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Abstract
The possible interference of resistant pest’s populations to insecticides in natural enemies in the action thas not been 
clarified yet. Thus, this study aimed to evaluate Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae) 
performance on Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) eggs with resistance frequency to 
the Metaflumizone over six generations of product exposure. Egg cards (2.0 x 7.0 cm) containing eggs from two 
populations of S. frugiperda, (resistant to Metaflumizone and the other susceptible), were exposed to T. pretiosum 
females for 24 hours in free-choice and no-choice testing in three generations (G1, G4, and G6). A completely 
randomized experimental design was used with 25 replications, each consisting of an egg card (experimental unit) 
containing 20 eggs. The parameters evaluated were: parasitism (%), emergence (%), sex ratio, number of emerged 
parasitoids per egg and males/females longevity. ANOVA and Tukey test (P≤ 0.05) were applied on the results. 
Results showed a reduction in parasitism [41.0% (G1) and 28.4% (G4)], egg emergence (17.5%) and parasitoids/egg 
[16.2 (G4) and 17.2 (G6)] in eggs originating from the population with resistance frequency. Females emerging from 
G6 populations eggs without exposure to Metaflumizone had greater longevity (3.5 days more) than the resistant 
population. The sex ratio and male longevity were not affected. The results indicate a reduction in T. pretiosum 
activity if S. frugiperda populations have some frequency of resistance to Metaflumizone.
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Resumo
A possível interferência de populações de pragas resistentes na ação de inimigos naturais ainda não foi esclarecida. 
Assim, este trabalho teve como objetivo avaliar o desempenho de Trichogramma pretiosum Riley (Hymenoptera: 
Trichogrammatidae) em ovos de Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) com frequência de 
resistência à Metaflumizona ao longo de seis gerações de exposição ao produto. Cartelas (2,0 x 7,0 cm) com ovos 
de duas populações de S. frugiperda, (resistente à Metaflumizona e outra suscetível), foram expostas às fêmeas de 
T. pretiosum por 24 horas em condições de livre escolha e sem chance de escolha por três gerações (G1, G4 e G6). O 
delineamento experimental foi inteiramente casualizado com 25 repetições, sendo cada repetição composta por 
uma cartela (unidade experimental) contendo 20 ovos. Os parâmetros avaliados foram: parasitismo (%), emergência 
(%), razão sexual, número de parasitoides emergidos por ovo e longevidade de machos e fêmeas. ANOVA e teste de 
Tukey (P≤ 0,05) foram aplicados aos dados coletados. Os resultados mostraram redução do parasitismo [41,0% (G1) 
e 28,4% (G4)], emergência de ovos (17,5%) e parasitoides/ovo [16,2 (G4) e 17,2 (G6)] em ovos oriundos da população 
com frequência de resistência. As fêmeas emergidas de ovos da população G6 sem exposição à Metaflumizona, 
tiveram maior longevidade (3,5 dias a mais) do que a população exposta ao inseticida. A razão sexual e a longevidade 
de machos não foram afetadas. Os resultados indicam uma redução na atividade de T. pretiosum se as populações 
de S. frugiperda apresentarem alguma frequência de resistência à Metaflumizona.

Palavras-chave: controle biológico, custo adaptativo, resistência de insetos, parasitismo, Spodoptera frugiperda.
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control programs throughout the world, information is still 
scarce in regard to its activity and efficiency, as well as how 
the biological characteristics of its offspring are affected 
when they find eggs of hosts that have a certain resistance 
to some insecticide. Such studies should be carried out to 
develop knowledge regarding the association of T. pretiosum 
in control of pests that have resistance to insecticides, and 
regarding recommendation of T. pretiosum in these cases.

Thus, the aim of this study was to evaluate the 
performance of T. pretiosum on eggs of populations of S. 
frugiperda with frequency of resistance to the insecticide 
Metaflumizone and exposure to the product over six 
generations.

