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Ants are abundant and dominant insects occupying 
diverse ecological niches, with approximately 15,700 
described species and subspecies worldwide (Nogueira et 
al., 2022; Paramanandham et al., 2022; Schultheiss et al., 
2022; Bragança et al., 2023). They play numerous ecological 
roles, acting as predators, pollinators, scavengers, parasites, 
and herbivores, and contributing to soil fertility and seed 
dispersal, as well as serving as indicators of ecological 
conditions (Swanson et al., 2019; Johari et al., 2021). Leaf-
cutter ants behave as herbivores in the Neotropics, cultivating 
the symbiotic fungus Leucoagaricus sp. as their main food 
source with plant parts (Farias et al., 2018; Cantarelli et al., 
2019; Folgarait & Goffré, 2021; Cotazo-Calambas et al., 
2022). These ants can extract up to 900 kg of plant biomass 
per nest annually, causing significant damage to agricultural 
plantations, pastures, and reforestation areas, including 
seedling death, plant defoliation, and increased insecticide use 

Abstract  
Leaf-cutter ants are major agricultural pests causing substantial crop losses. 
Biological control using entomopathogenic fungi offers an eco-friendly 
alternative to chemical methods. This study evaluated the pathogenicity of 
Beauveria bassiana (ISO77) against Atta laevigata (Hymenoptera: Formicidae) 
and determined lethal times (LT50 and LT99) under laboratory conditions. 
Ants were exposed to conidial suspensions at 1 × 10⁷ and 1 × 10⁸ conidia·mL⁻¹. 
Mortality was assessed at 25 ± 2 °C with a 12-hour photoperiod over 10 days. 
The fungus was pathogenic at both concentrations, with higher conidial levels 
accelerating mortality. PROBIT analysis indicated LT50 and LT99 values of 
120 and 214 hours for 1 × 10⁷ conidia·mL⁻¹, and 93 and 157 hours for 1 × 10⁸ 
conidia·mL⁻¹, respectively. These results demonstrate the potential of B. 
bassiana ISO77 as a biological control agent for leaf-cutter ants.
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(Garcia et al., 2020; Valencia-Giraldo et al., 2021; Cardoso et 
al., 2022; Pimentel et al., 2022).

The traditional method for controlling leaf-cutting ants 
is chemical, but it is often ineffective and environmentally 
damaging due to non-specificity, toxicity, resistance, 
persistence, and high operational costs (Vinha et al., 2020; 
Cardoso et al., 2022; Cotazo-Calambas et al., 2022; Folgarait 
& Goffré, 2023). The indiscriminate use of insecticides 
can lead to pest resistance, reduction of natural enemies, 
contamination of water and soil, and health risks. Thus, 
there is growing interest in alternative methods that are both 
economically viable and environmentally safe (Folgarait & 
Goffré, 2021; Loko et al., 2022).

Biological control with entomopathogenic fungi, such 
as Beauveria bassiana (Balsamo) (Cordycipitaceae), offers a 
promising alternative due to its epizootic potential and ability 
to transmit between individuals via direct contact (Yasin et al., 
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2017; Rojas et al., 2018). Additionally, B. bassiana exhibits 
high genetic variability, enabling it to control a broad range 
of pests and persist in the environment as a saprophyte (Deka 
et al., 2021; Elkhateeb et al., 2021; Mota Filho et al., 2021; 
Stefanelli et al., 2021; Yucel, 2021; Swathy et al., 2024). This 
study aimed to evaluate the pathogenicity of B. bassiana for 
controlling Atta laevigata (F. Smith, 1858) (Hymenoptera: 
Formicidae) and to determine lethal times, contributing to the 
development of improved control strategies.

The experiment was conducted at the Plant Pathology 
and Biological Control Laboratories of the Department of 
Agronomy at the JK Campus, University of Jequitinhonha and 
Mucuri’s Valleys (UFVJM), Diamantina, Brazil. Leaf-cutting 
ants were collected from nests in Augusto de Lima, MG, 
transported to the laboratory, and maintained for bioassays. 
The ISO77 isolate of B. bassiana was obtained from the 
commercial product Boveril WP® (Koppert Biological 
Systems, Piracicaba, MG, Brazil) and stored on inclined PDA 
at 5 °C. It was revitalized by transferring it to Petri dishes 
containing Sabouraud Dextrose Agar and incubated at 25 ± 
2 °C for 13 days with a 12-hour photoperiod. Morphological 
identification was confirmed by microscopic examination 
using Amann’s Blue solution.

Following Cardoso et al. (2022), conidial suspensions 
were prepared by transferring 6 mm discs from the revitalized 
colony to PDA dishes, incubated for 13 days at 25 ± 2 °C. 

Conidia were scraped, suspended in sterile water with 0.01% 
Tween 80, and standardized using a Neubauer chamber to 
concentrations of 1.0 × 10⁷ and 1.0 × 10⁸ conidia·mL⁻¹.

