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Abstract: Spittlebugs are pests that affect forage plants in
tropical America, causing damage to such plants and causing
significant annual losses in milk and meat production. One
of the alternatives for combating these insect pests with
minimal environmental impacts is the use of entomopa-
thogenic fungi. The objectives of this research were: (i) to
evaluate the endophytic potential of entomopathogenic
fungi applied toUrochloa ruziziensis (R.Germ. & C.M.Evrard)
Crins (synonymous with Brachiaria ruziziensis; Poaceae)
through seed treatment for the control of the spittlebug
species, Mahanarva spectabilis (Distant) and Deois schach
(F.) (Hemiptera: Cercopidae); (ii) to analyze the efficiency of
banker plants as a means of spreading the fungi to the field;
and (iii) to determine the frequency of infection after the
storage of treated seeds. U. ruziziensis seeds were treated
with a suspension containing 1 × 108 conidia of the fungi
Fusarium sp. (Hypocreales: Nectriaceae), Metarhizium ani-
sopliae (Metschn.) Sorokīn (Hypocreales: Clavicipitaceae) or
a commercial strain ofM. anisopliae for 30 min, after which
they were planted in 2 L planters and kept in a greenhouse.

The surplus of treated seeds was conditioned at 22 °C and
sown monthly for 10 months. Insects were fed plants from
treated seeds. The entomopathogenic fungi were found to
be endophytic and to equally infect the two species of spit-
tlebugs from pastures, M. spectabilis and D. schach, at
different stages of development; however, they caused
low nymphal mortality. The banker plant technique with
plants from seeds treated with entomopathogenic fungi was
efficient. Furthermore, it was observed that it is possible to
store seeds treated with fungi for 12 months. These results
open the perspective of using entomopathogenic fungi
with endophytic action as an auxiliary tool in reducing the
populations of pasture spittlebugs in tropical regions.
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Resumo: As cigarrinhas-das-pastagens são pragas que atin-
gem as forrageiras na América Tropical, causando danos pro-
movendo elevadas perdas anuais na produção de leite e de
carne. Uma das alternativas para o combate destes insetos-
praga é o uso de fungos entomopatogênicos que não geram
impactos ambientais. Sendo assim, os objetivos da pesquisa
foram: i-avaliar o potencial endofítico de fungos entomopato-
gênicos aplicados em Urochloa ruziziensis (R.Germ. & C.M.Ev-
rard) Crins (sinonímia de Brachiaria ruziziensis; Poaceae), por
meio do tratamento de sementes, para o controle de Maha-
narva spectabilis (Distant) e Deois schach (F.) (Hemiptera:
Cercopidae); ii-analisar a eficiência de plantas banqueiras
comomeio de disseminação do fungo à campo e, iii-determinar
a frequência de infecção após o armazenamento de sementes
tratadas. As sementes de braquiária foram tratadas com a
suspensão, contendo 1 × 108 conídeos por 30 minutos, dos
fungos Fusarium sp. (Hypocreales: Nectriaceae) Metarhizium
anisopliae (Metschn.) Sorokīn (Hypocreales: Clavicipitaceae) e
Metarhizium anisopliae (cepa comercial), foram plantadas em
vasos comcapacidade de 2 L, emantidas em casa-de-vegetação.
O excedente de sementes tratadas foi devidamente acondicio-
nado à 22 °C e semeadas, mensalmente, por 10 meses. Ninfas e
adultos dos insetos-praga foram alimentadas com as plantas
advindas de sementes tratadas. Constatou-se que os fungos
entomopatogênicos foram endofíticos, infectaram igualmente
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as espécies de cigarrinhas das pastagens M. spectabilis e
D. schach nos diferentes estágios de desenvolvimento; porém,
ocasionaram baixa mortalidade ninfal. O uso da técnica de
planta banqueira contendo plantas advindas de sementes tra-
tadas com os fungos entomopatogênicos foi eficiente. Além
disso, observou-se que é possível armazenar as sementes tra-
tadas com os fungos por 12 meses. Esses resultados abrem a
perspectiva do uso de fungos entomopatogênicos com ação
endofítica como uma ferramenta auxiliar na redução das
populações das cigarrinhas das pastagens nas regiões tropicais.

Palavras-chaves: braquiária; controle biológico; insetos-
praga; plantas banqueiras; tratamento de sementes

1 Introduction

Brazil, currently the main exporter of beef (EMBRAPA 2021),
has the largest herd in the world and ranks third in milk
production (MAPA 2022). According to the Instituto Brasi-
leiro de Geografia e Estatística (Instituto Brasileiro de Geo-
grafia e Estatística 2020), the coverage of natural pastures in
Brazil was reduced by 17.9 % from 57,633,189 ha in 2006 to
47,323,399 ha in 2017. On the other hand, the area of planted
pastures increased by 9.5 %, which represents an increase of
9,765,275 ha, especially in the northern region, which expe-
rienced strong expansion of cattle raising. However, despite
the efforts undertaken to expand forage grass cultivation,
the mortality of Urochloa spp. (Hochst. ex A. Rich.) R. D.
Webster = Brachiaria spp. (Hochst. ex A. Rich Stapf) (Poa-
ceae), due to the presence of pests, has been described as a
factor with a negative impact on the growth of national
livestock (Dias Filho 2017).