2. Material and Methods

The experiment was conducted in the “Laboratório 
de Entomologia Aplicada - LEA” of the “Universidade 
Federal do Ceará (UFC)”, Fortaleza, Ceará State, Brazil. 
The “guaraciaba” line of T. pretiosum used was collected 
when naturally parasitizing eggs of Neoleucinodes elegantalis 
(Guenée) (Lepidoptera: Crambidae) on tomato (Solanum 
lycopersicum L.) fruit (Oliveira et al., 2020). The population 
of S. frugiperda with frequency of resistant individuals 
was collected in commercial areas in the municipality of 
Quixeré, Ceará (Latitude 5°4′40′′S, Longitude 7°59′7″W, 
and mean Altitude of 25.0 m AMSL), with mean maximum 
temperature of 35.0°C and mean minimum of 22.0°C. 
The system used to rearing T. pretiosum followed the 
method described by Parra (1997).

The experiment was conducted with eggs from two 
populations of S. frugiperda (one resistant population 
maintained under selection pressure for resistance to 
metaflumizone and the other without exposure to the 
product, considered the susceptible population), over 
six generations. The characterization of the resistance 
frequency of the populations used is described in 
Barbosa et al. (2020). The Metaflumizona, semicarbazone 
chemical group, is sodium channel inhibitor (SCI) 
insecticides by binding selectively to slow-inactivated 
(non-conducting) sodium channel states (Takagi et al., 2007; 
Song et al., 2011). No-choice (G1, G4, and G6) and free-choice 
(only in G6) trials were carried out. Both populations were 
kept in the laboratory in glass tubes (2.5 cm x 8.5 cm), 
containing an artificial diet (Greene et al., 1976).

To conduct the experiment, eggs from each population 
were placed on blue paperboard cards (8.0 x 2.5 cm) using 
gum arabic (30%) with the assistance of a moistened brush. 
In the no-choice test, each egg card (experimental unit) 
was composed of 20 eggs from one of the two populations. 
In the free-choice test, each egg card was composed of 
10 eggs from both populations, for a total of 20 eggs per 
treatment. Before being offered to the parasitoids, the 
eggs were made inviable through exposure to a germicidal 
lamp for 30 minutes, preventing possible eclosion of 
non-parasitized caterpillars and loss of data since the 
caterpillars are cannibalistic.

The cards containing inviable eggs from one of the two 
populations in separation (no-choice cards) or containing 
inviable eggs from the two populations on the same 

1. Introduction

In spite of the diversity of control techniques, 
insecticides also constitute the basis of management 
practices to reduce damage caused by Spodoptera frugiperda 
(J. E. Smith) (Lepidoptera: Noctuidae). However, adoption 
of a control strategy with solely on systematic applications 
of insecticides without rotation of active ingredients is 
bound to fail (Furlong et al., 2004; IRAC, 2021), leading 
to an increase in the percentage of damage due to the 
selection of resistant populations. Considering this 
situation, the adoption of some strategies that retard or 
reduce the development of resistance, associated with 
changes in the conception and behavior of growers, is of 
utmost importance.

Among the management practices inserted in a context 
of Integrated Pest Management (IPM), the natural enemies 
as the basis of practices for effective control of pest 
arthropods has been widely recognized (Furlong, 2015). 
In the case of S. frugiperda, control has been carried out 
through release of parasitoids of the genus Trichogramma 
spp. (Hymenoptera: Trichogrammatidae) (Beserra et al., 
2005; Dequech et al., 2013; Figueiredo et al., 2015; 
Balestrin and Bordin, 2016) that are used in programs of 
applied biological control since these agents parasitize 
the egg phase of the pest and impede the emergence of 
caterpillars and thus does not occur their attack. In Brazil, 
the natural occurrence of Trichogramma pretiosum Riley 
(Hymenoptera: Trichogrammatidae) parasitizing eggs of 
S. frugiperda (Beserra et al., 2002; Dequech et al., 2013; 
Balestrin and Bordin, 2016) offers good perspectives for 
its application because, in addition to its ability to act 
on the target pest, this parasitoid is easily rearing in the 
laboratory conditions.

Nevertheless, for this natural enemy to be effectively 
used, its activity, behavior, and efficiency must be 
understood (Barbosa et al., 2019) in its host. It is known that 
females of these parasitoids have strategies that facilitate 
identification of a quality host through surface contact of 
antennas (Bento and Nardi, 2012). Thus, the sequence of 
the activities of search and recognition behavior assist 
the female in identifying specific chemical or physical 
signs of the host; this helps in the decision of accepting 
the host or not for oviposition or even identifying if the 
host is nutritionally adequate or is sufficient for complete 
development of its offspring (Roriz et al., 2006; Brotodjojo 
and Walter, 2006).

