale at 21 DAA, was greatest in
the untreated control (Fig. 1). Damage caused by fall armyworms differed
significantly (F ¼ 11.84; df ¼ 8, 35; P ¼,0.0001) among the treatments. Coragen
and Clavis exhibited the lowest level of damage, but those two treatments did not
differ statistically from Belt, Pleo, Exalt, and Denim in side-by-side comparisons.

Test 2. Prior to application of the treatments, mean larval density did not differ
statistically among the plots with the control having 1.4 6 0.3 larvae per 10 plants.
At 7 DAA, larval density in the control (3.4 6 0.5 larvae per 10 plants) was
significantly higher than the larval densities in each of the eight insecticide

treatments, which maintained larval density below the ET. At 14 DAA, XenTari was
the only treatment with a level of infestation above the ET. By 21 DAA, the ET was
exceeded in treatments with XenTari and Karate, which did not differ statistically
from levels in the untreated control (Table 5). Foliar damage also was significantly
higher (F¼9.00; df¼8, 35; P¼,0.0001) in the untreated control and in treatments

with XenTari and Karate Zeon 5 CS. The least damage was recorded with Coragen
(Fig. 2).

Test 3. As in the previous two tests, larval infestation did not differ among the
plots prior to application of the treatments. All the insecticide treatments maintained

larval infestations below 1.7 larvae per 10 plants at 7 d after the first application
(DA1A), while the untreated control had 4.7 6 0.5 larvae per 10 plants. At 7 d after
the second application (DA2A), larval infestations in all the insecticide treatments
were at or below 1.4 larvae per 10 plants, whereas the untreated control had 6.2 6

0.6 larvae per 10 plants. By 14 DA2A and 21 DA2A, the XenTari and Karate
treatments had �2.5 larvae per 10 plants and �3.6 larvae per 10 plants (Table 6).

Fig. 1. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after one application of
insecticide (Yautepec, Morelos, Mexico, in February–March 2021).
Bars with the same lowercase letter are not significantly different (P¼
0.05; Friedman’s test).
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Table 5. Mean (6 SEM) number of fall armyworm larvae per 10 whorl-stage
maize plants at 0, 7, 14, and 21 d after a single application (DAA) of
insecticide, Cocula, Guerrero, Mexico, in May–June 2021.*

Treatment 0 DAA 7 DAA 14 DAA 21 DAA

Control 1.4 6 0.3 a 3.4 6 0.5 a 5.2 6 0.5 a 5.7 6 0.5 a

CoragenT 1.7 6 0.3 a 0.2 6 0.2 b 0.4 6 0.3 b 0.7 6 0.3 d

DenimT 19 CE 1.0 6 0.0 a 0.0 6 0.0 b 0.9 6 0.4 b 1.4 6 0.3 bcd

ExaltE 1.7 6 0.3 a 0.2 6 0.2 b 1.2 6 0.3 b 1.7 6 0.3 bcd

PleoT 50 EC 1.2 6 0.3 a 0.2 6 0.2 b 1.2 6 0.3 b 1.6 6 0.5 bcd

ClavisT 2.0 6 0.0 a 0.0 6 0.0 b 0.7 6 0.3 b 1.0 6 0.6 cd

XenTariT 1.2 6 0.3 a 0.7 6 0.3 b 2.1 6 0.5 ab 3.4 6 0.6 ab

BeltT 480 SC 1.2 6 0.3 a 0.4 6 0.3 b 0.6 6 0.5 b 1.4 6 0.3 bcd

KarateT Zeon 5 CS 1.0 6 0.0 a 0.4 6 0.3 b 1.9 6 0.4 ab 2.9 6 0.4 abc

Probability (P) 0.2840 ,0.0001 0.0001 ,0.0001

* Treatment means within a column followed by the same lowercase letter are not significantly different (P¼
0.05, Tukey’s hsd test).

Fig. 2. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after one application of
insecticide (Cocula, Guerrero, Mexico, in May–June 2021). Bars with
the same lowercase letter are not significantly different (P ¼ 0.05;
Friedman’s test).
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Correspondingly, the XenTari and Karate treatments, along with the untreated
control, had significantly greater (F¼ 18.56; df¼ 8, 35; P¼,0.0001) foliar damage
than the other six insecticide treatments (Fig. 3).

