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ABSTRACT — Chemical control using toxic baits containing the active ingredient sulfluramid at 0.3% (w/w)
is the main method for controlling leaf-cutting ants of the genera A7fza and Acromyrmex. However, since 2009,
when sulfluramid was included in Annex B of the Stockholm Convention on Persistent Organic Pollutants,
there has been an intense search for new methods that are efficient in controlling these insects. Among said new
methods, biological control using pathogenic fungi has shown promising results in laboratory conditions. The
objective of this study, given the context presented, was to assess the potential of the fungi Beauveria bassiana
and Trichoderma harzianum in controlling Atta sexdens. Colonies of A. sexdens were exposed to the fungi by
means of formulated baits provided in a foraging chamber, or of suspensions sprayed on the fungus garden,
and had their behavioral changes recorded for 21 days. For both formulations, concentrations of 10 and 20%
(w/w) of the fungi being studied were used. The results allowed concluding that baits containing 10 and 20%
(w/w) of the fungi B. bassiana and T. harzianum were not efficient in controlling colonies of 4. sexdens. On
the other hand, spraying suspensions of 20% (w/w) of B. bassiana and 10% and 20% (w/w) of T. harzianum
was efficient and resulted in 100% mortality of the colonies 11, 9 and 7 days after application, respectively.
These findings indicate that the fungi B. bassiana and I. harzianum are promising as agents for the control of
A. sexdens colonies, when sprayed on the fungus garden, although there are still some challenges as to their use
related to the development of technologies for the application of the pathogen.
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CONTROLE BIOLOGICO EM FORMIGAS CORTADEIRAS, Atta sexdens
(HYMENOPTERA: FORMICIDAE), USANDO FUNGOS PATOGENICOS

RESUMO — O controle quimico com iscas toxicas contendo o ingrediente ativo sulfluramida a 0,3% (p/p) é
o principal método de controle de formigas cortadeiras dos géneros Atta e Acromyrmex. No entanto, desde
2009, quando a sulfluramida foi incluida no Anexo B da Convengao de Estocolmo sobre Poluentes Orgdnicos
Persistentes, ha uma intensa busca por novos métodos que sejam eficientes no controle desses insetos. Dentre os
novos métodos, o controle biologico por fungos patogénicos tem mostrado resultados promissores em condi¢oes
de laboratério. O objetivo deste estudo, dado o contexto apresentado, foi avaliar o potencial dos fungos
Beauveria bassiana e Trichoderma harzianum no controle de Atta sexdens. Colonias de A. sexdens foram
expostas aos fungos por meio de iscas formuladas fornecidas em cdmara de forrageamento, ou de suspensées
pulverizadas no jardim de fungos, e tiveram suas altera¢oes comportamentais registradas durante 21 dias. Para
ambas as formulagoes, foram utilizadas concentragoes de 10 e 20% (p/p) dos fungos em estudo. Os resultados
permitiram concluir que iscas contendo 10 e 20% (p/p) dos fungos B. bassiana e T. harzianum ndo foram
eficientes no controle de colonias de A. sexdens. Por outro lado, a pulverizac¢do de suspensdes de 20% (p/p) de
B. bassiana e 10% e 20% (p/p) de T. harzianum foi eficiente e resultou em 100% de mortalidade das colonias
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aos 11, 9 e 7 dias apos a aplicacdo, respectivamente. Esses achados indicam que os fungos B. bassiana e T.

harzianum sao promissores como agentes de controle de colonias de A. sexdens, quando pulverizados sobre o

Jardim de fungos, embora ainda existam alguns desafios quanto ao seu uso relacionados ao desenvolvimento de

tecnologias para a aplicagdo do patogeno.

Palavras-Chave: Attini, Beauveria bassiana, Trichoderma harzianum.

1. INTRODUCTION

Leaf-cutting ants of the genus Atta Fabricius,
1805 and Acromyrmex Mayr, 1865 (Hymenoptera:
Formicidae) are eusocial defoliating insects found
exclusively in the Neotropical region (Schultz and
Meier, 1995). For growing the fungus Leucoagaricus
gongylophorus Heim, 1957, from which they feed on
several species of plants of economic interest, they
are known to be the main pests in forest farming,
agriculture and livestock (Montoya-Lerma et al.,
2012).

