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Abstract

Spodoptera cosmioides Walk (Lepidoptera: Noctuidae) is a polyphagous species, considered a secondary pest in
soybean crop. The Intacta soybean (Bt soybean) event was released in Paraguay with Bt proteins which are
supposed to be toxic for caterpillars. However, the effects of these proteins in the Spodoptera cosmioides biology
still uncertainty. This study evaluated the biological activity of Bt soybean in S. cosmioides that were fed on Bt
and non-Bt soybean leaves under laboratory conditions. The experiment was carried out at the Laboratory of
Entomology; temperature 26+2 °C; relative humidity: 60+£10%; photoperiod: 14:00 h where 150 neonate larvae
were used per treatment. The period and viability of each stage, the mortality of larval, number of eggs and
neonate per couple, and the period of larvae to adult were the assessed variables. Higher mortality was observed
in larvae fed with intact soybeans, but without statistical differences with non-Bt soybeans. For larval survival,
period, number and total period, no statistical differences were verified. Higher percentage of fertility was
observed in soybeans non-Bt but no statistical differences.
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1. Introduction

In Paraguay, as well as the neighboring countries Brazil and Argentina, a widely spread soybean production
system is the high-intensity no-till agriculture. This production system constitutes one of the economic stability
piles because it successfully generates strong foreign exchange earnings through commodity exports. Recently,
the soybean cropping surface registered for the 2018-2019 campaign, was over 3.5 million hectares, with a yield
of 2,401 kg ha™' (Capeco, 2020). The adoption of transgenic crops has been dramatically increasing in Paraguay;
already by 2008, the area of RR soybean represented 90% of Paraguayan production and the remaining 10% to
conventional varieties. In 2015, the planting of soybean varieties was approved with a new event in Paraguay,
the Bt soybean (soja Intacta), which besides being resistant to the herbicide glyphosate, contains the Bacillus
thuringiensis (Bt) Cryl Ac gene for controlling some caterpillars of the Order Lepidoptera (Senave, 2020).

According to the Paraguayan Association of Plant Breeders, the currently coverage percentage of Bt soybean is
approximately 40%. Regarding the soybean pests, it presents a diversity of pests that constitute production
limitations; the frequent species in this crop are Anmticarsia gemmatalis, Pseudoplusia includes, Spodoptera
eridania, Heliothis sp., Helicoverpa spp., Rachiplusia nu. Through every plant developing stages, from the
vegetative to the reproductive stages, the occurrence of these pests can take place (Gomez et al., 2015).

In recent years, the occurrence of caterpillars of the Spodoptera genus has been increasing in soybean cultivation
(Gomez et al. 2009). Altogether Spodotera eridania, and S. cosmioides, known as black caterpillars, joined the
group that damages soybean leaves and pods. S. cosmioides feed on leaves from the edge to the inside, or makes
holes, disregarding the thicker ribs. In reproductive stages of cultivation, the larvae feed on the pods, these being
preferred over the leaves in the most developed larvae (last instars). The slow development of the last-instars
larvae leads to greater consumption; staying longer in the same feeding place. Considering the potential for foliar
consumption among different lepidopteran pests in soybean, it was verified that S. cosmioides can consume
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twice the leaf area than A. gemmatalis, Chrysodeixis (Pseudoplusia) includens, and S. frugiperda. Rainy climates
and high temperatures favor their population outbreaks (Igarzabal & Galvez, 2014). Specht et al., 2017 in a study
on the abundance and species richness of owlet moths reported that considering all species together, individuals
of Spodoptera species represented 4.2% of all larvae found on non-Bt soybeans, while their representation on Bt
soybeans was 16.3%. Among these 16% larvae abundance, the Bt soybean technology protects against the
following so-called secondary pests that affect soybean cultivation: Rachiplusia nu, Chrysodeixis (Pseudoplusia)
includens, A. gemmatalis and Crocidosema aporema and others of secondary importance such as Helicoverpa
gelotopoeon, Achyra bifidalis, Heliothis virescens (Bortolotto et al., 2014), Spilosoma virginica and Colias
lesbia. Regarding Spodoptera frugiperda, Elasmopalpus lignosellus and Helicoverpa zea, Bt soybean would
register a partial control (Massoni et al., 2015). Several studies already reported the low efficacy of Bt CrylAc
soybeans in the Spodoptera complex; Yu et al. (2013) mentioned under control of S. exigua, S. litura and A.
ypsilon in studies of soybean Bt (CrylAc). Silva (2013) studied the effect of soybean Bt and non-Bt plants on the
biological aspects of S. cosmioides, where itdid not obtain significant differences in the biological aspects of the
insect, such as viability, the period of the larval phase, the prepupal phase, fertility, and longevity. Bernardi et al.
(2014) verified the low susceptibility of S. cosmioides, S. eridania, and S. frugiperda. Silva et al. (2016)
mentioned that there was no effect on the development and reproduction of S. cosmioides fed on soybean leaves.
Bt. Silva et al. (2016) in studies of effects on the biology of insect pests did not observe adverse effects on the
development and reproduction of S. cosmioides. Similar studies within the same genus; Liu et al. (2018)
mentioned that S. litura and S. frugiperda; belonging to the same genus; however, S. litura is tolerant to CrylAc,
while S. frugiperda is susceptible. Murua et al. (2018) reported that S. eridania and S. cosmioides were not
susceptible to Cryl Ac protein in soybean MON 87701-2 x MON 89788-1 in greenhouse evaluations. Rabelo et
al. (2020) indicateed low susceptibility to Cryl AC and CrylF toxins for Spodoptera eridania. Although in recent
publications, Machado et al. (2020) mentioned an important suppression Spodoptera cosmioides with the Bt
technology and the cryl Ac/CrylF genes of soybean.