In a biological control program, the capacity of the 
parasitoid to parasitize or develop in the host is a crucial 
step, because the existence of some characteristic that 
avoids oviposition or inhibits development of the parasitoid 
can cause failure in parasitism and, consequently, in 
control of the pest (Pereira et al., 2013). It is not known 
if physiological and metabolic changes involved in the 
process of evolution of resistance (Dingha et al., 2004; 
Guedes et al., 2006) affect specific characteristics of the 
host that interfere in the recognition and establishment 
processes of parasitoids. Thus, possible interferences of 
populations with frequency of resistance to insecticides 
on the action of natural enemies have not yet been duly 
clarified. Although T. pretiosum is highly used in biological 
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card (free-choice cards) were inserted in glass tubes 
(8.5 x 2.5 cm) containing a female parasitoid, where they 
remained exposed to parasitism for 24 hours. The tubes 
were closed with PVC plastic film to prevent the parasitoids 
from escaping. The female parasitoids were fed with a 
drop of pure honey placed on the wall of the tubes. After 
exposure, the cards were transferred to new glass tubes 
(8.5 x 2.5 cm) and they were placed under controlled 
conditions (25 ± 2°C, relative humidity of 70±10% and 
12-hour photoperiod), remaining up to emergence of the 
following generation of the parasitoids.

The percentage of parasitism [(number of parasitized 
eggs / total number of eggs) x 100], percentage of emergence 
[(number of dark eggs with orifice / total number of 
parasitized eggs) x 100], sex ratio [number of emerged 
females / (number of females + males)], number of emerged 
parasitoids per egg (number of emerged parasitoids / total 
number of parasitized eggs), and the longevity (days) 
of males and females were the parameters evaluated in 
the no-choice test. For evaluation of this last parameter, 
20 females and 10 males that had recently emerged were 
individualized in acrylic containers (3.5 x 1.5 cm) containing 
a drop of honey for food, and they were evaluated daily 
regarding time of life. In the free-choice test, performed 
in G6, only the percentage of parasitism and of emergence 
were evaluated.

The experiments were conducted in a completely 
randomized experimental design, with 25 replications; 

each replication consisted of an egg card containing 
20 eggs. The data were submitted to the Shapiro-Wilk 
normality and Bartlett parametric variance homogeneity 
tests. ANOVA was used to analyze the data and the means 
were compared by the Tukey test (p≤ 0.05) through the 
Statistical Analysis System (SAS) (SAS INSTITUTE, 2004).

3. Results

Parasitism of S. frugiperda eggs by T. pretiosum decreased 
in populations that were sequentially exposed to the 
insecticide Metaflumizone (G1 and G4), with reduction 
of approximately 41.0% and 28.4% (Table 1). In regard to 
emergence, 82.7% of the eggs of the population exposed to 
the insecticide, when parasitized, allowed emergence of the 
adults of the parasitoid but, even so, there was reduction 
of 17.5% compared to the control (Table 1).

Emergence of more than one parasitoid per egg was 
found in both host populations evaluated (minimum of 
1.02 and maximum of 1.32 parasitoids / egg); however, there 
was a decrease of 16.2% and 17.2% when the populations 
were exposed to the insecticide in G4 and G6, respectively 
(Table 1).

Females of T. pretiosum that emerged from eggs coming 
from populations in G6 maintained without exposure to 
the insecticide Metaflumizone lived longer; longevity 
was 3.5 days longer for these females than that of the 

Table 1. Parasitism (%); emergence (%); sex ratio; number of adults emerged per egg; longevity (days) of T. pretiosum “guaraciaba” line, 
in eggs of two populations of S. frugiperda over six generations in a no-choice test.