Test 4. An overall average of 1.9 larvae per 10 plants infested the plots of this
test prior to the first application of the treatments. By 7 DA1A, the numbers of larvae
in the untreated control reached 6.0 6 0.4 larvae per 10 plants, while each of the
insecticide treatments had �1.0 larvae per 10 plants. At 7 DA2A, all the insecticide
treatments maintained the infestation level �0.9 larvae per 10 plants, while the
untreated control reached 7.0 6 0.4 larvae per 10 plants. At 14 and 21 DA2A, the
XenTari and Karate treatments had infestation levels above ET but significantly
lower than the untreated control (Table 7). Foliar damage was significantly greater
(F¼ 13.27; df¼ 8, 35; P ¼,0.0001) in the untreated control and the XenTari and
Karate treatments than the remaining six treatments (Fig. 4).

Test 5. The average level of infestation per plot before the first application of the
treatments was 3.3 larvae per 10 plants. In all the evaluations, statistically
significant differences (P , 0.05) were observed. At 7 DA1A and 7 DA2A, XenTari,
Apta, and Karate were unable to reduce infestation levels below the recommended
ET of 2.0 larvae per 10 plants. At 14 DA2A, larval numbers in the XenTari, Apta,
Belt, and Karate treatments exceeded the recommended ET. By 21 DA2A, only
Coragen, Denim, Pleo, and Clavis maintained infestations of ,2.0 larvae per 10
plants (Table 8). The greatest level of foliar damage was observed in the Apta,
XenTari, and the control treatments (Fig. 5).

Test 6. Before the first application, the overall average infestation was 0.70 larvae
per 10 plants. After the first application, statistically significant differences were found

Fig. 3. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after two applications of
insecticide (Yautepec, Morelos, Mexico, in March 2021). Bars with the
same lowercase letter are not significantly different (P ¼ 0.05;
Friedman’s test).
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Fig. 4. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after two applications of
insecticide (Cocula, Guerrero, Mexico, in July–August 2021). Bars with
the same lowercase letter are not significantly different (P ¼ 0.05;
Friedman’s test).

Fig. 5. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after two applications of
insecticide (Yautepec, Morelos, Mexico, in March–April 2022). Bars
with the same lowercase letter are not significantly different (P¼ 0.05;
Friedman’s test).
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among the treatments (P¼0.05). Up to 14 DA2A, the insecticide treatments exhibited
an infestation level of �1.20 larvae per 10 plants. At 21 DA2A, the treatments with
Exalt, Belt, and XenTari resulted in infestation levels of .2.0 larvae per 10 plants
(Table 9). Treatments with Coragen, Clavis, and CaronteT (Helm de Mexico S. A.,
Estado de Mexico, Mexico)þClavis exhibited significantly less (F¼3.98; df¼8, 35; P
¼ 0.0004) foliar damage than the untreated control (Fig. 6).

Discussion

IPM in agriculture, within an economic and social scenario, involves the use of
different tactics that are aimed at reducing losses caused by pests (Ahissou et al.
2021). Of these tactics, insecticides have an important role in reaching this goal
(Oerke 2006). However, the constant use of the same type of insecticides can lead
to significant decreases in target pest susceptibility (Georghiou 1994). To prevent or
mitigate this problem, information should be continually generated on the response
of insect pests to insecticides, with the objective of providing growers with effective
management options.

Except for the insecticide Apta used in one test, all the active ingredients applied
in the different tests maintained fall armyworm infestations below the recommended
ET of 2.0 larvae per 10 plants for at least 7 d after application. This efficacy was
reflected in the decrease in foliar damage caused by the pest. The diverse
scenarios in which the experiments were conducted confirm that the moment of
insecticide application is an important factor in managing fall armyworm. Our results
indicate that at low levels of infestation, the performance of the insecticides

Fig. 6. Mean foliar damage, as indicated by a visual rating scale, in whorl-
stage maize caused by fall armyworm 21 d after two applications of
insecticide (Metztitlán, Hidalgo, Mexico, in March–April 2022). Bars
with the same lowercase letter are not significantly different (P¼ 0.05;
Friedman’s test).
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increased (Tables 5, 7, 9) relative to applications with infestation levels of �2.0

larvae per 10 plants (Tables 4, 8).

The success in executing a management tactic depends considerably on its

timely application. Therefore, it is an important factor in integrated management of

diverse agricultural pests (Myers et al. 2005, Viteri and Linares-Ramı́rez 2022, Viteri

et al. 2019). Our results indicate that it is important to apply an insecticide before fall

armyworm reaches an infestation level of 2.0 larvae per 10 plants. If a measure is

not executed in a timely manner, alternatives diminish in terms of the number of

insecticides capable of adequately reducing fall armyworm densities to levels that

will not result in significant yield reduction. The lack of attention to the relationship

between fall armyworm density and the possibility of satisfactory management of

the pest using authorized insecticides may lead the grower to use additional

insecticides. This could have economic consequences and risks for the

environment as well as for human health.

