Revista Colombiana de Entomologia 38 (2): 247-251 (2012)

Entomopathogenic fungi as potential control agents against the Brazilian ground

pearl Eurhizococcus brasiliensis (Hemiptera: Margarodidae)

Hongos entomopatdgenos como agentes potenciales de control contra la perla de tierra, Eurhizococcus brasiliensis

(Hemiptera: Margarodidae)

ROGERIO B. LOPES', SILAS DUTRA SILVA'2, MYRIAN S. TIGANO' and MARCOS BOTTON'?

Abstract: The Brazilian ground pearl Eurhizococcus brasiliensis is the most prevalent insect pest of grapes in Brazil.
The natural occurrence and biological activity of entomopathogenic fungi (EF) against this pest are poorly known. In
this study, we evaluate the presence of E. brasiliensis-associated EF in soil and the virulence of a ground pearl-derived
strain of Isaria fumosorosea against cysts under laboratory conditions. EF were not identified on cysts in an initial
survey performed in a grape-producing area in southern Brazil. However, 6% of mobile females that had emerged from
cysts were infected by Metarhizium brunneum, which was the first report of this insect pathogen on ground pearls in
Brazil. Cysts without the protective wax layer were inoculated with /. fumosorosea conidia suspension by immersion.
The symptoms and the signs of the disease were described. Infected cysts had a yellow-ochre color and “hard-boiled
egg” consistency when broken, in contrast to the intense bright yellow color and “raw egg” consistency of living cysts.
Vegetative fungal cells were present inside symptomatic cysts, and later, outside conidiation was visible. The LC,s for
the cysts protected with the wax layer and also inoculated by immersion was 1.31 x 107 conidia-mL"'. However, the
presence of fungal structures was not observed on symptomatic individuals. Considering the motionlessness of cysts
and the absence of disease signs for mortality assessment, the symptoms described may be helpful for further studies on
E. brasiliensis control using 1. fumosorosea.
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Resumen: La perla de tierra Eurhizococcus brasiliensis es el insecto plaga mas importante en las uvas de Brasil. La
presencia natural y actividad bioldgica de hongos entomopatdgenos (HE) contra esta plaga son poco conocidas. En
este estudio se evalud la presencia de E. brasiliensis asociada a HE en suelos y la virulencia de una cepa de Isaria
fumosorosea proveniente de la perla de la tierra contra quistes bajo condiciones de laboratorio. No se logré identificar
ningin HE en los quistes durante una evaluacion inicial conducida en un area de produccion de uva al sur de Brasil. Sin
embargo, el 6% de las hembras moviles que emergieron de los quistes estaban infectadas con Metarhizium brunneum,
el cual es el primer reporte del aislamiento de este patogeno sobre perlas de la tierra en Brasil. Los quistes sin su capa
de cera protectora fueron inoculados por inmersion a una suspension de conidios de /. fumosorosea. Se describieron los
sintomas y signos de la infeccion. Los quistes infectados tenian un color amarillo oscuro y una consistencia de “huevo
cocido” cuando rotos, en contraste a un color amarillo claro y una consistencia de “huevo crudo” de los quistes vivos.
Las células fungicas vegetativas se encontraron dentro de los quistes sintomaticos, y mas tarde se hizo visible la conidia-
cion en la parte externa. La CL,s para los quistes protegidos por su capa de cera e inoculados por inmersion fue de 1,31
x 107 conidios.mL"'. Sin embargo, la presencia de estructuras del hongo no se observo en los individuos sintomaticos.
Teniendo en cuenta la inmovilidad de los quistes y la ausencia de signos patologicos para la evaluacion de mortalidad,
los sintomas descritos pueden ayudar en estudios futuros sobre el control de E. brasiliensis utilizando 1. fumosorosea.

Palabras clave: Control biologico. Isaria fumosorosea. Metarhizium brunneum.

Introduction

https://doi.org/10.25100/socolen.v38i2.9000

The Brazilian ground pearl Eurhizococcus brasiliensis (Hem-
pel, 1922) (Hemiptera: Margarodidae) is an underground
scale that attacks the roots of over 70 wild and cultivated
plant species, especially grapevines (Foldi 2005). Ground
pearls present a serious problem in vineyards in southern
Brazil but have also been found in the state of Sdo Paulo in
southeastern Brazil (Figueredo Jr. 1970; Lourengdo et al.
1989) and recently in the Sao Francisco Valley, Petrolina, in
the state of Pernambuco (PE) in northeastern Brazil (Haji et
al. 2004). The insect remains in the root area and is harmful
only in the juvenile stage (cyst) because adults are devoid of
mouthparts.

