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Prospec琀椀on and fungal virulence associated with 
Mahanarva spectabilis (Hemiptera: Cercopidae) in an 
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Abstract

In Brazil, pastures of Brachiaria grasses are o昀琀en a琀琀acked by the spi琀琀lebug Mahanarva spectabilis (Distant) (Hemiptera: Cercopidae). Biological con-

trol of this pest insect is rarely used, in part because of a lack of diversity in commercialized pathogens e昀昀ec琀椀ve against such pests. However, fungal 
infec琀椀on of M. spectabilis has been noted in some tropical silvopastoral systems, which rarely have problems with pest insects. This study surveyed 
the fungi found in associa琀椀on with M. spectabilis in a silvopastoral system in Brazil and made a preliminary assessment of their virulence. Infected 
spi琀琀lebugs were collected in a silvopastoral system in Brazil, from which 5 types of fungi were isolated and iden琀椀昀椀ed by morphological analysis. Co-

nidia of each wild fungus and a commercial strain of Metarhizum anisopliae (Metschn.) Sorokin (Clavicipitaceae) were diluted in a 1% NaCl solu琀椀on at 
a concentra琀椀on of 1×104 conidia per mL. In the laboratory, eggs and nymphs of M. spectabilis were placed in acrylic boxes within a climate-controlled 
chamber at 25 °C. In a non-acclima琀椀zed greenhouse, eggs and nymphs were placed on po琀琀ed Brachiaria decumbens Stapf (Poaceae). Solu琀椀ons of the 
6 fungi and a control (pure saline) were applied to M. spectabilis in both condi琀椀ons (acrylic box in laboratory and po琀琀ed Brachiaria in a greenhouse). 
The most virulent fungi (UFMG 11443 and 11444) caused more than 90% of unviable eggs and mortality of nymphs. Other fungi tested (UFMG 11440, 
11441, and 11442) were equally or more e昀昀ec琀椀ve than the commercial M. anisopliae, causing over 50% unviable eggs or nymph mortality. All isolated 
fungi showed poten琀椀al for use as biological control agents against M. spectabilis.

Key Words: entomopathogenic fungus; pasture spi琀琀lebug; mortality; biological control

Resumo

Pastagens com Brachiaria spp. geralmente sofrem ataques severos pela cigarrinha Mahanarva spectabilis (Distant) (Hemiptera: Cercopidae). O con-

trole biológico desse inseto tem sido pouco u琀椀lizado, principalmente porque há poucos entomopatógenos comercialmente disponíveis. Entretanto, 
M. spectabilis infectada por fungos tem sido encontrada em alguns sistemas silvipastoris (SSP) tropicais, os quais raramente apresentam problemas 
com insetos-praga. Este estudo é uma prospecção de fungos encontrados em associação com M. spectabilis e uma análise preliminar de sua virulên-

cia. Cigarrinhas infectadas foram coletadas em um SSP no Brasil, das quais cinco 琀椀pos de fungos foram isolados e iden琀椀昀椀cados por análises morfoló-

gica e molecular. Conídios de cada um dos fungos selvagens e de uma linhagem comercial de Metarhizum anisopliae (Metschn.) Sorokin (Clavicipita-

ceae) foram diluídos em solução de NaCl 1% a uma concentração de 104 conídios/mL. No laboratório, ovos e ninfas de M. spectabilis foram colocados 
em caixas de acrílico, no interior de uma câmara climá琀椀ca a 25ºC. Em uma casa-de-vegetação não-clima琀椀zada, ovos e ninfas foram depositados na 
base de plantas de Brachiaria decumbens Stapf (Poaceae) cul琀椀vadas em vasos. As seis soluções com fungos e um controle com solução salina pura 
foram aplicados sobre M. spectabilis em ambas condições. Os fungos mais virulentos foram codi昀椀cados como UFMG 11443 e 11444, ambos causando 
mais de 90% de inviabilidade dos ovos e mortalidade de ovos edas ninfas. Os demais fungos UFMG 11440, 11441 e 11442 foram igualmente ou mais 
e昀椀cientes que a cepa comercial de M. anisopliae, com mais de 50% de ovos inviáveis ou mortalidade das ninfas. Todos os fungos selvagens isolados 
mostraram potencial como agentes de controle biológico para uso contra M. spectabilis.

