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Single concentration and virulence (mean lethal concentration) bioassays were performed to evaluate the sus-
ceptibility of S. albula second instar larvae to seven Bacillus thuringiensis-based biopesticides. Bioassays were
conducted using three replicates and repeated three times at 25°C, 70 + 10% RH, and a 12:12 (light/dark)
photoperiod; mortality was recorded seven days after treatment. The results were subjected to a Tukey’s test and

Probit analysis. Agree, DiPel SC, and XenTari achieved mortality rates of up to 80%, with the first of these being
the most virulent against S. albula. Different Dipel formulations showed different degrees of larvicidal activity.

1. Introduction

The gray-streaked armyworm moth Spodoptera albula (Walker,
1857) occurs from the USA to Paraguay (Zenker et al., 2010). The first
record in Brazil was from the state of Sao Paulo, where up to 70 larvae
per meter were found on peanut (Arachis hypogaea L.) (Teixeira et al.,
2001). Spodoptera albula larvae are polyphagous, feeding on at least 55
plant species belonging to 29 families (Montezano et al., 2014).

The lack of products specifically targeting S. albula control in Brazil
(Agrofit, 2018) makes it necessary to study efficient and non-aggressive
strategies for environmental control; because S. albula outbreaks can
otherwise lead to the unrestrained use of broad pesticides, as recently
reported for Helicoverpa armigera (Hubner, 1808) (Thomazoni et al.,
2013). This improper management has undesirable effects on the en-
vironment, as described by Nicolopoulou-Stamati et al. (2016).

Bacillus thuringiensis- (Bt-) based biopesticides have been used suc-
cessfully against agricultural pests since the second half of the 20th
century (Lacey et al., 2015; Polanczyk et al., 2017). Bergamasco et al.
(2013) reported the susceptibility of S. albula to Cry and Vip toxins;
however Bt-based biopesticides also contain spores which can con-
tribute to toxicity (Burges et al., 1976).

2. Material and methods

Spodoptera albula rearing started with 100 adults collected from
peanut in Jaboticabal (Sao Paulo) in January 2013. Specimens were
identified by Prof. Dr. Roberto Zucchi (Luiz de Queiroz College of
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Agriculture, University of Sdo Paulo), because of adult morphological
similarities between S. albula and Spodoptera eridania (Teixeira et al.,
2001). The larvae were fed with an artificial diet (Di Bello et al., 2017)
and adults with 10% sugar solution. After emergence, the adults were
transferred to plastic cages (25 X 10 cm) that were internally coated
with filter paper for oviposition and egg collection every two days.

Seven Bt biopesticides were initially used in the preselective assays:
Agree WP (B. thuringiensis aizawai CG 91; Certis USA, Columbia, MD,
USA), BacControl WP (B. thuringiensis kurstaki; Vectorcontrol, Vihedo,
SP, Brazil), Btt090 SC (B. thuringiensis tolworthi), DiPel SC, WG, and WP
(B. thuringiensis kurstaki), and XenTari WG (B. thuringiensis aizawai).
These were assayed against 60 s instar S. albula larvae, distributed in six
replicates. Each replicate consisted of an amount of 500 pL containing
3 x 108 sporesmL~! (Polanczyk et al., 2005), and was applied to a
recipient (@ 3.5 cm) with 4.8 cm® of artificial diet to which 10 S. albula
larvae had been added after air-drying. Those biopesticides that showed
an S. albula mortality of at least 80% were then used in estimating
values of LCs, using five concentrations and 900 S. albula second instar
larvae distributed in three replicates according to the methodology
described above. Bioassays were repeated three times, conducted at
25°C, 70 + 10% RH, and under a 12:12 (light/dark) photoperiod;
mortality was evaluated seven days after treatment, and Tukey’s tests
(P < 0.050) and Probit analyses (LeOra Software, Berkeley, CA, USA)
were used for data analysis. Significant differences were based on non-
overlapping 95% confidence intervals.
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Fig. 1. Spodopera albula susceptibility (mortality * standard error) to Bacillus
thuringiensis based biopesticides (Three bioassays means). Different letters mean
significantly different mortalities (Tukey’s Studentized Range test, P = 0.05).