Bt soybean (CrylAc) is a paramount solution as part of caterpillar control, however, with an intensive adoption
due to reliance, it leaves an important window without chemical control to the Spodoptera complex, especially S.
cosmioides, S. eridania, and S. frugiperda that could generate important impacts in the medium term. Carrying
out investigations to verify the technology control levels over these pests at regional levels is the priority to
optimize integrated pest management. In this context, studies were carried out in Paraguay to evaluate the Bt
soybean event (Cry 1Ac) toxicity on the S. cosmioides biology. The Bt toxin is expected to have some effect on
the biology of this species.

2. Methods
2.1 Location and Establishment of the Study

Larvae of S. cosmioides were collected manually from an experimental soybean crop in the University campus in
San Lorenzo, Central Department, Paraguay (26°51'36" latitude, 55°32'42" longitudes). The collected larvae
were placed in containers with an artificial diet in the field (Parra, 2001), then, they were transferred to the
entomologic laboratory. There was a time window of 48 hours between collecting in the field and transferring to
the laboratory. Once in the laboratory, the larvae were transferred again to another50 ml plastic container with
the artificial diet. The larvae were under laboratory conditions of temperature 25+5 °C, and HR 60+£10%, and
photophase of 14:10 (L:D), until the pupal stage. The pupae were removed and disinfected carefully with 0.2%
sodium hypochlorite in distilled water, then, they were placed on moisture filter paper in plastic dishes covered
with 250 cm? clear glasses. The emerged adults were transferred in mating cages (white PVC tubes 24 cm high
and 14.5 cm in diameter) covered internally with white paper as an oviposition substrate. The cages were placed
in plastic plates on filter paper and covered at the top with tulle-like fabric, to allow the cage aeration. Adults
were fed with a 10% solution of water and honey, provided in containers of 1.5 cm in length and 2 cm in
diameter full with cotton. Once the oviposition phase started, the internal white paper was removed and cut
carefully in pieces around the eggs. This process was undertaking every 48 hours. The eggs were placed in 50 ml
plastic cups with a rounded piece of moistened filter paper on the lid to generate an appropriate humid chamber
for the eggs. They were incubated (Temperature 2442 °C; photophase 14 h) until hatching. The first generation
hatched larva of laboratory (F1) was divided into two groups; one group was used for the experiment (hatched
larvae with a maximum of 24 h of age) and the other group was used for the maintenance of the laboratory
population.
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2.2 Obtaining Vegetable Material

The Intacta soybean expresses the CrylAc protein and the soybean of the S909 RR variety (non-Bt) were planted
in greenhouse in November. The leaves of these Bt and non-Bt soybeans were the plant part used for the
experiment.

2.3 Application of Treatments—Determination of Mortality

Once the first generation was obtained; 150 neonatal larvae (maximum 24 hours old, considering 150
replications) were transferred carefully with a fine-bristled brush in plastic cups (one larvae each) containing
soybean leaves (state R1 to R5). The leaves were previously washed with 0.2% sodium hypochlorite and rinsed
with distilled water. They were placed in the bottom of the plastic cups on a 2% agar solution, covered with filter
paper, which help to keep a fresh leaf. Initially, the leaves were changed in a two to three days basis; then in a
daily basis, according to the larvae needs. Regarding feces, food remains, and dead larvae, they were
immediately cleaned to avoid laboratory facilities contamination. The mortality percentage of S. cosmiodes
larvae was determined by comparing the number of larvae that did not complete their cycle over the total number
of studied larvae.

