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RESUMO: As formigas-cortadeiras (Hymenoptera: Formicidae) evo-
luíram estabelecendo-se no continente americano como herbívoros 
dominantes. Esses insetos sociais praticam a desfolha de espécies vege-
tais de interesse econômico, com a finalidade de manter a reserva ali-
mentar da colônia, o fungo simbionte Leucocoprinus gongylophorus, 
um basidiomiceto. Tal fungo pode ser alvo de aplicações de moléculas 
fungicidas encontradas em metabólitos gerados por bactérias simbion-
tes (Xenorhabdus e Photorhabdus) de nematoides entomopatogênicos 
(Steinernema e Heterorhabditis). Por meio do isolamento e da multipli-
cação em meio caldo triptona de soja (TSB) da bactéria Xenorhabdus 
szentirmaii (isolado PAM 25), foram realizados testes laboratoriais com 
tratamentos contendo 10, 25 e 50% do metabólito obtido no sexto dia 
de cultivo. Para tanto, o metabólito foi centrifugado e filtrado, gerando 
um sobrenadante, o qual foi diluído em batata + dextrose + ágar (BDA), 
para verificar as consequências da exposição do fungo L. gongylophorus 
em placas de Petri. Os tratamentos de controle apenas com meio BDA 
e misto (BDA + TSB) também foram conduzidos simultaneamente 
por 14 dias, a fim de confirmar a eficiência dos metabólitos. Tanto na 
diluição de 25 e 50% houve total inibição do fungo simbionte já nos 
primeiros dias da condução dos testes. Diante dos resultados obtidos, 
pode-se afirmar que os metabólitos são a causa do efeito inibitório do 
desenvolvimento do fungo simbionte das formigas-cortadeiras. 

PALAVRAS-CHAVE: controle alternativo; Leucocoprinus 
gongylophorus; nematoides entomopatogênicos.

ABSTRACT: Leaf-cutter ants (Hymenoptera: Formicidae) 
have evolved as dominant herbivores on the American continent. 
These social insects remove the leaves of economically important 
plant species to maintain their colony’s food reserves, the 
symbiotic fungus Leucocoprinus gongylophorus, a basidiomycete. 
Such fungus can be used for applications of fungicide molecules 
from metabolites generated by symbiont bacteria (Xenorhabdus and 
Photorhabdus) from entomopathogenic nematodes (Steinernema 
and Heterorhabditis). Through isolation and multiplication in 
tryptic  soy  broth (TSB) medium of the bacteria Xenorhabdus 
szentirmaii isolated PAM 25, we conducted laboratorial tests using 
treatments with 10, 25, and 50% of the metabolites obtained in 
the sixth day of cultivation. The treatments were centrifuged and 
filtered to generate a supernatant, which was diluted in potato + 
dextrose + agar (PDA), to verify the consequences of exposure 
to the fungus L. gongylophorus in Petri dishes. To confirm 
metabolite efficiency, the control treatments in PDA only and 
mixed (PDA+TSB) media were conducted simultaneously for 
14 days. We observed total inhibition of the symbiont fungus in 
both the 25 and 50% dilutions during the first days of the tests. 
Our results support that these metabolites have inhibitory effect 
on the development of symbiont fungus of leaf-cutter ants.

KEYWORDS: alternative control; Leucocoprinus gongylophorus; 
entomopathogenic nematodes.
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Nature presents a variety of organisms that are detrimental to 
human agriculture. Chemical pesticides have been widely used 
to control such pests, however these pesticides damage the envi-
ronment. To avoid the problems caused by chemical pest control, 
one alternative is the development of efficient biological control 
methods. This phenomenon, also known as biocontrol, involves 
other living organisms to control specific populations, which 
are considered plagues. For this, natural enemies are expected 
to be efficient, as they evolved interacting with the target organ-
ism and, to some extent, are able to overcome the organism’s 
defenses (FOLGARAIT et al., 2011). Furthermore, the use of 
microorganisms in biological control has been widely encour-
aged, as they are easily cultivated and manipulated. 