Resende et al. (2013) highlighted spittlebugs as the main
pests of forage grasses in tropical America. During the act
of sucking, various species of spittlebugs (Hemiptera: Cer-
copidae), including Mahanarva spectabilis (Distant) and
Deois schach (F.), inject toxins into the plants that promote
cell death, yellowing, and consequently complete desiccation
of the plants (Fazolin et al. 2016). Pastures consequently
suffer a significant reduction in the volume of dry matter
production; in addition, they also face a drop in the nutri-
tional quality and palatability of the forage produced
(Valério 2009). The problems caused in pastures by the
annual attack of these insect pests are recurrent, which
drastically reduce the production and quality of susceptible
forage pastures, causing approximately US $2 billion yearly
damage worldwide (Thompson 2004).

To mitigate the problem caused by spittlebugs in pas-
tures, some strategies based on plant resistancemechanisms
(Valverde 2006; Auad et al. 2007; Congio et al. 2012; Resende
et al. 2013; Silva et al. 2017; Paladini et al. 2018; Alvarenga

et al. 2019; Congio et al. 2020), the diversification of pastures
with the inclusion of grasses resistant to spittlebugs (Alvar-
enga et al. 2019), the use of compounds of plant origin (Dias
et al. 2019; Nascimento et al. 2021), and entomopathogenic
fungi (Pereira et al. 2008; Campagnani et al. 2017; Pitta et al.
2019; Ribeiro and Cazarotto 2019), have been proposed. The
last alternative, however, has a serious limitations due to its
dependence on abiotic factors, which are directly related to
the efficiency of spittlebug control. In this regard, it is
important to consider that some fungal species live under
endophytic conditions, which can alleviate this instability
driven by abiotic factors. Based on the aforementioned
context, this study was performed considering the hypoth-
esis that fungi with endophytic potential for the control of
spittlebugs can reduce problems related to climatic factors.

It is also noteworthy that, in addition to the natural form,
biological control agents can be introduced through spraying,
seed treatments, and banker plants. Banker plants are
established and managed adjacent to the crops, which may
attract natural enemies for pest control. Themethod has been
widely investigated overmany years and used to facilitate the
establishment, development and dispersal of organisms that
are beneficial in the biological control of pests. Banker plants
act directly or indirectly, providing resources such as prey or
hosts and food for natural enemies that are deliberately
added to the cropping system to aid in the reproduction and
maintenance of natural enemy populations that live close to
the crop, providing specific pest control (Huang et al. 2011;
Andorno and López 2014). Based on this system, it was
hypothesized that the inclusion of plants from seeds treated
with entomopathogenic fungi showing endophytic potential
would reduce the adult population of spittlebugs in pastures.

Furthermore, maintaining the viability and presence of
endophytic fungi in seeds is a strategy to be investigated in
the seed storage process, considering that in a forage
breeding program, seed storage involves selecting materials
with desirable characteristics over time.

Therefore, the objectives of this research were: (i) to
evaluate the endophytic potential of entomopathogenic
fungi applied toUrochloa ruziziensis through seed treatment
for the control ofM. spectabilis and D. schach; (ii) to analyze
the efficiency of banker plants as a means of spreading fungi
to the field; and (iii) to determine the frequency of infection
after the storage of treated seeds.

2 Materials and methods

The present study was carried out in a greenhouse at
Embrapa Dairy Cattle and at the Experimental Field José
Henrique Bruschi-CEJHB (21.5565833 °S, 43.2692222 °W;
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Coronel Pacheco, Minas Gerais). Steps related to obtaining
and confirming the entomopathogenic fungiwere conducted
at the Federal University of São João Del Rei, São João Del Rei,
Minas Gerais (UFSJ).

2.1 Origin of entomopathogenic fungi and
seeds of U. ruziziensis

Fungi isolated in a silvopastoral system in the state of
Maranhão, Brazil, Fusarium sp. (Hypocreales: Nectriaceae;
UFMG 11443, GenBank = ON831395) and Metarhizium ani-
sopliae (Metschn.) Sorokīn (Hypocreales: Clavicipitaceae;
UFMG 11444, GenBank = ON831396) were provided by the
entomopathogens collection of the Department of Bio-
systems Engineering (DEPEB), UFSJ, maintained since
2017. These fungi are deposited in the Microorganism
Collection of the Federal University of Minas Gerais, Brazil
(World Data Center for Microorganisms - WDCM 1029.
CM-UFMG). The DNA sequences were analyzed and
compared with the type culture sequences deposited in
GenBank using the BLASTn program (Basic Local Align-
ment Search Tool version 2.215 of BLAST 2.0) available
from the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/blast/). The other strain ofM.
anisopliae, strain E9 (1.39 × 108 conidia/g), was purchased
commercially from KOPPERT do Brasil Holding S.A® (Piraci-
caba, São Paulo, Brazil). The U. ruziziensis cv. Kennedy seeds
were purchased commercially from SOESP Company (Presi-
dente Prudente, São Paulo, Brazil).

2.2 Fungal inoculation of seeds

For each fungus, 100 g of seeds was used. After weighing the
seeds, superficial disinfestation was performed by washing
the seeds in sodium hypochlorite (2 %) for 2 min and then in
70 % alcohol for 1 min. After these steps, the seeds were
rinsed with distilled water according to the methodology
adapted from Carvalho et al. (2012) and Ferreira et al. (2017).
Batches of conidiawere tested for their viability according to
the methodology proposed by Lopes et al. (2013). For fungal
inoculation, 400 mL of sterile distilled water suspension
containing 1 × 108 conidia/mL was added, as specified for the
commercially acquired M. anisopliae strain, and 0.05 %
Tween 80 was included as a surfactant. A control suspension
without the presence of fungi was prepared, for a total of
four treatments. The seeds were in contact with the sus-
pension for 30 min according to an adaptation of the meth-
odology by Keyser et al. (2014).