The chemical method is the only one with
available technology aiming at controlling leaf-cutting
ants for use on a small, medium and large scale, with
highlight to thermal fogging, dry powder and ant killer
baits as the most efficient techniques (Della Lucia et
al., 2014). Among them, ant killer baits are the most
widely employed today due to their high economic
and operational feasibility (Britto et al., 2016). They
consist of a mixture of active ingredients that act by
ingestion, dissolved in soybean oil and incorporated
into an attractive substrate (dehydrated citrus pulp)
pressed in the form of pellets (Verza et al., 2006).
Sulfluramid is the most common active ingredient in
these baits, as it is efficient in controlling all species of
leaf-cutting ants (Britto et al., 2016).

Both the production and degradation of
sulfluramid  through  biological and abiotic
mechanisms in the soil produce perfluorooctane
sulfonate (PFOS), a highly persistent environmental
contaminant (Avendafio and Liu, 2015; Nascimento et
al., 2018). Studies have associated exposure to PFOS
with weight loss, reductions in serum cholesterol
and in thyroid hormones, besides hepatotoxic and
carcinogenic effects in humans and in some animals
raised under laboratory conditions (Lau et al.,
2004; Stahl et al., 2011). For this reason, in 2006,
the Stockholm Convention classified PFOS as a
persistent organic pollutant and added it to Annex B,
despite allowing the production of PFOS and related
substances to continue in developing and newly
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industrialized countries, as well as their application,
under use exemption conditions, when justified
(Lofstedt Gilljam et al., 2016). Thus, in 2009, Brazil
became eligible and was granted the right to continue
producing sulfluramid only to control leaf-cutting ants
(genera Atta and Acromyrmex) until a new equally
effective active ingredient is found to replace it
(Stockholm Convention, 2009).

Within this context, research has been conducted
in recent years in order to develop new economically
viable control strategies with less negative impact
on the environment, animals and humans, to be used
for controlling leaf-cutting ants (Morini et al., 2005).
Among these strategies, biological control using the
pathogenic fungus Beauveria bassiana (Balsamo) to
infect workers in the colonies, or Trichoderma spp.
as an antagonist to the symbiotic fungus, has been
proven promising in laboratory conditions (Verma et
al., 2007; Folgarait et al., 2011). Additional evidence
was presented by Loureiro and Monteiro (2005),
who reported that isolates of B. bassiana provided
a mortality of 87% among workers in laboratory
colonies of Atta sexdens sexdens after four days of
application, and by Ortiz and Orduz (2001), who
verified, in vitro, that some strains of Trichoderma
lignorum, commonly found in the soil, satisfactorily
inhibit the mycelial growth of the symbiont of A.
cephalotes.

However, the promising laboratory results
usually obtained with these pathogens are not proven
highly efficiency at the field level (Della Lucia et
al., 2014) because, in many natural conditions, ants
associated with their symbiotic fungus are able to
detect and recover from infection by pathogenic agents
(Montoya-Lerma et al., 2012; Britto et al., 2016). One
of the main defense mechanisms of ants is the release
of antifungal glandular secretions. These secretions
are produced and released by the metapleural glands
of the ants, which contain compounds that prevent the
germination of the pathogen and act as an antibiotic
by protecting the organism against pathogens
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(Morgan, 2008). Self-grooming, allogrooming and
nest cleaning may also be the cause of the low efficacy
of pathogens, along with the association with bacteria
of the species Pseudonocardia, which act as true
friends of the ants, forming a defense immunological
barrier and inhibiting the action of the parasite (Currie
and Stuart, 2001; Mattoso et al., 2012). In addition,
the climatic conditions inside the nest can influence
the control of dispersion of the pathogen, for example
and the knowledge that high temperatures and low
humidity hinder the development of entomopathogens
and opportunistic fungi in nests of leaf-cutting ants
(Goffré and Folgarait, 2018).