Controls that use synthetic chemicals in their formula-
tions have been increasingly criticized (GILLJAM et al., 2016), 
since they lead to the accumulation of persistent waste in the 
environment. Therefore, society pressures researchers to find 
methods for managing agricultural pests in a more sustainable 
and harmonious way within agroecosystems. Currently, the 
most widespread method for controlling leaf-cutter ants is 
through attractive granular baits (BRITTO et al., 2016). 
The use of liquid insecticides, powder insecticides, or those 
applied by thermal foggers are already considered obsolete. 
Organic producers lack viable options for controlling leaf-
cutter ants, since the Agricultural and Food Inspections and 
Certifications (Inspeções e Certificações Agropecuárias e 
Alimentícias—IBD), the largest certifier in Latin America and 
the only Brazilian certifier of organic products, only approved 
Bioisca with the plant Tephrosia chandran for this purpose. 
In addition, the effectiveness of botanical extracts to control 
ants is questionable (CATALANI et al., 2017). 

The fungus-growing ants belong to the Attini tribe. 
Only taking into account the species that practice such fungi 
culture (subtribe Attina, the attines), this group presents 
15 genera and about 300 species (JEŠOVNIK et al., 2016). 
The association between ants and cultivated fungus is considered 
a compulsory mutualism, because both organisms present 
reciprocal adaptations to live, guaranteeing the stability of the 
interaction. In this mutualism, the fungus provides necessary 
nutrients for the colony, especially for the ants’ larvae. On 
the other hand, ants guarantee the protection and dispersion 
of their fungal partner, as well as provide plant substrate for 
fungal cultivation. These ants are distributed in the Neotropical 
region, from the southern United States to northern Argentina 
(MEHDIABADI; SCHULTZ, 2010). The most derived 
Attines are the leaf-cutter ants, that use fresh leaves and flowers 
to cultivate mutualist fungus (Leucocoprinus gongylophorus) 
(CARLSON et al., 2018). Therefore, these ants are considered 
agricultural pests, as they damage aerial parts of plants in the 
environments where they forage (DELLA LUCIA, 2011). The 
foraging behavior is accomplished by cutting and transporting 
plant substrate, which, inside the colony, is processed and 

incorporated into the fungal garden by the colony’s garden 
operators, and maintains the food reserve (WEBER, 1972). 

Structured by the queen shortly after the nuptial flight, 
the colony of Atta leaf-cutter ants originates from the queen’s 
claustral phase in the ground, when she solitarily maintains 
a fragment of the symbiotic fungus (L. gongylophorus) from 
her previous colony matrix (WHEELER, 1906). After lay-
ing the first eggs, the first workers emerge and mature, and 
help expand the chambers that act as the garbage and fungal 
garden for the colony (DELLA LUCIA, 2011). 

Entomopathogenic fungi are the most commonly studied 
and are used as natural sources of insecticides (TRAVAGLINI, 
2017). However, several species of entomopathogenic nematodes 
(NEPs) can be used in pest control, classified in two genera: 
Heterorhabditis and Steinernema (ALMENARA et al., 2012). 
Entomopathogenic bacteria associated with the NEPs present 
an extensive repertoire of genes involved in the production of 
toxins and secondary metabolites (MS). These molecules are 
thought to be responsible for ensuring the pathogenic pro-
cess for the insect and invasion inside the host’s body, as well 
as the maintenance of symbiosis with nematodes (CLARKE, 
2008). Recent studies have shown that phytopathogenic fungi 
(Alternaria, Botrytis, Cochliobolus, Fusarium, Geotrichum, 
Penicillium, Sclerotina and Phytophthora) damage agriculture 
(DONG et al., 2006) and are inhibited by metabolites pro-
duced by bacteria associated with NEPs (FANG et al., 2014; 
HAZIR et al., 2016). Therefore, such bacteria could be a new 
alternative for attine ant management, as these insects main-
tain an intimate symbiotic relationship with fungus.

The inhibitory effect of bacteria from the genus Xenorhabdus 
on some phytopathogenic fungi has been recorded in previous 
studies (CHEN et al., 1994; BÖSZÖRMÉNYI et al., 2009). 
For Photorhabdus spp., antimicrobials 2-isopropyl-5-(3-phe-
nyl-oxiranil)-benzeno-1, 3-diol, 3, 5, di-hydroxy-4-isopropyl-
stilbene and β-lactama carbapenem (HU et al., 2006; BODE, 
2009) have been reported.