Palavras Chave: fungos entomopatogênicos; cigarrinha-das-pastagens; mortalidade; controle biológico

The Brazilian ca琀琀le industry has been widely based on extensive 
pasture systems. Na琀椀ve vegeta琀椀on is usually removed and replaced by 
monocultures of exo琀椀c grasses (Murguei琀椀o et al. 2003; Fajardo 2009), 
principally African species of Brachiaria (Cezar et al. 2005). Given that 

low complexity and food web biodiversity in monocultures favor pest 
outbreaks of herbivorous insects (Andow 1991), pasturelands of a sin-

gle exo琀椀c grass are highly suscep琀椀ble to pest damage (Fajardo 2009; 
Zuluaga et al. 2011). An alterna琀椀ve to tradi琀椀onal pasture monocul-
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tures has been silvopastoral systems (SPSs), which are characterized 
by a combina琀椀on of trees, shrubs, forage, and animals in the same 
area (Sousa et al. 2011; Araújo et al. 2013; Aguirre et al. 2016). Mul-
琀椀ple microhabitats and plant resources generated by the greater veg-

eta琀椀onal diversity and associated with improvements in soil structure 
and moisture in such silvopastoral systems may increase biodiversity in 
their food webs (Chara et al. 2011; Aguirre et al. 2016), including the di-
versity of entomopathogenic fungal species and their gene琀椀c variants 
(Meyling et al. 2009; Ormond et al. 2010). Increased local biodiversity 
in SPSs (Zuluaga et al. 2011) also promotes species coexistence and 
popula琀椀on stability (Murguei琀椀o et al. 2014), as well poten琀椀ally reduc-

ing pest outbreaks. The integrated management of natural resources in 
an SPS enables high animal produc琀椀on combined with environmental 
protec琀椀on and conserva琀椀on (Silva 2008).

Spi琀琀lebugs are 1 of the major insect pests of forage grasses across 
tropical America (Thompson 2004; Domínguez et al. 2016), especially 
species of Deois and Mahanarva. The spi琀琀lebug Mahanarva specta-

bilis (Distant) (Hemiptera: Cercopidae) feeds on grasses of the genera 
Brachiaria and Pennisetum (Auad et al. 2010; Fonseca et al. 2016). 
Both nymphs and adults damage the host plant by sucking sap and 
injec琀椀ng toxins (Resende et al. 2013; Aguiar et al. 2014; Fonseca et al. 
2016), causing physiological disorders (Byers & Wells 1966; Souza et al. 
2008; Ferreira et al. 2013), and reducing forage produc琀椀on (Auad et 
al. 2007; Resende et al. 2013). This damage makes M. spectabilis 1 of 

the factors limi琀椀ng the produc琀椀vity of extensive livestock pasturing in 
Brazil (Grisoto 2014).

Biological control with predators, parasitoids, or pathogens (Hajek 
2004) is an important means of insect pest management in agricultural 
ecosystems (Pedigo & Rice 2009). Pathogens used to control insects in-

clude bacteria, viruses, and fungi, which are usually host-speci昀椀c (Vega 
& Kaya 2012). Thousands of strains of entomopathogenic fungi have 
been isolated, from species in more than 50 genera (Khan et al. 2012; 
Hussain et al. 2014); however, the use of fungi-based bioinsec琀椀cides 
for management remains uncommon (Chaurasia et al. 2016). The suc-

cess of a mycoinsec琀椀cide depends on several criteria, but the 1st is its 
virulence level (Hussain et al. 2014).