2.3 Cultivation of U. ruziziensis containing
entomopathogenic fungi

Ten U. ruziziensis seeds treated with entomopathogenic
fungi were deposited on a soil, sand, and manure mixture at
a ratio of 3:1:1 (Resende et al. 2012) and were covered with a
layer of vermiculite (Micron® Jacareí, São Paulo, Brazil) in a
2L planter. Every 45 days the soil was fertilized with urea
(0.09 g/planter), simple superphosphate (0.04 g/planter),
and potassium chloride (0.04 g/planter). The plants were
irrigated by MA-50 micro-sprinklers with anti-drops
(Photogenesis, Belo Horizonte, Minas Gerais, Brazil) with a
capacity of 50 L/h/m2, automatically, three times a day for
15 min throughout the experiment. After 45 days, the first
pruning was performed, leaving the plants 15 cm tall.

2.4 Pest insect collection

In October 2022, adults of M. spectabilis and D. schach were
collected from the experimental field of Embrapa Dairy
Cattle in Coronel Pacheco, Minas Gerais State, Brazil with an
entomological net. The captured adults were placed in
entomological cages at the Entomology Laboratory at
Embrapa Dairy Cattle. After five days, eggs of the two pest
species were collected following the methodology of Auad
et al. (2007). Then, 50 eggs of each species were placed on the
U. ruziziensis, in the vegetative phase (40 cm high), without
the presence of fungi, in the greenhouse and covered with
voile fabric to prevent the nymphs from escaping after
hatching. Forty planters were infested, totaling 2,000 eggs/
species. After 35 days, the nymphs obtained from the
planters were used in the experiments.

2.5 Molecular analysis of fungi

After macro- and micromorphological analysis, the fungal
isolates were grouped and from each group a random
sample was taken with characteristics similar to the fungi
applied for molecular analysis, totaling: 12 samples for
experiment 1; eight samples for experiment 2, 3, and 4.
Filamentous fungi were inoculated on dextrose (4 %), casein
(1 %) and agar (1.5 %; Sabouraund dextrose agar, KASVI®,
Spain) for seven days. The DNA of the isolates was extracted
from the microorganism grown in culture medium accord-
ing to the method described by Doyle and Doyle (1987).
The extracted genomic DNA sample was submitted to the
polymerase chain reaction (PCR) to amplify the internal
transcribed spacer (ITS) region of the rDNA using the
SR6R (5′ – AAGWAAAAGTCGTAACAAGG – 3′) and LR1
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(5′ – GGTTGGTTTCTTTTCCT – 3′) primer oligonucleotides
(Vilgalys and Hester 1990). The PCRmixture consisted of 1 µL
of DNA, 1 µL of each primer at 10 µM, 10 µL of 5X PCR buffer,
1 µL of dNTPs at 10 mM, 0.2 µL of GoTaq DNA polymerase
5U/µL (Promega), and 35.8 µL autoclaved MilliQ H2O, for a
final volume of 50 µL. The amplification program consisted
of initial denaturation at 94 °C for 2 min followed by 40 cycles
of denaturation at 94 °C for 10 s, annealing at 54 °C for 30 s,
extension at 72 °C for 45 s, and final extension at 72 °C for
4 min. The amplified products were verified by electropho-
resis on a 0.8 % agarose gel stained with ethidium bromide.
The amplified products were purified by precipitation with
polyethylene glycol (Schmitz and Riesner 2006), submitted to
the sequencing reaction by the chain termination method
using the Big Dye 3.1 reagent (Applied Biosystems) and
analyzed in a 3,500 xL automatic capillary sequencer
(Applied Biosystems).

2.6 Experiment 1: evaluation of the
frequency of infection and persistence of
fungi in plant tissues

U. ruziziensis seeds were treated with the three fungal
strains and the control solution without the presence of
fungi. The seeds were deposited on the soil, sand and
manure mixture at a ratio of 3:1:1 (Resende et al. 2012),
and were covered with a layer of vermiculite (Micron®,
Jacareí, São Paulo, Brazil), in a 2 L planter, and kept in a
greenhouse.

Plant tissue samples (top leaf) were taken at random
points from plants in 15 planters, totaling 60 leaf samples
(one sample × four treatments × 15 pots/replication) at 45,
120, and 150 days after sowing. These leaves were put into
sterile plastic tubes, placed in a thermal box and trans-
ported to DEPEB (UFSJ) for testing. Each leaf was surface
disinfected by immersion in 70 % ethanol (1 min) and 2 %
sodium hypochlorite (1 min), followed by washing with
sterile distilled water (2 min) (Carvalho et al. 2012; Fer-
reira et al. 2017). After disinfection, a fragment of each leaf
was placed in a Petri dish containing Sabouraud dextrose
agar culture medium (4 % dextrose, 1 % casein, and 1.5 %
agar; Kasvi®). The plates were incubated at 25 °C ± 2 °C for
approximately 7 days in an EletroLab® BOD-type climat-
ized chamber. To verify the presence of the inoculated
fungi, the macromorphology and micromorphology of the
fungi present in the fragments were compared to the
three inoculated fungal strains according to methodology
adapted from Fróhlich et al. (2000). The fungal species
were grouped using identification keys according to Alves

(1998) for subsequent molecular analysis (see section
above).