There is great potential for cultivation of NEPs through 
fermenters (TAVARES et al., 2007) and associated bacteria 
through liquid cultivation medium, which allows for large scale 
production with low costs (SHAPIRO-ILAN et al., 2014). 
In addition, the molecules of metabolites produced by bacteria 
have already been identified, as is the case for trans-cinnamic-
acid (TCA), a bio-fungicide with proven action (BOEMARE; 
AKHURST, 2006), along with other antimicrobial compounds 
(MCINERNEY et al., 1991) present in this study.

Considering advances in research designed to promote 
biological control and the possibilities of new application tech-
nologies, we conducted a preliminary study aiming to con-
trol leaf-cutter ants of the species Atta sexdens (Forel, 1908). 
For this, we evaluated the inhibition of the fungus cultivated 
by these insects in the presence of metabolites produced by 
bacteria of the genus Xenorhabdus. 
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The bacteria Xenorhabdus szentirmaii PAM 25, used in 
the experiments, were kept in the collection of the Laboratory 
of Biological Control at Instituto Biológico. Such cultures 
were plated in nutrient bromothymol blue agar (NBTA) 
and then tryptic soy broth (TSB) medium, in which they 
were kept at 28ºC and agitated at 150 rpm for six days, to 
concentrate the maximum amount of secondary metabo-
lites in the medium.

Previous tests were carried out to verify the susceptibil-
ity of the fungal symbiotic of leaf-cutter ants A. sexdens to the 
PAM 25 bacteria. For this, we used four mini colonies from 
the colony maintained in the Laboratory of Social-Pest Insects 
(LISP) at São Paulo State University “Júlio de Mesquita Filho” 
(UNESP), Campus Botucatu (FORTI et al., 1994). Each mini 
colony contained about 250 mL of symbiotic fungus garden 
and received 1 mL of TSB cultivation medium with bacte-
ria, which was applied directly to the fungus garden with a 
pipette. After one week, the volume of the symbiotic fungus 
reduced to half the initial volume in three of the four colonies. 

We conducted a second test to evaluate whether the inhi-
bition of L. gongylophorus FF2006 growth caused by the bac-
teria PAM 25 depended on the bacterial presence or on the 
presence of metabolites produced by the bacteria. This in 
vitro bioassay consisted of pure cultures of L. gongylophorus 
FF2006 (Microbial Resource Center code — CRM-UNESP), 
cultivated in cultivation media with the metabolites produced 
by PAM 25. This bioassay was created in the Laboratory of 
Fungi Ecology and Systematics (LESF), at UNESP Rio Claro. 
First, bacteria were grown in TSB for six days, with agita-
tion of 350 rpm. After that period, the bacteria cultivation 
medium was centrifuged at 3,800 rpm for 1 hour. The culti-
vation medium with the secondary metabolites was then sep-
arated from the bacterial biomass and filtered with cellulose 
paper of 0.22 µm. The suspension containing the metabolites 
was then diluted in potato + dextrose + agar (PDA) medium 
in the proportions of 10% (18 mL PDA + 2 mL of metabo-
lites per plate), 25% (15 mL of PDA + 5 mL of metabolites 
per plate), and 50% (10 mL of PDA + 10 mL of metabo-
lites per plate) and poured into Petri dishes for the diffusion 
test. Six mm fragments of L. gongylophorus FF2006 were 
inoculated in the center of each plate (n = 10 for each treat-
ment), which were incubated in the dark at 25ºC for 14 days. 
Two negative controls were performed, in which the FF2006 
mutualist fungus was cultivated: in PDA medium; and in a 
PDA medium plus TSB medium (1:1).

The final mycelial growth areas (after 14 days of cultiva-
tion) of L. gongylophorus FF2006 were scanned with an HP 
Deskjet 2050 scanner (600 dpi resolution). In addition, the 
plates were photographed with a digital camera. Using the 
scanned images, the mycelial growth areas were measured in 
the ImageJ v. 1.6.0_24 software (ABRÀMOFF et al., 2004). 
The data was statistically analyzed using the non-parametric 
Mann-Whitney test, in the R version 3.3.1 software (R CORE 

TEAM, 2016), which compared the mycelial growth of the 
mutualist fungus in the presence of the three different metab-
olite concentrations: 10, 25 and 50% with negative controls.