Ground pearl control has been achieved with the use of
neonicotinoid insecticides that act primarily via ingestion

(Teixeira et al. 2002; Botton et al. 2010) with a reduced con-
tact effect in the cyst stage (Hickel e al. 2001). In general,
chemical control of the insect has been unsatisfactory, par-
ticularly when the attack occurs in adult grapevine plants
(Botton et al. 2010). In this sense, an alternative to chemical
control, mostly through the use of biological control agents,
is a growing demand for sustainable production. The main
natural enemies of the Brazilian ground pearl are the dipteran
predator Prolepsis lucifer (Wiedemann, 1928) (Soria et al.
2004) and entomopathogenic fungi, especially Isaria fumos-
orosea (Carneiro et al. 1994).

The study of biological control agents for ground pearls
is essential for understanding the potential use of biologi-
cal agents for controlling the pest. The 1. fumosorosea strain
CGQG259, deposited in the Embrapa Genetic Resources and
Biotechnology Invertebrate Fungi Collection, was originally
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obtained from infected cysts collected in the region of Vila
Conceigao, Caxias do Sul, in the state of Rio Grande do Sul,
Brazil, in the early 1990s (Carneiro et al. 1994). Preliminary
studies of pathogenicity to cysts in the laboratory indicated
its potential as a control agent against the pest. However,
little information concerning the symptoms and signs of the
disease is available. In the specific case of ground pearls,
the cyst stage is long (6-8 months), immobile, and devoid
of appendices, which hampers differentiation between liv-
ing and dead individuals in studies with entomopathogenic
fungi. Another key factor is that the pest lives in the soil and
produces an intense secretion of protective wax during the
cyst stage. This characteristic, combined with the presence
of other soil microorganisms on the host plant, may inter-
fere with pathogen action and the evolution of disease signals
(Pereira et al. 1993; Inglis et al. 1998). The determination of
clear symptomatological parameters is essential for the con-
firmation of cyst mortality and a better analysis of the results.
It is also important to investigate other microbial agents for
their capacity to control ground pearls. The objective of this
study was to evaluate the natural occurrence of fungi on E.
brasiliensis cysts and females, the virulence of 1. fumosoro-
sea strain CG259 to cysts under laboratory conditions, and
the disease symptoms during the cystic stage of insect deve-
lopment.

Materials and Methods

Sampling of Eurhizococcus brasiliensis cysts. Cysts of E.
brasiliensis were sampled at a commercial vineyard (Yves
cultivar) in Flores da Cunha, Rio Grande do Sul in November
2009. Cysts were sampled by digging trenches 0.5 m in depth
near the bases of the plants and sieving soil samples. The
insects were placed in plastic boxes (25 x 15 x 10 cm) with
moistened soil (95% RH) from the sampling site for 25 days
(25 £ 1 °C and 24 h scotophase). After this period, insects
were counted, and dead cysts and mobile females were trans-
ferred to a moisture chamber for five days (25 + 1 °C and 24
h scotophase) for better growth and conidiogenesis of fungi
associated with the insects.

Morphological identification and phylogenetic analyses of
a Metarhizium strain isolated from Eurhizococcus brasil-
iensis females. Fungal propagules on cysts or mobile female
cadavers were first prepared on slides using cotton blue stain
and were observed under a microscope (1000x). Insect-asso-
ciated fungi were purified and plated on culture media (potato
dextrose agar (PDA) - Difco Laboratories, Detroit, MI, USA)
and diagnosed based on the morphological characteristics of
reproductive cells (conidia and conidiogenous cell) (Bischoff
et al. 2009). Conidia and conidiophores were measured using
an Olympus OSM-4 10x/13 ocular micrometer lens coupled
to the microscope.

For phylogenetic identification of the Metarhizium strain
isolated from dead E. brasiliensis females, monosporic colo-
nies were prepared in PDA medium using the material ob-
tained from purified colonies. Ten-day culture discs were
inoculated into Erlenmeyer flasks with 250 mL of sabouraud
dextrose agar with yeast extract (SDAY) liquid media (1%
glucose; 0.3% malt extract; 0.5% peptone; 0.3% yeast ex-
tract) and incubated at 25 + 0.5 °C at 250 rpm for 3 days. My-
celium samples were collected on filter paper using vacuum
filtration and were frozen at —80 °C. Approximately 25 mg of