Entomopathogenic fungi can be used to suppress insect popula-

琀椀ons through both inunda琀椀ve and inocula琀椀ve releases (Mahdavi et al. 
2013), and strains of Beauveria bassiana (Bals.–Criv.) Vuill. (Cordycipi-
taceae) and Metarhizium anisopliae (Metschn.) Sorokin (Clavicipita-

ceae) have been successfully used to control many spi琀琀lebug species 
(Hemiptera: Cercopidae) in pasture grasses and sugarcane (Destefano 
et al. 2004, Domínguez et al. 2016). Although nematodes also can be 
used to control spi琀琀lebugs, their inability to penetrate spi琀琀lebug eggs 
and their need to encounter the host (Ba琀椀sta et al. 2014) makes the 
use of mycoinsec琀椀cides a more e昀케cient approach to control such in-

sects. Beauveria bassiana and M. anisopliae remain the most common 
fungi used as mycoinsec琀椀cides (Zimmermann 2007; Lubeck et al. 2008; 
Hussain et al. 2014; Domínguez et al. 2016). However, highly diverse 
tropical ecosystems are assumed to contain many poten琀椀ally use-

ful species, including new entomopathogenic fungi (Ghazoul & Sheil 
2010), and prospec琀椀ng for such unknown fungi may increase the role 
of biological control in sustainable agriculture.

Although suppor琀椀ng studies are lacking, the occurrence of spi琀琀le-

bug popula琀椀on outbreaks appears to be less common in SPSs than in 
exo琀椀c grass monocultures. In addi琀椀on, fungal infec琀椀ons in M. specta-

bilis have frequently been noted in some tropical SPSs, such as those 
located in ecotones between the Amazon and Cerrado biomes in Brazil. 
Therefore, it is of interest to know if spi琀琀lebugs are under be琀琀er natu-

ral control in such SPSs because their increased plant diversity bene昀椀ts 
natural enemies and enhances the biological control of pest insects 
(Barbosa 1998; Picke琀琀 & Bugg 1998). In this study, we hypothesized 

that M. spectabilis popula琀椀ons are being regulated by entomopatho-

genic fungi in SPS areas. With this in mind, we set out to survey the 
fungi found in associa琀椀on with M. spectabilis and to make an assess-

ment of the virulence of the collected fungi.

Materials and Methods

COLLECTING INFECTED SPITTLEBUGS

Pasture spi琀琀lebugs infected by fungi were collected at the Mon-

aliza Farm, in western Maranhão State (Brazil), at 05.5255556°, 
047.4430556°. The farm is comprised of 800 ha, of which 500 ha are 
grass pasture (Brachiaria brizantha (A. Rich.) Stapf (Poaceae), cul琀椀var 
‘Marundu’) in a silvopastoral systems that was developed from natural 
regenera琀椀on of na琀椀ve shrubs and trees since 1998. The farm is located 
in a transi琀椀onal area of vegeta琀椀on (ecotone) between the Amazon 
and Cerrado biomes. The local climate is tropical sub-humid, with the 
rainier season occurring from Nov to Apr, but there is no very dry pe-

riod. The annual average rainfall is 1,530 mm, with Mar being the most 
humid month (315 mm) and Jul the driest (7 mm). The annual average 
temperature ranges from 26 to 27 °C. In the coolest months (Jun and 
Jul), temperatures some琀椀mes drop to 16 °C in the early morning, but 
they can reach 40°C throughout the day (INMET 2016).

Spi琀琀lebugs were collected from Feb to May 2015. Individuals 
visibly infected by fungi were taken directly from plants with a 昀椀ne 
paintbrush and placed in previously autoclaved 1.5 mL microcentrifuge 
tubes. Specimens were transported at ambient temperature from the 
昀椀eld to the laboratories, where they were stored at 0 °C.

IDENTIFYING SPITTLEBUGS AND FUNGI

Taxonomic iden琀椀昀椀ca琀椀on of the infected spi琀琀lebugs that we collect-
ed was completed at the Na琀椀onal Dairy Ca琀琀le Research Center, of the 
Brazilian Agricultural Research Corpora琀椀on (CNPGL/EMBRAPA), Minas 
Gerais, Brazil. Mahanarva spectabilis iden琀椀昀椀ca琀椀on was con昀椀rmed with 
the aid of a taxonomic key and a taxonomic reference collec琀椀on of com-

mon pasture spi琀琀lebugs. The fungi from 昀椀eld-collected spi琀琀lebugs were 
isolated and iden琀椀昀椀ed at the Fungal Biomolecule Systema琀椀cs Laboratory 
of the Federal University of Minas Gerais (UFMG), Minas Gerais, Brazil.