To circumvent the effects of the defense
mechanisms of ants against parasites, authors such as
Specht et al. (1994) formulated spores of pathogenic
fungi in toxic baits with different attractive ingredients
to prevent the spores from being recognized by
workers and, thus, to dismantle their collective
defense mechanism. However, even when different
attractive ingredients are used, baits containing
pathogenic fungi need a long time (about 60 days) to
perform an effective control (Lopez and Orduz, 2003)
or even to prove ineffective (Britto et al., 2016). This
can be explained by the fact that fungal infection
occurs through the cuticle of the hosts (Pereira and
Stimac, 1997). When baits containing fungal spores
are used, only mouthparts come into contact with the
spores, and it is in this area where several antibiotic
substances that end up inactivating the action of the
fungi are found (Little et al., 2006). Additionally, the
infrabuccal cavity, a filtration structure within the oral
cavity of ants, is a key component in the hygienic
behavior of these leaf-cutting insects (Quinlan and
Cherrett, 1978). The potentially dangerous spores
and scraps that workers accumulate while grooming
themselves or weeding the fungus garden are stored
in this cavity (Bailey, 1920), which, once filled, expels
compressed material from the cavity in the form of
a pellet. For this reason, according to Pereira and
Stimac (1997), fungal formulations used to control
ants must promote maximum contact between fungal
spores and ant cuticles.

We propose that spraying suspensions on the
fungus gardens of ants can be an alternative as to the
use of pathogenic fungi to control leaf-cutting ants,
since it provides greater contact between the cuticle
of the ants and the pathogenic fungi, thus enabling
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greater control efficiency. Thus, the objective of
this study was to assess the efficiency of spraying
suspensions of the fungi B. bassiana and T. harzianum
in controlling leaf-cutting ants and, additionally,
to compare the efficiency of this new methodology
with the efficiency of baits containing conidia of B.
bassiana and T. harzianum, or the active ingredient
sulfluramid (0.3%).

2. MATERIAL AND METHODS

2.1. Studied Colony

Thirty-three colonies of 4. sexdens approximately
four months old were collected in the municipality
of Botucatu, Sao Paulo state, Brazil, and kept in the
Laboratory of Social Insects-Pests [Laboratorio de
Insetos Sociais Pragas] (LISP), School of Agricultural
Sciences, UNESP, Botucatu. Each colony had a fungus
garden container, and the fungi were fed Acalypha
spp- (Euphorbiaceae). The colonies were subjected to
a temperature of 24 + 2 °C, relative humidity of 80%
and photoperiod of 12 hours of light.

2.2. Suspension Preparation

For suspension preparation, two commercial
products owned by the company Koppert Biological
Systems® were used: Boveril WP PL63®, composed
of 5% of Beauveria bassiana (Bals.) Vuill., strain
PL63 (minimum of 1.0 x 10% viable conidia gV),
and Trichodermil SC 1306®, composed of 4.8% of
Trichoderma harzianum (Rifai), strain ESALQ-1306
(minimum of 2.0 x 10° viable conidia ml).

To obtain suspensions at concentrations of
10 and 20% (w/w), each commercial product was
individually mixed in aqueous solution of distilled
water and 1% Tween 80®, then homogenized for
two minutes with the aid of a glass stick (adapted
from Currie and Stuart, 2001). The control treatment
consisted of an aqueous solution of distilled water and
1% Tween 80®. Subsequently, the suspensions were
individually stored in 50.0 ml beakers wrapped in
aluminum foil until the product was sprayed.

2.3. Bait Preparation

Citrus pulps from organic cultivation were
dehydrated in an oven at 50 °C for 72 hours, then
crushed until turning into powder. To obtain pastes
with different concentrations of the products being
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studied and of the control treatments, powdered
citrus pulp, carboxymethylcellulose, soybean oil
and the commercial product (Boverii WP PL63®
or Trichodermil SC 1306®) were mixed in 2.5 ml
of distilled water. For pastes containing 10% of the
products, 70% of powdered citrus pulp, 15% of
carboxymethylcellulose, 5% of soybean oil and 10%
ofthe products were used. For baits with 20%, the same
percentages of soybean oil and carboxymethylcellulose
were used, but only 60% of powdered citrus pulp
was mixed. Two control treatments were performed
as well: Control, consisting of powdered citrus pulp
(80%), carboxymethylcellulose (15%), soybean oil
(5%); and Standard control, consisting of powdered
citrus pulp (79.7%), carboxymethylcellulose (15%),
soybean oil (5%) and sulfluramid (0.3%). The paste
obtained was put inside a 60.0 ml syringe for pellet
production (adapted from Sousa et al., 2017). The
baits were left drying at a temperature of 25 + 2 °C
for 24 h, then cut to a length of approximately 2 mm,
similar to that of the standard commercial bait.