In Mexico, growers base their management of the fall armyworm on insecticides

(Gutiérrez-Moreno et al. 2019). The use of emamectin benzoate, chlorantraniliprole,

and spinetoram perform well and are frequently used. These products are applied at

least twice in early stages of the crop, with the goal of decreasing the infestation

levels, and once after spiking. However, there are other little publicized

management options that can provide alternatives in efficient management of fall

armyworm. Moreover, they can be important components in programs of insecticide

resistance management used in the control of this lepidopteran pest.

Chlorantraniliprole (Coragen) is an active ingredient of frequent use in the main

maize-growing regions of Mexico. We evaluated it in all the tests, and plots treated

with it showed low levels of infestation and damage in young leaves. It is a product

that activates the ryanodine receptors, permitting the unregulated release of

calcium. Consequently, the muscle fibers contract, producing rigid muscular

paralysis, decreased feeding, and death of the insect (Cordova et al. 2006). This

compound is registered for the control of diverse species of lepidopterans

worldwide. Our results show its potential for controlling S. frugiperda. One

application of this product, regardless of the level of fall armyworm infestation,

provided protection for at least 21 d after application. Similar results have been

obtained in other studies (Deshmukh et al. 2020, Sisay et al. 2019b). However, this

level of performance may also be its principal downfall since inadequate use by

growers can lead to repeated use of this active ingredient, creating an ideal

scenario for developing resistance in fall armyworm populations. Therefore, we

should complement it with other management alternatives to delay the onset of this

scenario.

The commercial product Denim contains emamectin benzoate, which acts on the

insect nervous system, allosterically modulating the chlorine channels that depend

on glutamate (IRAC 2022). In Mexico, it is frequently used to combat the fall

armyworm. This insecticide exhibited efficient control when applied on infestations

of 2.0 larvae per 10 plants (Tables 5, 7, 9) and provides a period of protection of up

to 21 d after application. However, in experiments conducted with high initial

infestation, this period decreased to 14 d after one or two applications (Tables 4, 8).

Therefore, we can infer that the best time to use this product should be before the

level of infestation reaches the recommended threshold for insecticide application.
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Similar results have been reported in other field experiments (Deshmukh et al.
2020, Sisay et al. 2019b, Viteri and Linares-Ramı́rez 2022).

Spinetoram is an active ingredient that acts on the insect nervous system,
allosterically modulating the nicotinic receptor of acetylcholine (IRAC 2022). In
Mexico, it is sold under the commercial brands Exalt and PalgusT. This insecticide
performed similar to that of emamectin benzoate. When it is applied at low
infestations (Tables 5, 7, 9), it provides protection for 21 d. But, if it is applied with
infestations of approximately 3.0 larvae per 10 plants, this period decreases to 14 d.
Therefore, application is timely when there is an average of 2.0 larvae per 10 plants.
Similar findings have been reported by Sisay et al. (2019b), Deshmukh et al. (2020),
and Nonci et al. (2021).

In 2018, Valent de México launched the product Pleo 50 EC, which contains the
active ingredient pyridalyl, on the Mexican market. The mode of action of this
product is unknown (IRAC 2022), but it is registered for use against fall armyworm
and has shown acceptable biological efficacy in the control of lepidopteran larvae,
such as the diamondback moth, Plutella xylostella (L.) (Lepidoptera: Plutellidae),
and the beet armyworm, Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae)
(Chakraborty and Somchoudhury 2011, Palumbo 2005), in economically important
crops. This active ingredient showed protection for 21 d regardless of the initial
infestation level, making it an additional option for fall armyworm management in
maize.

Recently, in 2020, Bayer de México placed the commercial product Clavis on the
Mexican market. This product contains a mixture of the insecticides thiodicarb (a
carbamate insecticide that acts on the insect nervous system, inhibiting the enzyme
acetylcholinesterase) and triflumuron (a compound that belongs to the group of
benzoylureas and inhibits biosynthesis of chitin) for the control of the fall armyworm
in maize and sorghum (BAYER 2022, IRAC 2022). This product performs notably
well in the control of fall armyworm. Regardless of the initial level of infestation, its
application resulted in levels of infestation below 1.6 larvae per 10 plants throughout
all the evaluations. These results place it, like chlorantraniliprole, among the most
effective treatments for fall armyworm control in maize. Moreover, plots treated with
these insecticides consistently showed a lower level of damage to maize foliage
(Figs. 1–6). For this reason, it is a promising tool for S. frugiperda management and
is a good candidate for inclusion in fall armyworm resistance management
programs.