Ten infected M. spectabilis were used to isolate each fungi. A fungal 
fragment was removed from each infected host with the aid of a pla琀椀-

num needle. The fragment was placed into a Petri dish prepared with 
Sabouraud dextrose agar culture medium (4% dextrose, 5% casein, and 
15% agar) (Alves 1998). A昀琀er inoculum growth, di昀昀erent colony mor-
photypes were isolated through successive inocula琀椀ons in Petri dishes. 
The colonies were photographed from the top and bo琀琀om, and the 
fungi were then characterized and grouped according to colony mor-
phology, including color, texture, edge type, and radial growth rate on 
Sabouraud dextrose agar (Fröhlich et al. 2000). The collected fungi also 
were mounted on glass slides for structural microscopic analysis. A昀琀er 
genus-level iden琀椀昀椀ca琀椀on based on morphological traits with the aid of 
taxonomic keys, duplicate samples of the fungi were preserved. Using 
this procedure, we collected 5 morphospecies in 3 genera, which were 
placed in glass tubes with 10 mL dis琀椀lled water (Castellani 1967). Then, 
the glass tubes were placed in 20% sterile glycerol 昀椀lled cryotubes and 
stored at −80 °C.

PREPARATION OF INOCULATION SOLUTIONS

Samples of the 5 isolated fungi were used to produce conidia to 
make inocula琀椀on solu琀椀ons. Fungi were cultured in Petri dishes on Sa-

bouraud dextrose agar (Alves 1998) and cultures were incubated in a 
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climate-controlled chamber (28 ± 2 °C) for 7 to 10 d for growth and conid-

iogenesis. Conidia were collected from these cultures with a pla琀椀num 
loop and placed in saline solu琀椀on (1% NaCl) (Almeida et al. 2005). For 
each fungal biotype, serial dilu琀椀ons were made to obtain a concen-

tra琀椀on of 1×104 conidia per mL. As a reference control, a commercial 
formula琀椀on of M. anisopliae (Metarhyd) was prepared at the same 
concentra琀椀on of 1×104 conidia per mL.

VIRULENCE UNDER LABORATORY CONDITIONS

The rela琀椀ve virulence of the 昀椀eld-collected fungi and the commer-
cial control species was determined for eggs and nymphs of M. spec-

tabilis, which were obtained from a spi琀琀lebug colony maintained by 
the Laboratory of Entomology at the CNPGL/EMBRAPA. For virulence 
tests, we used eggs at the last stages before hatching and 4th and 5th 
instar nymphs (last stages before adults). The virulence experiments 
were carried out in the Laboratory of Insect–Plant Interac琀椀on, Depart-
ment of Biosystems Engineering, Federal University of São João del Rei 
(UFSJ), Minas Gerais, Brazil.

The design in both the egg and the nymph experiments was to as-

sess 7 treatments (5 wild fungi, M. anisopliae as a posi琀椀ve control, and 
NaCl 1% solu琀椀on as a nega琀椀ve control), each with 10 replicates (n = 7 

treatments × 10 replicates).
In the egg experiment, each replicate consisted of 10 eggs placed 

on a 昀椀lter paper strip, which was put inside a closed acrylic box (11 × 
11 × 5 cm) lined with 昀椀lter paper (previously autoclaved and moist-
ened with dis琀椀lled water). With the aid of graduated pipe琀琀es, each 
box with eggs received 2 mL of saline solu琀椀on with 1×104 conidia per 
mL (1 of the 6 fungi) or of pure saline solu琀椀on as a control. Boxes with 
treated eggs (70 in total, 10 for each treatment) were kept in a climate-
controlled chamber at 25 ± 2 °C. The boxes were inspected daily and 
non-viable eggs were counted under a stereomicroscope. Reduc琀椀on in 
egg viability due to fungal infec琀椀on was assessed daily by coun琀椀ng the 
number of black-colored eggs.