Due to the decrease in the fungal garden volume 
(Fig. 1), that is, the decline of the colony’s food reserve to 
half the initial volume (250 mL) after one week of expo-
sure to TSB medium in three of the four mini colonies 
exposed, we sought to understand whether this effect was 
caused by the presence of bacteria or by the presence of 
the metabolites produced by bacteria.

Figure 1. Mini colony: before (A) and after (B) one week 
exposure to 1 mL of tryptic soy broth (TSB) cultivation medium 
with bacteria. (C) Representation by Forti et al., 1994.

A

B
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After conducting the diffusion tests (Fig. 2), with statistical 
analysis applied, we observed a significant difference in myce-
lial growth of L. gongylophorus in both controls. Therefore, the 
presence of the TSB medium was detrimental to the growth 
of this fungus. However, the difference was small (p = 0.01). 
The significant difference for the comparative analysis of both 
controls with the 10% metabolites treatment was very large 
(p > 0.00001). As for the treatment with metabolites at 25%, 
the mutualist fungus died after 24 hours of incubation, and 
all the mycelium on the plug degenerated, as well as in the 
treatment with concentration 50% (Table 1).

DE PAULA et al. (2006) used the supernatant of the 
bacteria Photorhabdus temperata K122, and verified the sus-
ceptibility to pathogenicity, as well as the behavioral effect 
post exposure, of leaf-cutter ants Acromyrmex subterraneus 
subterraneus and Atta laevigata (Hymenoptera: Formicidae) 
after topical application of the bacteria in the gaster region. 
Therefore, we suggest the fungus as the main target for applica-
tion, through attractive capsules (TRAVAGLINI et al., 2017) 
or broth (COLELLA et al., 2016). 

Bacteria associated with NEPs, Photorhabdus and 
Xenorhabdus ,  that produce fungicidal metabolites 
(HAZIR et al., 2016; FANG et al., 2014), are candidates 
for controlling the symbiotic fungus and circumvent the 

morphological, mechanical, and biochemical defenses of 
leaf-cutter ants (KERMARREC, 1986). Herein, such bac-
teria were used to contaminate the ants’ food reserve, since 

Table 1. Mycelial growth area of Leucocoprinus gongylophorus 
FF2006 (cm2) and standard error in the five treatments used 
in this study.

Treatment Mycelial 
area P1 P2

a) Control 01 
(PDA)

4.14 ± 0.21 0.018

b) Control 02 
(PDA + TSB)

3.43 ± 0.06 0.018

c) 10% de 
metabolites*

1.26 ± 0.05 > 0.00001 > 0.00001

d) 25% de 
metabolites*

0**

e) 50% de 
metabolites*

0**

PDA: potato + dextrose + agar; TSB: tryptic soy broth; statistics obtained 
with a non-parametric Mann Whitney (p < 0,05). P1: p obtained from 
paired comparisons of different treatments to the Control 01; P2: values 
obtained from paired comparisons of different treatments to the Control 
02; *metabolites produced by the bacteria Xenorhabdus sp. in TSB 
cultivation medium for six days; **no mycelial growth.

Figure 2. Illustration of mycelial area. Treatments: (A) Control 01 PDA, (B) Control 02 (PDA+TSB), (C) metabolites 10%, 
(D) metabolites 20%, (E) metabolites 50%.
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this reasoning was already considered for endophytic bac-
teria (GONZAGA, 2012).

As proven in the diffusion test, the symbiotic fun-
gus (L. gongylophorus) was susceptible to all concentra-
tions and died at high concentrations (25 and 50%) of 
the secondary metabolites from the bacterium X. szen-
tirmaii PAM 25. Furthermore, such supernatant acted 
indirectly, promising to control leaf-cutter ants even 
without the bacterium. Our methods were similar to 
those from other studies about bioactive extraction with 
the fungi Trichoderma spp., to inhibit other phytopatho-
genic fungi from different families (ISAIAS et al., 2014). 
Therefore, we indicate another control alternative that 

uses secondary metabolites and contribute to the imple-
mentation of this promising line of research.
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