Population
Generation (Mean ± standard error)

G1 G4 G6

Parasitism

Susceptible 86.23 ± 2.04 a 86.15 ± 2.10 a 82.96 ± 2.95 a

MET1 64.40 ± 4.38 b 75.52 ± 2.09 b 78.65 ± 3.88 a

Emergence

Susceptible 97.74 ± 0.84 a 100.00 ± 0.00 a 99.25 ± 0.35 a

MET 81.13 ± 4.71 b 89.66 ± 5.66 b 77.23 ± 6.71 b

Sex ratio

Susceptible 0.67 ± 0.04 a 0.75 ± 0.02 a 0.57 ± 0.05 a

MET 0.62 ± 0.05 a 0.73 ± 0.05 a 0.51 ± 0.06 a

Parasitoids/egg

Susceptible 1.41 ± 0.07 a 1.42 ± 0.04 a 1.22 ± 0.08 a

MET 1.28 ± 0.05 a 1.19 ± 0.03 b 1.01 ± 0.07 b

Longevity of the female (days)

Susceptible 6.68 ± 0.22 a 9.89 ± 0.35 a 13.42 ± 0.73 a

MET 6.23 ± 0.15 a 9.48 ± 0.53 a 9.89 ± 0.35 b

Longevity of the male (days)

Susceptible 5.76 ± 0.59 a 9.10 ± 0.48 a 10.26 ± 0.66 a

MET 5.50 ± 0.20 a 9.18 ± 0.68 a 9.09 ± 0.48 a

Mean values followed by the same lowercase letter in the column do not differ from each other by the Tukey test at the level of 5%  1MET = population 
with frequency of resistance to the insecticide metaflumizone.
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population exposed to the product (Table 1). Regarding 
longevity of the males, only an effect of the generation 
factor was observed, with a mean of 5.6 in G1 and 9.40 days 
in the G4 and G6 generations (Table 1).

The longevity of males and the sex ratio were not 
affected by the populations evaluated, and exhibited a 
variation from 5.50 to 10.26 and 0.51 to 0.75, respectively 
(Table 1).

In the free-choice test, there was a reduction in the 
percentage of parasitism of S. frugiperda and of emergence 
of T. pretiosum adults of 16.3% and 24.1%, respectively, in 
the trial with the S. frugiperda population resistant to the 
insecticide Metaflumizone (Table 2).

4. Discussion

Based on the results obtained and on knowledge 
regarding the behavior of T. pretiosum in regard to host 
selection, it can be inferred that female parasitoids rejected 
the “resistant” S. frugiperda host in the tests of free choice 
and no choice; and the eggs of this host, when parasitized, 
affected parameters related to the development of the 
offspring of T. pretiosum. The exploratory characteristic 
of the parasitoid species (Roriz et al., 2006; Brotodjojo 
and Walter, 2006) indicates that the females of T. 
pretiosum, distinguished differences in the host eggs and 
consequently rejected them in some moment by means 
of some external or internal signal present in the host 
egg coming from individuals that developed under the 
conditions of exposure to the insecticide. In initial contact 
with the host eggs, signals are recognized by the antennas, 
and for insertion of the ovipositor, the females need to 
perfectly evaluate the external and internal conditions of 
the host eggs (Desneux et al., 2012; Alsaedi et al., 2016; 
Damien et al., 2019). This evaluation determines acceptance 
or non-acceptance of the host for oviposition, according 
to its nutritional quality (Roriz et al., 2006), ensuring the 
success of the offspring of the parasitoid (Roriz et al., 2006; 
Brotodjojo and Walter, 2006)

Synergy trials conducted in populations of Spodoptera 
exigua (Hübner) (Lepidoptera: Noctuidae) showed that 
resistance to Metaflumizone is associated with metabolic 
changes involving an increase in esterase (Su and Sun, 2014; 
Tian et al., 2014) and monooxygenase (Tian et al., 2014) 
activity. It is nothing new that these changes can result in 
an adaptive cost associated with resistance (Gould, 1998), 
where resources used by the physiological processes of 
the insect are allocated and used in a different manner, 
influencing metabolic processes and development in 

resistant lines and in evolution (Dingha et al., 2004; 
Guedes et al., 2006). The adaptive cost has already been 
observed in S. frugiperda resistant to the insecticides and 
resistance plants (Santos-Amaya et al., 2017; Okuma et al., 
2018), and also in Plutella xylostella (Linnaeus) (Lepidoptera: 
Plutellidae) resistant to Metaflumizone (Shen et al., 
2017). This indicates that, as resistance evolves, these 
metabolic changes can modify components in the chorion 
(egg membrane) or in its inner content, affecting the 
development of the parasitoid larvae and leading to 
reduction in emergence in the number of parasitoids / 
egg, and in the longevity of emerged females.