In the second experiment, virulence to nymphs was determined 
under laboratory condi琀椀ons. For each replica琀椀on, 10 nymphs were 
placed in a closed acrylic box (11 × 11 × 5 cm) lined with 昀椀lter paper 
(previously autoclaved and moistened with dis琀椀lled water). Fresh roots 
of Brachiaria decumbens Stapf (Poaceae) were placed in the box as 
a food source for the nymphs. The roots had been disinfected with 
20% sodium hypochlorite and dis琀椀lled water, according to Fröhlich et 
al. (2000). Each box was inoculated with 2 mL of saline solu琀椀on (1%) 
with 1×104 conidia per mL (1 of the 6 fungi) or pure saline solu琀椀on as 
control. The 70 boxes (10 for each treatment) were kept in a climate 
controlled chamber at 25 ± 2 °C and inspected daily under a stereomi-
croscope to quan琀椀fy nymphal infec琀椀on and mortality. Dead nymphs 
were removed from the box.

VIRULENCE UNDER GREENHOUSE CONDITIONS

The 昀椀eld virulence experiments were carried out at the Federal 
University of São João Del Rei (UFSJ), MG State, Brazil, in a greenhouse 
without climate control, covered with transparent waterproof plas琀椀c 
and enclosed with an琀椀-aphid ne琀�ng. The average temperature inside 
the greenhouse was 28 ± 4 °C and rela琀椀ve humidity was 65 ± 30%. 
Plants of B. decumbens were grown in 0.5 L plas琀椀c pots 昀椀lled with soil 
fer琀椀lized with a 3-component fer琀椀lizer (nitrogen, phosphorous, and 
potassium). Six seeds were sown per pot and grass was le昀琀 to grow 
for 3 mo before the experimental trial. Rela琀椀ve fungal virulence was 
assessed in both eggs and nymphs of M. spectabilis. The design in both 
tests was randomized blocks with 7 treatments (5 wild fungi, M. aniso-

pliae as posi琀椀ve control, and 1% NaCl solu琀椀on as a nega琀椀ve control) 

with 10 replicates of each treatment or control (n = 7 treatments × 
10 replicates). Groups of 7 pots with grass (1 for each treatment or 
control) were placed in each of 10 plas琀椀c trays as plots. The trays were 
placed on greenhouse benches 1 m high and randomly distributed in-

side the greenhouse. The plants were irrigated on alternate days, and 
the water drained from the pots was retained inside the trays.

Ten eggs were placed on each of a series of 昀椀lter papers (previously 
autoclaved), which were then place singly at the base of the plants in 
each pot. With the aid of a graduated pipe琀琀e, the 昀椀lter paper received 
2 mL of saline solu琀椀on with 1×104 conidia per mL or pure saline solu-

琀椀on as a control. In order to avoid cross-contamina琀椀on among treat-
ments and escape of insects, the pots were then closed at the base of 
the plants with a plas琀椀c lid and gauze. A昀琀er 15 days, the paper frag-

ments were inspected under a stereomicroscope and non-viable eggs 
were counted. Ten days later, the 昀椀lter papers were again removed to 
count the remaining unhatched eggs.

In the nymphal experiment, ten 4th or 5th instar nymphs were 
placed at the base of the plants in each pot. The base of the plants re-

ceived 2 mL of saline solu琀椀on with 1×104 conidia per mL or pure saline 
solu琀椀on as a control. In 1 test, the solu琀椀ons were added immediately 
a昀琀er the nymph releases, before spi琀琀lebugs had formed any foam. In 
another test, the solu琀椀ons were added 24 h a昀琀er nymphs were re-

leased, a昀琀er they had begun producing spi琀琀le at the bases of the grass 
stems. As described above, the pots were closed at the base of the 
plants with a plas琀椀c lid and gauze. The pots were inspected a昀琀er 24, 72 
and 120 h and dead nymphs were counted and removed.