Ants were exposed to three treatments: control 
(sterile water + 0.01% Tween 80), 1.0 × 10⁷ conidia·mL⁻¹, 
and 1.0 × 10⁸ conidia·mL⁻¹. A total of 150 ants were used, 
with five replicates of 10 ants per treatment. Each ant was 
individually placed in a Petri dish containing moistened filter 
paper, 1 mL of the respective conidial suspension, and a wad 
of cotton moistened with a 10% honey solution. The dishes 
were maintained at 25 ± 2 °C with a 12-hour photoperiod 
and monitored every 24 hours for 10 days. Dead ants, with 
or without visible fungal outgrowth, were transferred to 
new dishes with moist cotton to confirm death due to fungal 
infection by observing typical mycosis. The methodology 
was adapted from Stefanelli et al. (2021).

Mortality was assessed at 24-hour intervals up to 
240 hours post-exposure. Confirmed mortality data were 
subjected to PROBIT analysis to estimate LT50 and LT99 
(Qiu et al., 2014; Cruz-Cruz et al., 2020). Ants in the control 
group exhibited a mortality rate of 5% after 240 hours. At a 
concentration of 1.0 × 10⁷ conidia·mL⁻¹, the mortality curve 
was sigmoidal, with LT50 at 120 hours and LT99 at 214 hours. 
In contrast, at 1.0 × 10⁸ conidia·mL⁻¹, LT50 was achieved in 
93 hours and LT99 in 157 hours (Table 1), demonstrating that 
higher concentrations accelerated mortality (Fig 1).

Treatment Time Confidence Interval (95%) N Chi-square Df p-value H slope

1.0 × 10⁷
LT50 (hours) 120 (108 – 138) 27 35.1 25 0.0868 1.40 0.0484

LT99 (hours) 214 (181 – 291) 27 35.1 25 0.0868 1.40 0.0484

1.0 × 108
LT50 (hours) 93 (86 – 103) 20 18.1 18 0.447 1.00 0.0717

LT99 (hours) 157 (138 – 197) 20 18.1 18 0.447 1.00 0.0717

N represents the sample size used for LT estimation (N = Df + 2). Chi-square is the test used to verify the fit of the data to the PROBIT model.
Df stands for degrees of freedom. H refers to the intercept. Slope represents the inclination.

Table 1. Lethal time (LT50 and LT99), confidence interval, sample size used for LT estimation (N), Chi-square, 
degrees of freedom (Df), p-value, intercept (H), and slope, for the concentrations of 1.0 × 10⁷ and 1.0 × 10⁸ 
conidia·mL⁻¹ of Beauveria bassiana 

Fig 1. Mortality (dead/alive) of leafcutter ants subjected to concentrations of 1.0 × 10⁷ and 1.0 × 10⁸ conidia·mL⁻¹ of Beauveria 
bassiana assessed over 240 hours (10 days).
A - Mortality (dead/alive) of leafcutter ants subjected to the concentration of 1.0 × 107 conidia·mL⁻¹.
B - Mortality (dead/alive) of leafcutter ants subjected to the concentration of 1.0 × 108 conidia·mL⁻¹.



Sociobiology 72(3): e11345 (September, 2025) 3

The progressive increase in mortality among ants 
exposed to B. bassiana confirmed its pathogenic effect, as 
evidenced by fungal extrusion from cadavers (Fig 2). From the 
first day of exposure, contaminated ants exhibited behavioral 
changes, such as increased agitation and leg grooming. Such 
grooming behavior functions as a social immunity strategy 
to remove fungal contaminants and prevent pathogen spread 
within the colony (Tranter & Hughes, 2015; Gandra et al., 
2016; Cotazo-Calambas et al., 2022; Goes et al., 2022; 
Folgarait & Goffré, 2023; Liu et al., 2019; Ma et al., 2023).

The shortest lethal times observed at higher conidial 
concentrations align with previous findings, such as 
Metarhizium anisopliae applied to Ceratitis capitata 
(Wiedemann, 1824) (Diptera: Tephritidae), achieving 100% 
mortality within 216 hours (Quesada-Moraga et al., 2006). 

The efficacy of B. bassiana is linked to conidial adhesion to 
the insect cuticle, germination, proliferation within the host, 
and the production of toxic compounds (Folgarait & Goffré, 
2021; Leal et al., 2024; Liu et al., 2023).

The ISO77 isolate was pathogenic to A. laevigata 
at both tested concentrations. The increase in conidial 
concentration accelerated insect mortality, indicating that the 
conidial dose influences the mortality rate and enhances spore 
spread through sporulation (Portilla et al., 2017; Loko et al., 
2022). The concentration of 1.0 × 10⁸ conidia·mL⁻¹ proved 
most suitable for controlling these ants, demonstrating greater 
efficiency regarding lethal time. Therefore, B. bassiana ISO77 
is a promising biological control agent against leaf-cutting 
ants under laboratory conditions and thus warrants further 
field trials for validation.
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