The number of parasitoids per egg that emerged from 
the population of S. frugiperda exposed to Metaflumizone 
was lower than the number of parasitoids per egg that 
emerged from the susceptible population. The surface 
contact and recognition of the host (Roriz et al., 2006; 
Brotodjojo and Walter, 2006) may have resulted in rejection 
of females in laying more than one egg in the host given 
the possibility of it not being able to ensure development 
of its offspring. The sign of a larger number of parasitoids / 
egg and of longer-living females of T. pretiosum in contact 
with the susceptible population shows that this parasitoid 
has greater probability of increasing its population in a 
shorter period of time than the T. pretiosum population 
in contact with S. frugiperda exposed to Metaflumizone.

Resistance to insecticides occurs through mutations that 
substitute alleles (Thomazoni, 2012), and selection pressure 
promotes genotypic variation from the initial population 
(Roush and Mckenzie, 1987). Studies performed with P. 
xylostella suggest an effect on parasitism of Diadegma 
semiclausum (Hellen) (Hymenoptera: Ichneumonidae) and 
of Cotesia plutellae (Kurdjumov) (Hymenoptera: Braconidae) 
when the caterpillars exposed to parasitism come from 
host populations that have resistance to the insecticide 
teflubenzuron (Furlong and Wright, 1993). In contrast, 
possible effects were not found in Campoletis flavicincta 
(Ashmead) (Hymenoptera: Ichneumonidae) acceptance 
of S. frugiperda caterpillars susceptible and resistant to 
lambda-cyhalothrin (Thomazoni, 2012).

A noteworthy fact is that even with negative interference 
in parasitism of T. pretiosum caused by the eggs coming 
from the population of S. frugiperda that showed frequency 
of resistance, the parasitoid still maintained satisfactory 
performance, with a mean value greater than 70.0%. This 
shows the potential of this agent in reducing the damage 
caused by S. frugiperda even if the population has a certain 
degree of resistance to metaflumizone, thus emphasizing 
its use as a strategy that favors management of resistance 
to insecticides. It should also be emphasized that in the 

Table 2. Parasitism (%) and emergence (%) of T. pretiosum “guaraciaba” line, in eggs of two populations of S. frugiperda in a free-choice 
test in G6.

Population
Parameters (Mean ± standard error)

% Parasitism % Emergence

Susceptible 93.75 ± 2.34 a 92.33 ± 2.24 a

MET1 84.70 ± 3.88 b 77.78 ± 2.94 b

Mean values followed by the same lowercase letter in the column do not differ from each other by the F test at the level of 5% probability. 
1MET= population with frequency of resistance to the insecticide metaflumizone.
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field, there is a “coevolutionary” process that integrates 
parasitoids × hosts (Henter and Via, 1995), which cannot 
be evaluated in the laboratory under the same conditions 
as in the field, due to its complexity. Thus, the interference 
in the biological parameters examined was expressed in 
the most extreme condition. In a scenario where there are 
possibilities of development of physiological resistance on 
the part of the host, the parasitoids develop some manners 
of counter-attacking this resistance as time passes (Debolt, 
1991). The reduction in parasitism in the population of S. 
frugiperda exposed to metaflumizone occurred in the first 
two generations and in artificially selected populations. It is 
known that through genetic drift, populations maintained 
in the laboratory can undergo changes associated with 
genetic control, resulting in effects of selection in existing 
genotypes and random loss of genotypes (Bartlett, 1985).

The results obtained in this study contribute useful 
information for planning possible management strategies 
for the purpose of retarding development of resistant 
populations of S. frugiperda. The interference observed in 
the performance of T. pretiosum highlights the importance 
of how erroneous use of insecticides can hurt the activity 
of natural enemies. However, T. pretiosum can still be 
successfully used in management programs within IPM 
because this parasitoid maintains its effectiveness even 
when in the presence of resistant populations in the field. 
The possibility of reversal of susceptibility when the use of 
insecticides is adopted in a correct manner (Barbosa et al., 
2020) shows signs that joining diverse tactics in MRI can 
retard the evolution of frequency of resistance.
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