STATISTICAL ANALYSES

The normality of the data was veri昀椀ed by Kolmogorov–Smirnov 
test, and homogeneity of variance was evaluated using the Bartle琀琀 
test. The percentage of dead individuals at the end of the assessment 
period following fungal inocula琀椀on was then subjected to analysis 
of variance (ANOVA). Subsequently, the averages among treatments 
were compared by Holm–Sidak test, with a 5% signi昀椀cance level. Data 
analysis was performed using the sta琀椀s琀椀cal packages Graphpad Prism 
5.0 (Graph Prism Inc., San Diego, CA, USA) and SigmaPlot 12 (Systat 
So昀琀ware Inc., San Jose, CA, USA).

Results

FUNGI ISOLATED FROM SPITTLEBUGS

Five fungal biotypes were found in associa琀椀on with M. spectabilis, 

belonging to the genera Penicillium, Fusarium, Mucor, and Metarhi-

zium. These fungi were deposited in the Microorganism Collec琀椀on of 
the Federal University of Minas Gerais, Minas Gerais, Brazil (World Da-

ta Centre for Microorganisms - WDCM 1029. CM-UFMG) according to 
the following security codes: Penicillium sp. = UFMG 11440, Penicillium 

sp. = UFMG 11441, Mucor sp. = UFMG 11442, Fusarium sp. = UFMG 
11443, and Metarhizium sp = UFMG 11444 (Fig. 1; Table 1).

VIRULENCE TO EGGS AND NYMPHS UNDER LABORATORY CON-
DITIONS

Nine d a昀琀er inocula琀椀on, the mortality of M. spectabilis eggs was sig-

ni昀椀cantly di昀昀erent among the 6 fungi tested and the control solu琀椀on (F = 

13.7, df = 6, 69, P <0.001), and this di昀昀erence could be classi昀椀ed into 3 viru-

lence level groups (Fig. 2A). UFMG 11443 and UFMG 11444 were the most 
virulent fungi, which caused more than 90% of the eggs to be non-viable 
by the end of the observa琀椀on period. The group of intermediate virulence, 
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was made up of the commercial strain of M. anisopliae and UFMG 11442, 
both of which caused approximately 50% of the eggs to be unviable. The 
3rd group, which consisted of UFMG 11440 and UFMG 11441, was ine昀昀ec-

琀椀ve, being no di昀昀erent from the saline control (Fig. 2A).
Three d after inoculation, we found significant differences 

in nymphal mortality (F = 37.1, df = 6, 69, P <0.001), with 2 dis-

tinct groups of virulence level (Fig. 2B). Both groups caused higher 
nymphal mortality than the control solution, all of them killing more 
than 50% of nymphs by 24 h after inoculation. However, at the end 
of the 3-d observation period, UFMG 11440 (Group 1) killed fewer 
of the nymphs than the other fungi. Group 2 fungi (UFMG 11441, 
UFMG 11442, UFMG 11443, and UFMG 11444) were as virulent as 

the commercial strain of M. anisopliae, all killing more than 80% of 
the spittlebug nymphs (Fig. 2B).

VIRULENCE UNDER GREENHOUSE CONDITIONS

Under greenhouse condi琀椀ons, at 25 d a昀琀er inocula琀椀on, egg viabil-
ity was signi昀椀cantly di昀昀erent among the treatments (F = 8.9, df = 6, 69, 
P <0.001). The 6 fungi showed similar levels of virulence, and all caused 
higher mortality than the control solu琀椀on. Thus, all of them could be 
grouped into a single virulence category (Fig. 3A).

Similarly, by end of the test period (7 d), nymphal mortality di昀昀ered 
signi昀椀cantly among treatments (F = 39.2, df = 6, 69, P <0.001). The 

Fig. 1. Fungal colonies (photographed top and bo琀琀om), showing morphology of 5 fungi isolated from the spi琀琀lebug Mahanarva spectabilis in a silvopastoral 
system in Maranhão, Brazil (A–B = Penicillium sp. (UFMG 11440), C–D = Penicillium sp. (UFMG 11441), E–F = Mucor sp. (UFMG 11442), G–H = Fusarium sp. (UFMG 
11443), and I–J = Metarhizium sp. (UFMG 11444) and a commercial strain of Metarhizium anisopliae (K–L).