The growing need to use management tactics with an environmentally friendly
approach leads to integrating into pest control low-impact products such as XenTari
formulated with B. thuringiensis subsp. aizawai, which has shown activity against
fall armyworm in the laboratory and the field (dos Santos et al. 2009, Lara-Becerra
et al. 2021). However, we found valuable results related to the timely application of
this insecticide that acts on the lepidopteran digestive system (IRAC 2022). One
application of XenTari at an initial level of 3.7 larvae per 10 plants did not decrease
the fall armyworm infestation level 7 d after application (Table 8). This is attributed
to larva excreta, which obstructs insecticide access to fall armyworm feeding sites.
Consequently, the larvae of this species consume a sublethal amount of the applied
product when they feed. When it was applied in conditions of low infestation (Tables
5, 7, 9), we observed improved performance, with protection lasting between 7 and
14 d. This level of protection is valuable, despite the inferior results, relative to those
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obtained with application of conventional insecticides. Another possible explanation
of the low effectivity of this product is that the young leaves are exposed to high
incidence of solar radiation, adversely affecting the viability of this product (Cohen
et al. 1991, Leong et al. 1980). The active growth of the plant may also have an
influence in the low efficacy since the contact nature of this product entails leaving
the new plant tissue of the shoot unprotected and product residue is reduced.
Therefore, its use should be restricted to when infestation levels are low.

Flubendiamide is a diamide available in the market for fall armyworm
management under the commercial name Belt. This product provided protection
up to 14 d after application. However, we observed that its use in infestation levels
.2.0 larvae per 10 plants (Tables 4, 8) may lack biological efficacy.

Traditionally, management of the fall armyworm in Mexico concentrated on the
use of organophosphates and pyrethroids, especially chlorpyrifos and lambda
cyhalothrin, respectively. Lambda cyhalothrin is sold in Mexico under the name
Karate. This product maintained acceptable control up to 14 d when it was used
with low infestations (Table 5). However, when it was applied at infestations higher
than the recommended threshold, its period of protection decreased to 7 d (Table
4). This also was reflected in the level of damage to the plant. It is likely that
performance of this type of compound is affected by solar radiation in the field
(Fernandez-Alvarez et al. 2007). Despite this, considering its limitations, its
integration into fall armyworm resistance management should be considered.
However, we should take precautions with this type of compound because of the
demonstrated biological activity it can have against nontarget organisms, such as
predators and parasitoids (Tillman and Mulrooney 2000).

The insecticide tolfenpyrad (Apta) acts as an inhibitor of electron transport in the
mitochondrial complex I (IRAC 2022). At present, it is not registered for use in maize
for fall armyworm control in Mexico, but it is recommended for control of sucking
insects in potato (Solanum tuberosum L.), chili (Capsicum annuum L.), and tomato
(Solanum lycopersicum L.) (FMC 2022). This active ingredient did not exhibit
biological activity against fall armyworm, with infestation levels similar to those of the
control. Therefore, its use is not recommended for management of fall armyworm.

At the Metztitlán site, we conducted an initial application of Caronte and, 7 d
later, an application of Clavis. This sequence maintained the infestation level at
,0.9 larvae per 10 plants 21 d after the last application. These results point to the
advisability of field evaluations of rotation of commercial products that can provide
effective control of fall armyworm. Unlike the traditional evaluation of insecticides,
investigation of the potential of rotational use of products with different modes of
action can provide valuable information for their rational use.

Knowledge of the effectiveness of insecticides with different modes of action and
of the timeliness of their application will permit effective decision-making relative to
fall armyworm density to enable integration of different compatible options. The
rational use of insecticides is only one component of S. frugiperda management,
and their adequate integration into a system of management is fundamental in
decreasing the impact of this pest.

In summary, timely application of theevaluated insecticides in these tests is when fall
armyworm density is�2.0 larvae per 10 plants. The different tests conducted showed
that the insecticides Coragen, Clavis, and Pleo provide longer periods of protection,
reducing the level of infestation and damage by fall armyworm larvae. Moreover, we
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believe that Denim, Exalt, and Belt when applied in conditions of low infestation, have

high potential for management of S. frugiperda, broadening the spectrum of available

tools for use with the aim of diminishing the development of resistance. The insecticides

XenTari and Karate can also be valuable tools in fall armyworm management, although

they have limitations that should be considered before integrating them into programs of

management for this insect. More research is needed on the effectiveness of other

available insecticides, their rotation, and mixtures, as well as their inclusion in an integral

management approach with the aim of preventing or delaying the development of

resistance to the tools most used in the combat of S. frugiperda.
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