The experimental design used was completely ran-
domized with plants from seeds treated with different fungi
or left untreated (control). The treatments were represented
by the leaves collected randomly from each pot for the
analysis of the frequency of infection by the fungi applied.
Endophytic confirmationwas adoptedwhenmore than 60 %
of the samples presented the characteristics of the fungi
applied.

2.7 Experiment 2: efficacy of
entomopathogenic fungi applied via
seed and confirmation of infection, for
the control ofM. spectabilis and D. schach
in a greenhouse

The experimental design was completely randomized in a
factorial scheme (4 × 2) consisting of seeds treated with the
three fungal strains or the control solution and two species
of spittlebugs, M. spectabilis or D. schach, with 10 replica-
tions per treatment, totaling 80 planters.

Ninety days after sowing, 10 nymphs (from the third to
fifth instar) of each species were placed in each planter.
Daily, for a period of 10 days, the nymphs that died and the
adults that emerged and died were removed, packed in
1.5 mL microcentrifuge tubes and labeled according to
treatment. After this period, on the 10th day, dead and alive
nymphs and adults were collected for analysis of the pres-
ence of the fungi. Ten adults coming from nymphs that did
not die under the action of the fungi were placed on the
aerial part of the same plant from each treatment. Ten days
after placing for a second time, the insects that were dead
were removed (after 20 days of exposure for that individual),
packed in 1.5 mL microcentrifuge tubes and labeled
according to treatment. The mortality data (%) in the
different treatments were used to calculate the efficiency of
the fungi in the greenhouse bioassay.

Samples of nymphs and/or adults of spittlebugs were
collected into sterile 1.5 mLmicrocentrifuge tubes to analyze
the cause of mortality and placed in thermal boxes. The
samples were taken to the DEPEB at UFSJ for incubation in
themiddle of culturemedium selective for fungi (Sabouraud
dextrose agar, 4 % dextrose, 1 % casein, and 1.5 % agar;
Kasvi®) to evaluate the presence of fungi in the nymphs and
adults of spittlebugs, which were applied in the treatment of
U. ruziziensis seeds. Superficial disinfestation of insects,
fungal isolation and identification were performed as
described for Experiment 1.
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2.8 Experiment 3: efficacy of
entomopathogenic fungi applied via
seeds and used on banker plants to
control M. spectabilis under field
conditions

Ten U. ruziziensis seeds treated with the three fungal strains
and seeds from the control group, without any fungus, were
planted in the greenhouse, as described for Experiment 1.
When the plants had been sown for 100 days, 10 pots from
each treatment plus the control group were taken to the
experimental field and placed in clumps of elephant grass
(Pennisetum purpureum Schumach.; Poaceae) with proven
attack by M. spectabilis (to prove attack, screening and a
visual search were carried out on the foam containing
nymphs at the base of the plants). The pots were placed in a
straight line with a distance of 5 m between them.

Every 7 days for a period of 3 weeks, the numbers of
dead spittlebug adults from nymphs fed on elephant grass
and that, upon emerging as adults, migrated to plants that
were in planters, were determined. This count was per-
formed in a radius of 2 m around each planter. Five samples
were collected from each replicate per treatment, which
were packaged and sent for analysis of the presence of the
fungi in the insect tissues, as described in Experiment 1.

2.9 Experiment 4: analysis of the persistence
of fungi in tissues of U. ruziziensis and
infection of M. spectabilis on plants of
different ages

After treatment with the three fungi strains or no fungal
treatment, the U. ruziziensis seeds were stored for 60 days in a
climatized chamber (22 °C). From thismoment on, seed samples
were collected to germinate every 30 days for 10 consecutive
months. The plants obtained on each of the sowing dates were
kept in 2 L planters in a greenhouse with controlled fertiliza-
tion, irrigation and pruning tomaintain an approximate height
of 25 cm. The aerial part of the plants of batch from one to nine
were pruned at 45 days, leaving the plants 15 cm tall. Plants in
the last batch of seeds (the youngest plants) were 45 days old
and so were not pruned. So, when infested withM. spectabilis
nymphs the aerial part of all plants was 45 days-old.

A randomized block design was used with plants from
seeds treated with different fungi strains or untreated (con-
trol) with plants of different ages (1–10 months), with five
replications. When the plants of the last batch of seeds were
45 days old, the plants of all 10 batches (plant age from 45 days
to 10months, sowing times)were infestedwith four nymphs of

the third and fourth instars ofM. spectabilisper pot to evaluate
the presence of the fungus and its efficiency in controlling the
insect and to define the persistence of the fungus in stored
seeds and in vivoplantsmanagedwith elimination of the aerial
part (cuts) to simulate natural conditions in a pasture.

For analysis of the frequency of fungal infection in plant
tissue (leaves), a random sample was taken from each plant,
totaling five samples per treatment, placed in a sterile 1.5 mL
microcentrifuge tube, placed in a thermal box and taken to
theMicrobiology Laboratory of the Federal University of São
João Del Rei for testing.

For analysis of the frequency of fungal infection in the
pest insects fed on the plants from the different sowing lots,
four nymphs ofM. spectabiliswere allocated per planter, and
to prevent the nymphs of the insect pest from escaping, the
planters were covered with voile. After 10 days of insect
feeding in different treatments, dead and live nymphs were
removed and placed in 1.5 mL microcentrifuge tubes. They
were then frozen at −22 °C and sent to DEPEB, UFSJ, Minas
Gerais, Brazil, to verify the presence of fungi in insect tissues.
Superficial disinfestation of insects and leaves ofU. ruziziensis
and fungal isolation and identification were performed as
described for Experiment 1.