Table 1. Morphology of 5 fungal morphospecies that were isolated from the spi琀琀lebug Mahanarva spectabilis in a silvopastoral system in Maranhão, Brazil.

Code for Morphospecies

Colony Microscopy

Mycelium Front color Back color Edge Conidium Wall

UFMG 11440 Penicillium sp. mold greyish green yellowish smooth ellip琀椀c fusiform smooth
UFMG 11441 Penicillium sp. mold olive green beige smooth ellip琀椀c oval smooth
UFMG 11442 Mucor sp. Co琀琀onous brown brown smooth globose smooth
UFMG 11443 Fusarium sp. co琀琀onous purple purple irregular Ellip琀椀c fusiform smooth
UFMG 11444 Metarhizium sp. milky green beige irregular cylindrical smooth
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same was true for nymphs treated before spi琀琀le forma琀椀on (F = 48.0, 
df = 6, 69, P <0.001) (Fig. 3B and C).

Under greenhouse condi琀椀ons, fungi strains showed greater varia-

琀椀on in their virulence (Fig. 3B and C) than they did in the laboratory 
experiment (Fig. 2B). In both inocula琀椀on condi琀椀ons, before or a昀琀er 
foaming, UFMG 11443 was the most virulent, immediately followed by 
UFMG 11444. The others (UFMG 11440, UFMG 11441, UFMG 11442, 
and the commercial M. anisopliae) could be grouped together (Fig. 3B 
and C).

Discussion

Under laboratory condi琀椀ons fungal isolates UFMG 11442, UFMG 
11443, and UFMG 11444 from our study all killed M. spectabilis eggs 

and nymphs as well as or be琀琀er than the commercial strain of M. an-

isopliae, sugges琀椀ng they have poten琀椀al for use as biopes琀椀cides. Under 
the condi琀椀ons of our greenhouse tests, all 5 of our newly collected fun-

gi were as e昀昀ec琀椀ve as commercial M. anisopliae in killing M. spectabilis 

eggs, perhaps because the observa琀椀on period was longer than in the 
laboratory. In the greenhouse experiment, isolates UFMG 11443 and 
UFMG 11444 showed greater virulence against nymphs than the other 
fungi, including M. anisopliae. In addi琀椀on, our study showed that en-

casement of nymphs in foam (spi琀琀le) did not prevent fungal infec琀椀on, 
in contradic琀椀on to specula琀椀on in the literature (Grisoto et al. 2014).

Similar ac琀椀vity of fungi has been reported against other spi琀琀lebugs, 
including 54% mortality of the spi琀琀lebug Aeneolamia pos琀椀ca (Walker) 
from a commercial strain of M. anisopliae (La Torres et al. 2013). Under 
昀椀eld condi琀椀ons, various strains of M. anisopliae have caused mortality 
as high as 66 to 72% in Aeneolamia varia (Fabricius) nymphs (Mata-

banchoy et al. 2012). In another study, a commercial formula琀椀on of 

Fig. 2. Unviable eggs (A) and mortality of nymphs (B) of Mahanarva spectabi-

lis, in a closed box in a climate controlled chamber, caused by wild fungi (40 to 
44, being the last 2 digits of the isolate’s code), a commercial strain of Metarhi-

zium anisopliae (M.a) and a control saline solu琀椀on. Dot and bar indicate mean 
± SE of 10 replicates. Treatments with the same le琀琀er belong to the same group 
on the last day a昀琀er inocula琀椀on, according to the Holm–Sidak post hoc test 
with P < 0.05.