mycelia were frozen in liquid nitrogen and crushed in a mor-
tar, and the total genomic DNA was extracted using a DNA
extraction protocol described by Raeder and Broda (1985).
The phylogenetic identification was performed by amplifying
the translation elongation factor 1-a (TEF1-0) gene fragment
based on methodology described by Bischoff et al. (2009).
Sequencing was performed by Macrogen Inc. (Seoul, Korea),
and the sequences were edited using the DNA baser V.3 pro-
gram (Heracle BioSoft S.R.L.). Consensus sequences were
analyzed using the MEGA 5.03 program, and the final align-
ment was adjusted manually. Selected TEF sequences from
the GenBank database (strains from the ARS Collection of
Entomopathogenic Fungal Cultures) were included in the
analysis. Phylogenetic analysis was performed with phylo-
genetic analysis using parsimony (PAUP, version 4.0) under
the Maximum Likelihood (ML) method, and 1000 bootstrap
(BS) repetitions were performed. Heuristic searches identi-
fied the most likely tree, and bootstrap support values were
provided. Clades with 70% ML BS or greater were consid-
ered significantly supported by the data. Additionally, a sec-
ond analysis was conducted using a Bayesian phylogenetic
inference performed by MrBayes v.3.1.2. The jModelTest
program was previously used to identify the distribution
model. Analysis was performed over five million genera-
tions, with tree sampling every 100 generations; the first 25%
of trees were discarded prior to consensus tree calculation
(the “burn-in”). The MP BS values were finally included in
the Bayesian tree.

Production of Isaria fumosorosea inocula. Conidia of the
strain CG259, stored in the Embrapa Genetic Resources
and Biotechnology Invertebrate Fungi Collection (Brasilia,
Federal District), were transferred to Petri dishes with PDA
culture medium and incubated at 25 + 1 °C and with a 12 h
photophase. The conidia produced after a 15-day period were
scraped and immediately used in bioassays. Before each bio-
assay, the viability of conidia was assessed by plating a 5 x
10° conidia.mL! suspension in PDA medium and counting,
a random sample of 300 germinated and non-germinated co-
nidia under a microscope (400x) after 20 h of incubation (25
+ 1 °C and 24 h scotophase). The initial viability of conidia at
the time of the implementation of the bioassays was greater
than 95%.

Description of symptoms and signs of the disease caused
by Isaria fumosorosea in Eurhizococcus brasiliensis
cysts. Healthy cysts obtained during sampling and previ-
ously washed in distilled water for 30 s were selected ac-
cording to size (4 - 5 mm) and aspect (light color and no
signs of damage). The chitinous protection of the cysts was
removed using a needle. To ensure the complete removal of
soil and chitin residues, the cysts were subsequently washed
in a sodium hypochlorite solution (0.25% v/v) for 2 min
and rinsed twice in sterile water. The cysts were transferred
to Petri dishes lined with moistened filter paper for 24 h at
25 + 1 °C in the dark. Subsequently, cysts without signs of
injury (i.e., those with bright yellow color and early wax
production) were selected and divided into two groups of
20 cysts each.

Conidia were suspended in sterile water with Tween 80®
solution (0.01% v/v), and the concentration was adjusted to
1x10° conidia.mL"! using a Neubauer chamber to ensure in-
fection and disease symptoms. Cysts of one group were im-
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mersed in fungal suspension for 90 s while the control group
was immersed only in sterile water and Tween 80® solution.
The treated and untreated insects were transferred to Petri
dishes lined with moistened filter paper for 20 d at 25 £ 1 °C
in the dark (adapted from Carneiro ef al. 1994).

Petri dishes were inspected every five days, and all cysts
with symptoms (change in color or shape and dehydration)
or signs (presence of fungal structures) were reserved for
further analysis. Symptomatic cysts were washed once
more in sodium hypochlorite solution (0.25% v/v) for 2 min
and were rinsed twice in sterile water. Internal liquid from
the cysts (5 pL) was removed with a glass microsyringe and
was transferred to Petri dishes with PDA culture medium.
The Petri dishes were kept in an incubator for 5 d (25 + 1
°C; 12 h photophase). Slides with the liquid and parts of
the internal tissue of the cysts were prepared with lactophe-
nol cotton blue dye for microscopic examination (1000x).
When present, slides of fungal structures on cysts were also
prepared, and morphological characteristics of the fungi
(conidia and conidiogenous cell) were observed under an
optical microscope (400x). In this case, the mycelium cov-
er was completely removed before the process of external
disinfection and the internal evaluation of the cysts. At the
end of the 20-day period, all asymptomatic cysts remaining,
both treated and untreated, were subjected to external disin-
fection, microscopic observation and plating of the internal
liquid in culture medium.