2.10 Statistical analyses

All data analyses were performed with R version 4.2.2 (R Core
Team 2022). The data obtained did not meet normality
assumptions related to the residuals and homogeneity of var-
iances (Shapiro–Wilk test and Bartlett test, p < 0.01). A gener-
alized linear model (GLM) followed by analysis of variance
(ANOVA) was used to verify whether there were significant
differences in the proportions of plants and spittlebugs
expressing the presence of endophytic fungi and the mortality
of spittlebugs that fed on plants inoculatedwith the endophytic
fungi. For these comparisons, a GLM was used in a logistic
regression model with a binomial distribution, and the “hnp”
package (Moral et al. 2017) was previously used to choose the
best model. In this model, the effects of treatments (fungal
species, spittlebug species, developmental stage, and storage
time) were tested individually, as were their interactions. In
instances where the impact of interactions did not attain sta-
tistical significance, the effects of treatments were assessed
independently. The treatments were separated using logistic
regression, which allows the prediction of values taken by a
categorical variable, normally binary, from a series of contin-
uous and/or binary explanatory variables. This is a regression
model for binomially distributed dependent variables. Thus, it
is a generalized linear model that uses the logit function as the
link function. This model does not assume normality of
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residuals or homogeneity of variances. The presence or
absence of the endophytic fungi in the plants or spittlebugswas
included as a variable in the model. The packages visreg
(Breheny and Burchett 2019), MASS (Ripley 2019), ggplot2
(Wickham 2016), and GGally (Schloerke et al. 2021) were used
for the logistic regression.

3 Results

3.1 Frequency of infection and persistence
of fungi in plant tissues

The interactions (fungal species and period of permanence of
fungi in plants) did not attain statistical significance; hence, the
effects of treatments were assessed independently. The ento-
mopathogenic fungi Fusarium sp. (UFMG 11443),M. anisopliae
(UFMG 11444), and M. anisopliae (commercial strain) were

isolated from the tissues of U. ruziziensis 45 days after seed
treatment, which confirmed their endophytic capacity. The
presence of the fungi used in the treatments was confirmed by
molecular analysis (Table 1). The percentage of plants with the
fungi in their tissues was above 60%, which was significantly
higher (χ2 = 399.72; df = 3; P < 0.0001) than the percentage of
plantswith fungi in their tissues obtained fromuntreated seeds
(Figure 1A). This percentage did not differ significantly among
the plants obtained from the seeds that were treated with
different fungi. In addition, it was found that the fungi in plants
was reduced significantly 150 days after sowing comparedwith
45 days after sowing (χ2 = 386.12; df = 2; P = 0.0011) (Figure 1B).

3.2 Isolation of fungi from spittlebugs and
insect pest mortality in a greenhouse

The interactions (spittlebug species and insect develop-
mental stage) did not attain statistical significance; hence,

Table : Confirmation of fungi applied via Urochloa ruziziensis seeds in Mahanarva spectabilis nymphs fed on these plants in greenhouse and field, and
plant tissue after infested. GenBank accessions of sequences.

Fungi applied Experiment Isolate habitat/host Molecular analysis GenBank

Metarhizium anisopliae Exp# Plant tissues Metarhizium anisopliae or M. robertsiia OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Plant tissues Fusarium sp. OR
Fusarium sp. Plant tissues Fusarium sp. OR
Fusarium sp. Plant tissues Fusarium sp. OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR

Metarhizium anisopliae Exp# Nymphs Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Nymphs Fusarium sp. OR
Fusarium sp. Nymphs Fusarium sp. OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR

Metarhizium anisopliae Exp# Nymphs Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Nymphs Fusarium sp. OR
Fusarium sp. Nymphs Fusarium sp. OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Nymphs Metarhizium anisopliae or M. robertsii OR

Metarhizium anisopliae Exp# Plant tissues Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Plant tissues Fusarium sp. OR
Fusarium sp. Plant tissues Fusarium sp. OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR
Metarhizium anisopliae Plant tissues Metarhizium anisopliae or M. robertsii OR

Metarhizium anisopliae Exp# Adults Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Adults Fusarium sp. OR
Metarhizium anisopliae Adults Metarhizium anisopliae or M. robertsii OR
Fusarium sp. Adults Fusarium sp. OR
Metarhizium anisopliae Adults Metarhizium anisopliae or M. robertsii OR

Exp# Nymphs from the greenhouse; Exp# Nymphs from the field; a ITS region does not allow these species to be distinguished.
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the effects of treatments were assessed independently. The
presence of the entomopathogenic fungi isolated from
nymphs was confirmed by molecular analysis (Table 1).
The entomopathogenic fungi Fusarium sp. (UFMG 11443),
M. anisopliae (UFMG 11444), and M. anisopliae (commercial
strain) were isolated for up to and including 10 days from
live nymphs and adults ofM. spectabilis andD. schach fed on
plants derived from seeds treated with the respective fungi.
The presence of fungi did not differ significantly (χ2 = 162.16;
df = 1; P = 0.1839) between M. spectabilis and D. schach
(Figure 2A) or between the developmental stages (χ2 = 162.05;

df = 1; P = 0.7419) of these insects (Figure 2B), demonstrating
that the samples of the entomopathogenic fungi used
affected both nymphs and adults of the spittlebug species.
However, despite the confirmation of the presence of the
fungi on the spittlebugs, the nymphalmortalitieswere below
20 % and did not differ significantly (χ2 = 17.24; df = 3;
P = 0.9853) from those of spittlebugs fed on plants from seeds
not treated with the fungi (control) (Figure 2C).