2.4. Effect of fungi Beauveria bassiana and
Trichoderma harzianum against colonies of A.
sexdens.

The colonies of A. sexdens, containing
approximately 350.0 cm® of fungus garden, were
distributed into four colonies for each bait and
suspension being studied, totaling forty-four colonies.
Afterwards, waste and leaf remains were removed
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from the waste and foraging chambers, and the
colonies did not receive the plant substrate for 24
hours. After this period, each colony received 0.3 g
of bait in the foraging arena, or 10.0 ml of suspension
was sprayed on the fungus garden. In the colonies
that received the suspension, it was applied using
a 500.0 ml hand sprayer, simulating a conventional
application of a phytosanitary product.

The assessments were conducted on the 1%, 2",
3rd St 7t o9t 11t 14% 17" and 21 days after the
bait was supplied and the suspension was applied,
in accordance with the methodology of Nagamoto et
al. (2004). For the colonies that were provided baits
in the foraging chamber, the following variables
were assessed: pellet transport percentage, pellet
incorporation, leaf cutting, workers with intoxication
symptoms, dead workers, presence of contaminating
fungi and colony death. For the colonies that had the
suspension applied to the fungus garden, only leaf
cutting, workers with intoxication symptoms, dead
workers, presence of contaminating fungi and colony
death were assessed. The assessments followed a
visual quantification scale ranging from 0 to 100%.

2.5. Statistical Analysis

The data found were subjected to a non-
parametric analysis of variance, the Friedman test,
followed by a post-hoc multiple comparison test using
Fisher’s least significant difference (LSD) criterion. In

Table 1 — Behavioral changes in the colonies of Atta sexdens (Hymenoptera: Formicidae) after bait supply and suspension spraying.

Tabela 1 — Alteragées comportamentais nas colonias de Atta sexdens (Hymenoptera: Formicidae) apds o fornecimento da isca e

pulverizagdo da suspensdo.

Spraying
Treatments Transport Incorporation Leaf cutting Intoxication Dead workers Contaminating
(%) (%) (%) symptom (%) (%) fungi (%)
Control - - 97.73 £ 3.15 a* 00+£00¢e 0.0+0.0¢ 0.0£0.0e
B. bassiana 10% - - 32.39+£20.12b 22.50+11.36d 41.93+£18.59d 13.07 £ 18.96 d
B. bassiana 20% - - 398+£578¢ 80.57+22.81 ¢ 75.34+£26.20 ¢ 66.56 £36.68 ¢
T. harzianum 10% - - 1.70 £2.92 cd 90.57+13.62b 88.07+16.12b 77.33 £26.38b
T. harzianum 20% - - 0.0+0.0d 96.59 £ 8.08 a 9534+647a 91.36+21.69a
Bait
Control 100.0+0.0a 100.0+0.0a 96.88 £3.29 a 0.0£00b 0.0£00b 0.0£0.0b
Standard control 100.0+0.0 a 100.0+0.0a 6.25+19.76 ¢ 63.18+47.02a 58.75+48.10 a 100.0+0.0 a
B. bassiana 10% 100.0+ 0.0 a 100.0+ 0.0 a 91.88+9.34a 0.0£0.0b 0.0£0.0b 0.0£0.0b
B. bassiana 20% 100.0+0.0 a 100.0£0.0a  83.75+18.68b 1.13+3.77 a 0.0+£0.0b 0.0£0.0b
T. harzianum 10% 100.0+0.0a 100.0+0.0a  89.38+13.52a 0.0+£00b 0.0£00b 0.0£0.0b
7. harzianum 20% 87.5+25.0b 100.0+£0.0a  84.38+2590Db 227+1.0a 0.0+0.0b 0.0+0.0b

* Mean * standard deviation — Means followed by the same letters do not differ significantly from each other by the post-hoc non-parametric multiple comparison test,

using Fisher’s least significant difference (LSD) criterion (o= 0.05).

"Média + desvio padrdo - Médias seguidas pelas mesmas letras ndo diferem significativamente entre si pelo teste de comparagdo multipla ndo paramétrica post-hoc,

usando o critério de diferen¢a minima significativa de Fisher (LSD) (a. = 0,05).
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Figure 1 —Mortality in colonies of Atta sexdens (Hymenoptera: Formicidae) after bait supply and suspension spraying. Bov10 (Beauveria
bassiana 10%), Bov20 (B. bassiana 20%), Tril0 (Trichoderma harzianum 10%) and Tri20 (7. harzianum 20%)

Figura 1 — Mortalidade em colonias de Atta sexdens (Hymenoptera: Formicidae) apos o fornecimento de isca e pulverizagdo da
suspensdo. Bovl0 (Beauveria bassiana 10%), Bov20 (B. bassiana 20%), Tril0 (Trichoderma harzianum 10%) e Tri20 (T.

harzianum 20%)

both tests, the level of significance was set at 5% (a. =
0.05). The R environment, 4.0.0 version, was used for
statistical computing (R Core Team, 2020).