2.4 Determination of the Larval and Pupal Stage Period

Daily observations were required to verify larval mortality. For the larval phase period, those individuals which
successfully went through the pre-pupac to pupae stages were considered. In the pre-pupal stage, the
manipulation of the larvae was carried out carefully for not stressing them in these very sensible stages. After 24
hours from the metamorphosis to the pupal stage, the pupae were measured, weighed, and sexed, then they were
washed with a 0.2% sodium hypochlorite solution (NaClO) and rinsed with distilled water. Finally, they were
placed on trays with a damp filter paper and the pupae were covered with 5 cm3 plastic cups previously labeled
for identification. The filter paper had been moistening with distilled water every day.

2.5 Egg Fecundity and Fertility

Twenty coupled adults (20) were selected from the emerged adults; the remaining adults were placed
individually, all in the mating PVC cages, and fed with 10% honey until death.

The twenty coupled adults were selected for the parameters assessment. The parameters evaluated in this phase
were the number of eggs per female (fertility) and their fertility (viability), number of postures, and the longevity
(days) of the adults.

The formula used for fertility (Garcia and Iannacone, 2011):
Fecundity = (N°HV)/(N°Hvs) )
Where, N°HV = Number of females; N°Hvs = Number of eggs laid.

The egg masses carefully removed and placed in plastic cups sterilized with alcohol, filter paper moistened with
distilled water placed on the lid to maintain the humidity of the eggs.

Fertility or viability according to what is indicated by Hernandez et al. (2010):

Fertility = N°Hvs/(N°N) 2)
Where, N°Hvs = Number of eggs laid; N°N = Number of neonates.
2.6 Determination of Period (Days) of the Plague Cycle

The surviving insects that completed the entire larva to adult phases of individuals observed by treatment were
considered.

2.7 Variables

The variables considered are the percentage of insect mortality from each treatment. Period of larval, prepupal,
and pupal phase, (days). Egg fecundity and fertility, number of postures, the longevity of adults, and the total
cycle of the pest (days).

2.8 Statistical Analysis

An analysis of variance (ANOVA) was performed for the experiment data. The means of each parameter were
compared for significant differences by Student’s protected least significant difference test at (p < 0.05) was run
using a statistical software INFOSTAT-2014 (Di Rienzo et al., 2014).
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3. Results and Discussion
3.1 Mortality of S. cosmioides in Soybean Bt

The sum of larvae mortality observed in Spodoptera cosmioides larvae fed Bt Cryl Ac soybean does not present
statistical differences (p = 0.2451); compared to RR non-Bt. soybeans (Table 1). Furthermore, studies from
different latitudes are highlighting the low efficacy of Bt Cryl Ac soybeans on the Spodoptera complex; Yu et al.
(2013) mention limited action of Bt Cryl Ac soybean on S. exigua, S. litura, and Agrotis ypsilon. Bernardi et al
(2014) mention the low mortality of S. cosmioides and S. eridania exposed to CrylAc purified proteins. Silva et al.
(2016) that studying the effect of Bt and non-Bt soybean plants on biological aspects of S. cosmioides mention an
83% survival in larvae fed with Bt Cryl Ac soybeans. Murua et al. (2018) mention that comparative studies of
defoliation of Bt CrylAc soybean and non-Bt soybean from S. cosmioides show similar values despite the
statistical significance. In Paraguay considering this study, the results are similar to the above mentioned authors;
the suppression control verified in this investigation considered the Cry 1Ac event as ineffective for this specific
pest. This concern about the inefficient control against the S. cosmioides put into perspective the whole scheme
control that is using in Paraguay nowadays. Since the adoption of this Bt biotechnology still increasing and the
behavioral damages for the spodoptera caterpillar complex is very dynamic, the management pest control for the
soybean crop must be reevaluated eventually. At some point this pest management could collapse letting the
chance for Spodoptera cosmioides becoming a more danger pest for the soybean crop, changing its status from
secondary pest, to main pest of soybean.

Table 1. Mortality (%) in each instar and of the larval phase of S. cosmioides Walk (Lepidoptera: Noctuidae) fed
with leaves of Bt soybean (M6410ipro) and Non-Bt soybean (S909) in controlled conditions. Temperature 26+2
°C; RH: 60+10%; Photoperiod: 14:00 Hs

Treatment Instars Sum of larvae
1° 2° 3° 4° 5° 6° 7° mortality (%)

Soybean Bt CrylAc 2.0 9.3 120 33 0.0 0.0 0.0 26.6a

Non-Bt soybean 0.6 7.3 0.6 0.0 0.0 0.0 0.0 85a

Note. Means in columns with equal letters are statistically similar at a significance level of 5% (p < 0.05).
Student test (n = 150).