Adults that died within 10 days, coming from nymphs
that did not die under the action of the fungi within 10 days
(20 days of exposure for that individual) were confirmed as

Figure 1: Entomopathogenic fungi Fusarium sp. (UFMG 11443, GenBank = ON831395),Metarhizium anisopliae (UFMG 11444, GenBank = ON831396), and
Metarhizium anisopliae (commercial strain) present on the leaves of Urochloa ruziziensis at 45 days of age (A). Presence of entomopathogenic fungi in
plants of different ages (B). Significant differences are indicated by different letters above bars.

Figure 2: Infection and mortality of spittlebugs fed on plants grown from seeds treated with the entomopathogenic fungi Fusarium sp. (UFMG 11443,
GenBank = ON831395), Metarhizium anisopliae (UFMG 11444, GenBank = ON831396), and Metarhizium anisopliae (commercial strain) in the greenhouse.
Infection frequency of Mahanarva spectabilis and Deois schach (A). Adults and nymphs with the presence of entomopathogenic fungi (B). Mortality of
spittlebug nymphs and adults in 10 days due to entomopathogenic fungi (C). Adult mortality (%) coming from nymphs that did not die under the action of
the fungi in each treatment within 10 days, 10 days after placing the insects back on the aerial part of the plant (20 days of total exposure for that
individual; D). Significant differences are indicated by different letters above bars.
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infected by the endophytic fungi, with no significant differ-
ences in infection among the fungi applied. Only the control
differed statistically from the other treatments, where the
insects were not infected by the fungi used in the experi-
ments (χ2 = 39.14; df = 3; P = 0.0010) (Figure 2D).

3.3 Fungal isolation from spittlebugs and
pest insect mortality under field
conditions

The introduction of planters of banker plants from seeds
treated with the fungi Fusarium sp. (UFMG 11443),M. aniso-
pliae (UFMG 11444), and M. anisopliae (commercial strain)
caused infection in M. spectabilis adults reared in elephant
grass clumps in the field. In theM. spectabilis adults that fed
on these plants and were collected dead nearby or on the
plants, mortality was above 75 % for the three fungi, with
infection confirmed bymolecular analysis (Table 1), showing
a significant difference (χ2 = 48.27; df = 3; P < 0.0001) from the
control treatment (Figure 3).

3.4 Analysis of the persistence of fungi in the
tissues of U. ruziziensis and infection of
M. spectabilis on plants of different ages

There was no significant interaction (χ2 = 255.11; df = 27;
P = 0.9235) between the species of entomopathogenic
fungi and the storage period of treated seeds/plant ages.
Therefore, these factors were analyzed separately. The fre-
quency of infection by entomopathogenic and endophytic
fungi ranged from 5 % to 40 % in plants derived from seeds

stored for 90 days after inoculation of the fungi (plants for
330 days) or stored for 360 days after inoculation (plants
for 60 days); however, it was not significantly different
(χ2 = 295.88; df = 9; P = 0.1692) between plants measured on
different days after inoculation. This evidence indicates the
persistence of these fungi in plants and stored seeds, which
was confirmed by molecular analysis (Table 1) of the fungi
isolated from the plants over time (Table 2).

Insects fed on plants derived from seeds stored for
90 days (plants for 330 days) or stored for 360 days (plants for
60 days) showed a frequency of infection by entomopatho-
genic fungi from 21.8 % and 58.3 %, respectively; however,
they did not present significant differences (χ2 = 202.04; df = 9;
P = 0.4636) for the time since fungal inoculation, which
verified the persistence of fungi in seeds stored for up to
300 days and in plants 300 days after sowing (Table 2). The
frequencies of fungal infection in plant tissues and M. spec-
tabilis nymphs were significantly higher than that in the
control treatment and did not differ from each other, with a
mean of 28.6 % in plant tissues (χ2 = 179.74; df = 3; P < 0.0001)
and 53.8 % in insect pests (χ2 = 48.27; df = 3; P < 0.0001)
(Table 2).

Figure 3: Dead adults of Mahanarva spectabilis collected in the field
around banker plants grown from seeds treated with entomopathogenic
fungi Fusarium sp. (UFMG 11443, GenBank = ON831395), Metarhizium
anisopliae (UFMG 11444, GenBank = ON831396), and Metarhizium
anisopliae (commercial strain). Insects confirmed to be infected with
entomopathogenic fungi. Significant differences are indicated by
different letters above bars.

Table : Frequency of endophytic fungal infection in the tissues of
Urochloa ruziziensis plants or in Mahanarva spectabilis nymphs when fed
on plants derived from seeds stored for  months after treatment with
endophytic fungi.

Storage period of the
treated seeds (days)

Age of the plant
used in the experi-
ment (days)

Infection
frequency (%)

In-plants In-insects

  . .
  . .
  . .
  . .
  . .
  . .
  . .
  . .
  . .
  . .
Significance P = . P = .

Control  a  a
Metarhizium anisopliae Commerical  b . b
Fusarium sp. UFMG   b . b
Metarhizium anisopliae UFMG  b . b
Significance P < . P < .