3. RESULTS

After the suspensions were sprayed, leaf cutting
was significantly affected; the suspension containing
T. harzianum 20% was responsible for the lowest leaf
cutting percentages (Table 1). Higher percentages of
workers with intoxication symptoms, dead workers
and presence of contaminating fungi were observed
in the colonies that received 7. harzianum 20%
suspension spray. Overall, the suspensions of the
studied fungi caused the death of the colonies, except
for those that received the suspension containing B.
bassiana 10% (Figure 1).
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On the first day of assessment, 100% of the
pellets were transported into the fungus garden of
the colonies, except for the pellets in 7. harzianum
20% treatment (Table 1). However, for both
treatments, 100% of the transported pellets were
incorporated into the fungus garden. The lowest leaf
cutting percentage was found in the standard control
(Sulfluramid 0.03%). Additionally, B. bassiana
20% and T. harzianum 20% treatments presented a
lower leaf cutting percentage compared to control,
B. bassiana 10% and 7. harzianum 10%. Only the
standard control, B. bassiana 20% and T. harzianum
20% intoxicated the workers. The baits containing
different fungi did not cause the death of workers
or the presence of contaminating fungi, nor did they
cause the death of the colonies (Figure 1). On the
other hand, the standard control caused the death of
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workers, presence of contaminating fungi and death
of the colonies.

4. DISCUSSION

The present results show that the liquid spore
suspensions used interfered with the survival of the
workers and with the growth of contaminating fungi
in the fungus garden. Thus, the objective of breaking
the defense barriers of leaf-cutting ants with a new
methodology was achieved, especially comparing the
spraying of the conidia suspension with the standard
ant killer (sulfluramid 0.3%). The colonies exposed
to spraying by 7. harzianum presented a mortality
of 100% in 7. harzianum 20% and T. harzianum
10% treatments. The biological control agent T.
harzianum controls ascomycete, deuteromycete and
basidiomycete fungi. Because it is in this last category
that the symbiotic fungus grown by leaf-cutting ants
(Leucoagaricus gongylophorus) fits, T. harzianum
can act with two different control strategies: the
ants, in addition to having their death caused by
mycotoxins such as trichothecenes, could also die
by starvation. Furthermore, this biological agent
produces metabolites that prevent spore germination
(fungistase), causing cells to die (antibiosis) (Cuervo-
Mulet et al., 2008). This fungus still competes for
space and nutrients (Benitez et al., 2004), and this can
be seen through the high growth of 7. harzianum in
the fungus garden, probably due to the fungus having
found a suitable substrate to develop in the colony. It
is known that this pathogen has been recognized as
a ubiquitous species that colonizes the most diverse
substrates and ecological niches (Kubicek et al.,
2003).

When it comes to B. bassiana, pathogenicity is
also directly related to the production of mycotoxins
such as beauvericin. Mycotoxins are secondary fungal
metabolites that are part of infection mechanisms and
can enable a toxic response in different organisms.
They are produced by a series of consecutive
reactions, which are catalyzed by intermediate
enzymes of the primary metabolism (Volcy and
Pardo, 1994). Beauveria bassiana also produces the
toxins oosporein, bassianolide and beauveriolide,
which are peptides structurally related to beauvericin,
whose toxicity to animals, plants and insects is still
little known (Namatame et al., 1999) and whose
contribution to the mortality of workers in the
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treatments with B. bassiana 10% and B. bassiana 20%
deserves further research. The action of this fungus
on the insect is facilitated by the action of a wide
variety of secondary metabolites produced during the
infection process. The pathogen starts germinating
the conidia and producing hyphae in the cuticle of the
insect (Arboleda et al., 2004). Invasive hyphae are
able to penetrate through joints (Castellanos, 1997)
and mouthparts, starting a degradation activity in the
cuticle and reaching the hemocoel, where the pathogen
will also grow and, in many cases, evolve and colonize
the whole insect. Besides, toxins are released in order
to block the physiological development of the insect
and may cause the latter to die (Paterson et al., 1994;
Castellanos, 1997). These processes determine the
severity of the disease produced and the ability of the
fungus to block the immune response mechanisms of
the insect (Abbas et al., 1995).