Fig. 3. Unviable eggs (A), mortality of nymphs inoculated before spi琀琀le forma-

琀椀on (B) and nymphs inoculated a昀琀er spi琀琀le forma琀椀on (C) of Mahanarva spec-

tabilis on Brachiaria decumbens grown in pots in a greenhouse, caused by wild 
fungi (40 to 44, being the last 2 digits of the isolate security code), a commercial 
strain of Metarhizium anisopliae (Ma) and a control saline solu琀椀on. Dot and bar 
indicate mean ± SE of 10 replica琀椀ons. Treatments with the same le琀琀er belong to 
the same group on the last day a昀琀er inocula琀椀on, according to the Holm–Sidak 
post hoc test with P < 0.05.
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M. anisopliae caused 13% less mortality in A. pos琀椀ca adults than wild 
fungal strains isolated in Colombia (Obando et al. 2013). Some wild 
fungi can be more virulent than commercial strains of M. anisopliae, 

thus unexplored poten琀椀al for improved control with fungal insec琀椀cides 
clearly exists. In general, we found that isolated fungi UFMG 11443 
and UFMG 11444 were the most promising, and future studies should 
examine more closely their poten琀椀al for use in the biological control 
of insect pests.

Under the experimental condi琀椀ons of our study, some locally col-
lected wild fungi showed high virulence against M. spectabilis and 

were able to kill both eggs and nymphs quickly a昀琀er applica琀椀on, thus 
would likely to control the pest and prevent severe plant damage. 
However, blends of isolates should be inves琀椀gated, because synergism 
may increase host mortality (Inglis et al. 2008). Associa琀椀ons of fungi 
with other pathogens may also improve pest control (Meyling & Hajek 
2010; Pell et al. 2010). For example, nematodes have been shown to 
have e昀昀ec琀椀ve ac琀椀on against nymphs and adults of M. spectabilis, but 
they are unable to penetrate eggs (Ba琀椀sta et al. 2014). Fungi also can 
be combined with entomopathogenic bacteria, such as the Bacillus 

thuringiensis (Wraight et al. 2009; Ansari et al. 2010).
To prompt the development of wild fungi for use as biopes琀椀cides, 

virulence tests under laboratory and greenhouse condi琀椀ons must be fol-
lowed by ecological studies under 昀椀eld condi琀椀ons to determine if any 
speci昀椀c fungus might be limited by weather or other 昀椀eld condi琀椀ons 
(Oliveira et al. 2016). For example, exposure to strong sunlight decreas-

es fungal spore popula琀椀ons and hinders spore dispersal (Wraight et al. 
2007). Ultraviolet radia琀椀on (UV) in par琀椀cular causes direct and indirect 
structural and physiological damage to fungi that drama琀椀cally reduces 
e昀케ciency (Nicholson et al. 2000; Braga et al. 2002, Oliveira et al. 2016). 
Ul琀椀mately, between the stage of prospec琀椀ng for new, more e昀昀ec琀椀ve 
species of fungi (as described here), and their successful use for pest 
control, there are many further considera琀椀ons, including e昀昀ects of such 
fungi on other bene昀椀cial insects in the crop (Santos Jr. et al. 2006), op-

琀椀mal 琀椀mings of applica琀椀ons (Ugine et al. 2007), and commercial com-

pe琀椀琀椀on from chemical pes琀椀cides in terms of cost, ease of management, 
persistence, and required frequency of applica琀椀on (Lacey et al. 2015).

By prospec琀椀ng for infected spi琀琀lebugs, we found 5 types of fungi 
infec琀椀ng M. spectabilis in a short period of 琀椀me in a rela琀椀vely small 
pasture. Many other biotypes could s琀椀ll be found, considering the 
large territory in Brazil with this pest and habitat and the variability in 
the habitat among regions. The complexity of fungal ecology and the 
microclima琀椀c and bio琀椀c diversi昀椀ca琀椀on found in SPSs compared with 
monocultures (Ghazoul & Sheil 2010; Sousa et al. 2015) may have pro-

moted the high diversity of fungi found infec琀椀ng M. spectabilis in the 
study area. This study clearly shows that diversi昀椀ed agroecosystems, 
par琀椀cularly in regions of high biodiversity regions, can provide eco-

system services to support sustainable agriculture and livestock. How-

ever, the ecological mechanisms that increase the diversity of natural 
enemies of insect pests and enhance natural biological control in such 
SPSs remain unclear.
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