Table 1
Bacillus thuringiensis based biopesticides LCso values against Spodoptera albula.

Treatment n’ Slope + SE LCso (Clos%) X 10° x

Agree 900 0.84 = 0.05 0.022 (0.008-0.097) 12.64
Dipel SC 900 0.52 = 0.05 0.38 (0.30-0.49) 13.61
Xentari 900 1.01 = 0.07 1164.64 (1054.06-1288.66) 3.83

2 n = number of insects per treatment.

b Chi-Square (P > 0.05).
3. Results and discussion

Mortality values for S. albula ranged from 12% to 100%, the results
for Agree, DiPel SC, and XenTari were statistically different from the
other biopesticides and resulted in a mortality of at least 80% (Fig. 1).
This mortality is mainly determined by Cry toxins that act either in-
dividually, or in combination increasing individual toxicity (Xue et al.,
2005; Wei et al., 2015). Many factors can influence the effectiveness of
a Bt toxin or strain against a given insect as has been recently reviewed
by Jurat-Fuentes and Crickmore (2017). Agree, DiPel SC, and XenTari
were then used in a dose response assay, with concentrations ranging
from1 x 10%to 9 x 10*sporesmL ™%, 1 x 10°to 3 x 10®sporesmL ™1,
and 3 x 107 to 3 x 10® spores mL~?, respectively, in order to calculate
LCsq values (Table 1).

Spodoptera albula mortality caused by DiPel SC was higher than that
shown by WG (dispersible granules) and WP (wettable powder) for-
mulations, which achieved a mortality of approximately. Although the
four toxins CrylAa, CrylAb, CrylAc, Cry2Aa are the main virulence
factors in all the Dipel formulations, the differences in activity might be
due to the batches of products (Shelton et al., 1993; Talekar and
Shelton, 1993; Mohan and Gujar, 2001) or an effect of the formulation.
Liquid formulations (SC) not only enhance the moisture content (Cush,
2006) but can also make the food more palatable resulting in increased
pest mortality compared to dry formulations (WP and WG), as reported
by Ahmedani et al. (2007).

The biopesticides DiPel SC, XenTari, and Agree all achieved mor-
tality rates of at least 80% but differed significantly in their LCs, values.
Agree and XenTari contain the Cry toxins CrylAc, Cry1lC, CrylD, and
Cry2 (Agree); and CrylAa, CrylAb, CrylC, and CrylD (XenTari).
Although little data exist for S. albula it is well established that Cryl1C
and to a lesser extent CrylD have activity against other species of
Spodoptera including S. exempta, S. exigua, S. frugiperda and S. littoralis
(van Frankenhuyzen 2009). The observed differences between Agree
and Xentari could be due to differences in the proportions of each toxin
or differences in formulation.

Bt-based biopesticides can be a useful tool against pest outbreaks as
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reported by Broza et al. (1991) and Polanczyk et al. (2017) to S. exigua
and Helicoverpa armigera, respectively. Furthermore, other virulence
factors, such as spores and Vip toxins, can increase the Bt toxicity and
delay the insect resistance development (Burges et al., 1976; Estruch
et al., 1996; Crickmore, 2006; Raymond et al., 2013; Jakka et al., 2014;
Ricietto et al., 2016).

The results of our study emphasize the possibility of using Bt-based
biopesticides against S. albula; however, the formulation must be
carefully chosen. The specificity and selectivity of Bt-based biopesti-
cides are in accordance with integrated pest management procedures
(Kogan, 1988) and could even be used alongside other biological con-
trol agents (Magalhaes et al., 2015; Sanahuja et al., 2011).
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