In leaf-cutting ants, the action of pathogenic
agents varies depending on caste and individual, with
some individuals being more susceptible than others,
and depending on the means of fungus application
used (Diehl-Fleig et al., 1988), as observed in the
present study, in which the means of application was
efficient in the host-fungal pathogen relationship
and contributed decisively to an effective control.
The methodology consisting of applying fungi by
spraying proved to be more efficient than control
using ant killers. Considering the evidence that both
formulations had the same proportion of formulated
product, the hypothesis that the efficiency may have
resulted mainly from the type of formulation and
application of the product is relevant.

To defend themselves against disease-causing
pathogens, social insects have developed a series of
sophisticated defenses at the individual and collective
levels (Cremer et al., 2018). Social insects are able to
quickly find fungal pathogens and immediately adjust
their behavior and physiology to form a new network
structure to defend themselves (Stroeymeyt et al.,
2018). Although their toxin recognition mechanism is
unknown, fungal toxins really are capable of inducing
social immunity (Liu et al.,, 2019), mainly among
workers, as observed in the treatments in which toxic
baits were supplied.

It was possible to observe that the health of
the fungus garden started to decline immediately
before the increase in the mortality of the ants,
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suggesting that the ants exposed to toxins of the fungi
T. harzianum and B. bassiana may have stopped
performing activities in the colony, such as weeding
behavior, allogrooming, etc. Although this model
has been applied in laboratory conditions, its results
have shown a series of characteristics referring to the
social biology of leaf-cutting ants in field conditions,
where they are extremely efficient organisms as to the
elimination of biological risks.

Indeed, in the present study, the ants were able to
recognize and react extremely quickly to the presence
of pathogens at the two applied doses of toxic baits,
being also able to exhibit behaviors such as isolating
and covering the contaminating material, besides
removing pieces of fungus containing the material
contaminated by toxins, within 24 hours. The genus
Atta was not affected by the biological ant killer bait,
probably due to the ecology of the group; thus, the
trophallaxis process was unlikely, and so was the
consequent contamination of the individuals of the
colony, since only a few ants that had contact with
the pelletized material showed a slight intoxication
symptom. These toxins are suppressed with the aid of
defense strategies such as the secretion of antibiotic
compounds that can reduce spore viability, while self-
grooming and allogrooming can reduce the number
and, possibly, the viability of spores in the cuticle
(Hughes et al., 2002). However, using the spraying
methodology, the material could not be separated,
as the ants already had a large amount of toxins
impregnated in all their integument. Besides, in the
spraying process, the fungus garden was also the
target of spraying conidia, making it difficult for the
workers to clean the symbiotic fungus. Mortality in the
B. Bassiana 20% treatment stood at 100%, indicating
an expressive value for mortality of individuals
compared to the control group.

In addition, there was a high mortality among
smaller workers and, as suggested by Jaccoud et al.
(1999), the caste of small workers can play a key
role in the defense against diseases. Probably, small
workers have proportionally smaller glands, with less
production and release of antibiotics, therefore, in this
caste, higher mortality rates occur (Vieira, 2015).

The search for alternative methods to control
leaf-cutting ants has now intensified in order to
replace traditional pesticides applied mainly using
other substances with greater specificity, lower
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persistence and greater safety for the environment.
A promising group of pathogenic fungi can be used
as a biological control agent for leaf-cutting ants,
including the fungi 7. harzianum and B. bassiana
acting as bioinsecticides. However, the application
of baits formulated with pathogens does not present
good prospects for use, mainly due to the defense
strategies of leaf-cutting ants. The present study
proved that biological control in leaf-cutting ants may
be a reality in the near future. Nonetheless, there still
are some challenges for it to be used, which include
enhancing the pathogen application technology so
that this product reaches the colonies effectively, and
which justify incentives towards research investments
in this field.

The assessed fungi showed their potential as
control agents against 4. sexdens workers when
sprayed on the fungus garden.

5. CONCLUSION

Beauveria bassiana and Trichoderma harzianum
fungi showed their potential as agents for controlling
colonies of Atta sexdens when sprayed in the fungus
garden. Thus, we present new perspectives on the use
of biological control for colonies of leaf cutting ants.
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