Frequency values (%) of endophytic fungal infection in plant tissues or
insects followed by the same letters are not significantly different as per the
analysis of variance.
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4 Discussion

The use of entomopathogenic fungi for biological control of
spittlebugs can benefit the milk and meat production chain,
as it would reduce the use of phytosanitary products, such as
pesticides, that are harmful to nonhuman animals, humans,
and the environment, in addition to being, most of the time,
uneconomical and anti-ecological.

The spittlebug control efficiencies of classical applica-
tion of M. anisopliae to plants before infestation by the in-
sects and conidial spraying are between 10 % and 60 %
(Alves 1998). The quality of the fungus applied per unit area,
the application method, the isolate used and the climatic
conditions during the applications are factors that promote
this large variation in efficiency (Dinardo-Miranda et al.
2004). Despite this, the strategy is efficient when used at an
appropriate time and with products from reputable sources
(Auad and da Silva 2019).

Pereira et al. (2008) reported the influence of dry con-
ditions and the time of application on the efficiency of the
fungus M. anisopliae (isolate IBCB 425) in controlling Deois
flavopicta Stål (Hemiptera: Cercopidae) in Urochloa pasture.
These authors found that sunlight is harmful to entomopa-
thogenic fungi. Greenfield et al. (2016) confirmed that the
effectiveness of entomopathogenic fungi is limited by abiotic
factors (e.g., UV radiation, temperature, and low humidity)
that reduce the viability of fungal conidia. These authors also
pointed out an alternative, the inoculation of plants with
entomopathogenic fungi that act as endophytes, providing
protection to the fungus against these abiotic factors.
Corroborating these findings, it was demonstrated in the
present study that the fungi Fusarium sp. (UFMG 11443),
M. anisopliae (UFMG 11444), and M. anisopliae (commercial
strain) were able to colonize the tested plants and cause
epizootics in spittlebugs that fed on the plants.

Over the course of evolution, fungi have evolved several
mechanisms to interact with a variety of living organisms,
including plants. Different genera of entomopathogenic
fungi have been identified as endophytic. In this regard, the
multifaceted lifestyle of entomopathogenic fungi, such as
saprophytes, endophytes, and biocontrol agents, can offer
several benefits to the host plant, such as promoting its
growth and protection against pathogens and insect pests
(González-Pérez et al. 2022).

The use of fungi in biological pest control is under
development, and there may be an future increase in the
production of mycoinsecticides to avoid the use of chemical
elements harmful to nature in agricultural processes (Barão
et al. 2022). Parra (2014) reports that, in Brazil, Mahanarva
fimbriolata Stål (Hemiptera: Cercopidae) is controlled with

the fungusM. anisopliae, covering an area of two million ha.
With the seed treatment methodology presented in this
work, the endophytic fungi can be applied more efficiently
than with traditional topical applications. However, further
studies are needed to determine the length of time that these
entomopathogenic fungi remain viable endophytes in plant
tissue.

Mantzoukas and Lagogiannis (2019) pointed out
that entomopathogenic species such as Beauveria bassiana
(Bals.-Criv.) Vuill. (Hypocreales: Cordicipitaceae), Meta-
rhizium spp., and Isaria fumosorosea Wize (Hypocreales:
Cordicipitaceae) have high pathogenic potential against
insects when inoculated into plants. These species were able
to enter the plant tissues after being sprayed as conidia, with
significantly reduced infection after 14 days. In contrast
to these results, the fungi Fusarium sp. (UFMG 11443),
M. anisopliae (UFMG 11444), and M. anisopliae (commercial
strain) used in the present research, had reduced infection of
plants at 120 and 150 days after inoculation of conidia via
seed. In addition, it is noteworthy that the percentage of
infection was above 60 %, which proved that fungi used in
this research were endophytic and maintained their viru-
lence. According to Campagnani et al. (2017), the success of a
mycoinsecticide depends on several criteria, the main one
being its virulence. The virulence of endophytic fungi pre-
sent in the plant tissue is important in determining whether
insects feed on the plants and ingest and become infected
with the fungi.

Pitta et al. (2019) used M. anisopliae to combat M. spec-
tabilis infestation and obtained satisfactory results for the
infection of both nymphs and adults. This result was
corroborated in the present study, in which the infection
caused by the fungal strains tested was the same for the
nymphal and adult stage ofM. spectabilis and D. schach in a
greenhouse. These fungi were collected for the first time in a
silvopastoral system in Maranhão, naturally occurring in
spittlebug adults, and were recorded as efficient and endo-
phytic (Campagnani et al. 2024). Reiterating the statements
by Branine et al. (2019) for Metarhizium robertsii J.F. Bisch.,
S.A. Rehner & Humber (Hypocreales: Clavicipitaceae), the
fungi tested in this study colonized the plants and infected
the insects, forming a three-way interaction between fungus,
plant, and insect.