3.2 Period of Each Instar, the Number of Instars, and the Period of the Larval Period

Considering the surviving larvae, the period of each instar, the number of instars, and the total period (Table 2);
no significant differences were registered between the treatments in the first, 3rd (p = 0.0768) and 7th instar (p =
0.2016). However, there are differences in the 2nd (p = 0.0494), 4th (p = 0.0389), 5th (p = 0.004) and 6th (p =
0.0044) instars. During the total larval stage, the period was similar between the treatments (p = 0.8395).
Bernardi et al. (2014) and Silva (2016) did not observe significant differences in the period of the larval stage;
studying the biology of S. cosmioides in soybean Bt and non-Bt.

Table 2. Period (in Days) of each instar, the number of instars, and period of the larval period of S. cosmioides
Walk (Lepidoptera: Noctuidae) fed with leaves of Bt soybean (M6410ipro) and Non-Bt soybean (S909) in
controlled conditions. Temperature 2642 °C; RH: 60+10%; Photoperiod: 14:00 Hs

Treatment Instars Total Larvae Phase
1° 2° 3 4° 5° 6° 7° (Days)

Soybean Bt CrylAc 2.15a 233a 206a 234a 280a 453a 7.74a 239a

Non-Bt soybean 2.06a 259b 234a 214b 3.15b 533b 8.02a 256a

v 9.82 1464 1830 1265 981 1977 1006 102 )

Note. Means in columns with equal letters are statistically similar at a significance level of 5% (p < 0.05).
Student test (n = 150).

3.3 Fecundity, Neonates, and Fertility

In observations of fecundity, neonates, and fertility (Table 3); despite not detecting significant differences between
both treatments (p = 0.5514; p = 0.4829; p = 0.0626), a higher percentage of viability or fertility in insects fed with

110



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 12; 2020

RR non-Bt soybeans was observed; with a noticeable difference in this variable. The insects fed with soybean
leaves with the BtCry1Ac protein presented lower egg viability, which is an indication of antibiosis caused by the
presence of the Bt event. Similar results were obtained in Silva (2013) studies. In response to these results,
field-level research related to population dynamics or growth of S. cosmioides in this variety should be intensified.

Table 3. Average fecundity, Neonates, and fertility (%) of S. cosmioides Walk (Lepidoptera: Noctuidae) fed with
leaves of Bt soybean (M6410ipro) and Non-Bt soybean (S909) in controlled conditions. Temperature 26+2 °C;
RH: 60£10%; Photoperiod 14:00 Hs

Treatment Fecundity Neonates/Couples Fertility %
Soybean Bt CrylAc 796.47 a 335.68 a 46.74 a
Non-Bt soybean 704.11 a 403.44 a 61.17a
CV (%) 62.13 78.81 4244

Note. Means in columns with equal letters are statistically similar at a significance level of 5% (p < 0.05).
Student test (n = 20).

3.4 Period of Each Phase and the Larva to Adult Period

There aren’t statistical difference in the period of the larval stage (p = 0.8394). The pre-pupa (p = 0.1232), pupa
(p = 0.3256), and adult phases (p = 0.2680) did not show differences between the treatments. In the cycle total
period, the insects reared with Bt CrylAc soybean presented a shorter period than the insects fed with non-Bt
soybeans, though without statistical differences (p = 0.9360). Bavaresco et al. (2003, 2004) mention similar
results; On the other hand, Silva et al (2011) in the larvae of S. cosmioides fed with soybean leaves obtained a
period of the larva-adult period of 33.51 days.

Tabla 4. Average period (in days) of each phase and the larva to the adult period of S. cosmioides Walk
(Lepidoptera: Noctuidae) fed with leaves of Bt soybean (M6410ipro) and Non-Bt soybean (S909) in controlled
conditions. Temperature 26+2 °C; RH: 60+£10%; Photoperiod 14:00 Hs

Treatment Larvae Pre-pupa  Pupa Adult Period Larvae to Adult
Soybean Bt CrylAc 239a 2.05a 1294 a 1345a 52.34a

Non-Bt soybean 25.6a 2.18a 13.07 a 13.68 a 67.6a

V%) 102 3063 896 1930 564

Note. Means in columns with equal letters are statistically similar at a significance level of 5% (p < 0.05).
Student test (n = 150).

Considering the results of this investigation; the degree of control of Spodoptera cosmioides with the use of
soybeans with the Bt Cryl Ac event should be subject to more investigation; the laboratory results verify a low
level of mortality of this insect. In this way and already mentioned above with the massive use of soybean
technology Bt; there is a probability that the Spodoptera complex may become key pests in soybean cultivation.
The suppression that it may be insufficient at the field level so should consider within the proper management of
these pests.

4. Conclusion

Under the conditions where this experiment was carried out, the Bt Cryl Ac soybean presents slightly negative
effects considering the mortality and fertility biological parameter of the surviving insects of Spodoptera
cosmioides.
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