In the present study, the frequency of insect pest
infection was above 50 % in the greenhouse and above 60 %
in the field. However, despite the confirmation of the pres-
ence of fungi in spittlebugs, these fungi promotedmortalities
below 20 % in the greenhouse, which did not differ signifi-
cantly from those consuming plants derived from the seeds
not treated by the fungi, perhapsmore timewas required for
the epizootic to occur. This was confirmed with the
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remaining adults, which, despite coming from nymphs that
did not die within 10 days after being placed on the aerial
part of the plant, were infected and were confirmed to have
been killed by the fungi applied in the subsequent 10 days, by
carrying out isolation and subsequent molecular identifica-
tion of the fungi. These results differ from those obtained by
Campagnani et al. (2024), which suggested that the same
fungal isolates had potential for use as biopesticides, as they
promoted nymphal mortality of M. spectabilis above 88 %.
This difference can be attributed to the fact that in the pre-
sent work, the nymphs used in the experiments were
obtained in the same study environment, while those used
by Campagnani et al. (2024) came from an experimental
field, which possibly provided a population of nymphs
experiencing a certain degree of stress. This stress may
have facilitated infection by the entomopathogenic fungi.
Another factor that may explain such a large difference
between the results is the virulence of the fungi used, as
those used in the present research were stored in a freezer
(−2 °C) and came from the third subculture, and those used
by Campagnani et al. (2024) came from the first subculture
after infection of the host. Therefore, it is essential to
establish new research directions to understand and define
optimal conditions for storing and subculturing fungi. This
will maintain their virulence, enabling their use across the
three population peaks of spittlebugs that occur during the
rainy season. The duration of the experiment may have also
influenced this result. Specifically, in this work, the insects
were evaluated until the 10th day, and in the other study, the
evaluation was performed only at 15 days, perhaps we did
not provide enough time for the fungi to kill sufficient insects
or to sporulate.

It is believed that another way to lessen the dependence
of entomopathogenic fungi on abiotic factors in the control
of spittlebugs in pastures is to introduce the fungi into the
crop with the use of banker plants, among other options.
Banker plants act directly or indirectly, providing resources
such as prey or hosts and food for the natural enemies that
are deliberately added to a cropping system, assisting in the
reproduction and maintenance of the communities of these
natural enemies close to the crop; hence, they provide pest
control (Zheng et al. 2017). This same strategy was corrobo-
rated in the present study, where we inserted planters of
banker plants from seeds treated with entomopathogenic
fungi in the middle of a field infested with spittlebugs, to
combat the infestation by M. spectabilis through the infec-
tion of those that fed on the introduced plants. We obtained
positive results, with infection of 75 % of the dead adults
collected around or inside the planters inserted in the field.

In a forage breeding program, seed storage consists of
maintaining genetic, morphological, and physiological

characteristics to support the selection of materials with
desirable characteristics over time. Furthermore, the
maintenance of viability and the presence of endophytic
fungi in the seeds are factors to be investigated in the seed
storage process. Based on this, Cheplick (2017) found that
endophytic fungi (Epichloe festucae Leuchtm., Schardl &M.R.
Siegel var. lolii; Hypocreales: Clavicipitaceae) persist at fre-
quencies from 58 % to 73 % in Lolium (Poaceae) seeds stored
for 22 years. In the present study, the entomopathogenic
fungi used in the seed treatments had a frequency of infec-
tion between 5 % and 40 % in the tissues ofU. ruziziensis and
21.8 %–58.3 % in the M. spectabilis nymphs, which fed on
these plants, 12 months after fungal inoculation of the seeds.
This proves that despite changes in the frequency of infec-
tion over time, fungi are still able to persist and maintain a
certain level of virulence.

It is noteworthy that this persistence is linked to the
cultivars used and/or abiotic factors occurring during stor-
age. Latch and Christensen (1982) found that in perennial
ryegrass plants, viable endophytes were found in 40 % of the
seeds of cultivar Nui stored at −5 °C for 7 years and in 80 % of
the plants from seeds of cv. Ellett stored for 6 years. Clement
et al. (2008) also found variation in infection by Neo-
typhodium (Hypocreales: Clavicipitaceae) after storage
among 20 accessions of Lolium arundinaceum (Schreb.)
Darbysh. (Poaceae). In addition, the viability of endophytic
fungi can be reduced due to certain abiotic factors. This was
confirmed in a study by Welty (1987), who used Festuca
arundinacea (Poaceae) seeds stored for 18 months and
recorded the interaction of temperature, moisture content,
and storage time in influencing the viability of an endophytic
fungus (Acremonium coenophialum Morgan-Jones & W.
Gams; Hypocreales: Clavicipitaceae); they observed a sig-
nificant reduction in viability at high temperatures.

The aforementioned biotic and abiotic factors should be
included in new studies involving the storage of seeds of
U. ruziziensis inoculated with entomopathogenic fungi. The
results of the present research, in which the treated seeds
were stored at 22 °C for 12 months, provided an optimistic
scenario for the storage of U. ruziziensis seeds infected with
entomopathogenic fungi, which can act in more than one
cycle of the well-defined period of the insect pest from
October to March of each year. This reinforces that treated
seeds can be stored for a year, and plants from the previous
year can form pastures that negatively impact the insect
pest, considering that plants with the shoots eliminated
(cut) to simulate natural pasture conditions still presented
entomopathogenic fungi after 10 months.

Thus, it became evident that the entomopathogenic
fungi tested in this study were endophytic, equally infecting
the spittlebugsM. spectabilis and D. schach from pastures at
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different stages of development; however, they caused low
nymphal mortality within the time constraints of our study.
The use of banker plants from seeds treated with entomo-
pathogenic fungi was efficient in controlling spittlebugs.
Furthermore, it was possible to store seeds treated with the
fungi for 12months. During this period, it was also possible to
detect infection by endophytic fungi in pastures formed in
the previous year. These results open up the prospect of
using entomopathogenic fungi with endophytic action and
are promising candidates for bioproducts as an auxiliary
tool in reducing these pests.
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