Determination of the concentration-response curve of
Isaria fumosorosea strain CG259 to Eurhizococcus brasil-
iensis cysts. The procedures for the preparation of suspen-
sions and the inoculation of cysts were the same as described
in the previous section. However, to simulate field condi-
tions, the protective layer was not removed, and the exter-
nal disinfection of the cysts in sodium hypochlorite was not
performed. The following concentrations were used in the
concentration-response bioassays: 9x10°, 2.26 x 107, 5.67 x
107, 1.48 x 108, 3.58 x 10® and 9 x 108 conidia.mL"". Concen-
trations were determined based on preliminary tests (data not
shown), ensuring at least 25% of cysts mortality. After inocu-
lation, each treatment with 60 cysts (6 - 7 mm) divided into
four replicates of 15 cysts each was transferred to plastic cups
(6 cm in height and 5 cm in diameter) with sterile vermiculite
in the bottom. The cysts were then covered with another layer
of vermiculite, totaling 4.5 g of substrate per cup. The top of
the cup was covered with cotton, which was moistened on a
daily basis to keep the relative humidity inside the cup above
90%. The cups were then transferred to a climatic chamber
at 25 £+ 1 °C in the dark, and cyst removal was performed on
the twelfth day. The insects were kept in a moisture cham-
ber for 10 more days prior to analysis based on the criteria
established in the study that described the symptoms of the
disease caused by I. fumosorosea. Bioassay for determining
the concentration-response was repeated three times on dif-
ferent dates.

Statistical analyses. Data on confirmed mortality were ana-
lyzed using a generalized linear mixed model (GLMM) ad-
justed for restricted maximum likelihood, with the response
variable (deaths) assigned a binomial distribution with logit
link function. The data from the three experiments were ana-
lyzed together using R statistical software version 2.8 (R De-
velopment Core Team 2006).

Results

Occurrence of entomopathogenic fungi on Eurhizococ-
cus brasiliensis. A total of 2480 cysts were sampled, and the
occurrence of entomopathogenic fungi was not observed in
this stage after the quarantine period. Opportunistic fungi in
the genera Trichoderma, Aspergillus, Fusarium, and Peni-
cillium were identified on the surfaces of cysts, which are
often associated with dead individuals during sampling and
transport or soil adhered to the chitinous protection of living
individuals.

Only 166 cysts (6.7% of the total sampled) became mobile
females during the quarantine period. Only 6% of all females
that emerged from the cysts were infected by Metarhizium
spp. The cadavers were mummified, yellow-orange in color
and covered with an olive-green mass of fungal conidia. Mi-
croscopic examination of conidia and conidiophores showed
the typical morphology of species in the M. anisopliae com-
plex (conidia that were 5.1 - 6.8 x 2.1 - 3.2 um in size and
phialides that were 7.4 - 13.1 x 2.0 - 3.5 um in size) (Bischoff
et al. 2009).

The size of the amplified DNA product was 681 bp after
the overlap of the two sequences; from a set of 29 isolates,
the aligned length of this locus was 553 bp. The phyloge-
netic tree shows that the new strain isolated from E. brasil-
iensis females is closely related to all representative strains of
Metarhizium brunneum, supported by 100% probability and
98 ML BS (Fig. 1). The new strain was preserved in the In-
vertebrate Fungal Collection of Embrapa Genetic Resources
and Biotechnology under the access code CG1126.
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Figure 1. Bayesian majority rule consensus phylogram of aligned
TEF-1 alpha gene sequence data for Metarhizium spp. Support values
on the branches were given as the Bayesian prior probability (first num-
ber) and as a percentage of 1000 bootstrap replicates derived from ML
analysis (second number).
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Figure 2. Mortality of Eurhizococcus brasiliensis cysts exposed to dif-
ferent conidia concentrations of Isaria fumosorosea isolate CG259, 20
days after inoculation (25 £ 1 °C, 24 h scotophase).

Description of symptoms and signs of the disease caused
by Isaria fumosorosea in Eurhizococcus brasiliensis cysts.
The outward symptoms of disease caused by /. fumosorosea
in cysts were initially characterized by a loss in brightness
and slight color change from bright yellow to yellow-ocher.
Initially, a white mycelial growth appeared that evolved into
a rosy color, which is typical of this species of fungus and
was later confirmed in the microscopic examination of repro-
ductive structures. The main characteristic used in the viru-
lence bioassays to differentiate living and dead cysts was the
difference in appearance and consistency of the cysts when
cut or pierced. Healthy cysts had a thin membrane and a “raw
egg” appearance when pierced, releasing an intense yellow
liquid. Infected cysts had a “hard-boiled egg” appearance
when pierced, retaining their original shape. Cross-section
cuts of infected cysts revealed a thick wall and small amount
of transparent liquid in a hollow central portion.

Cysts with disease signs and symptoms were observed
from the fifth day onward after inoculation (15% of individu-
als). The percentage of symptomatic cysts increased with in-
cubation time, reaching 40% and 55% 10 and 15 days after
incubation, respectively. At the end of the evaluation period
(20 d), this percentage reached 65%. Pathogen cells (blasto-
spores or mycelium) were rare or absent in the transparent
liquid from the central portion of symptomatic cysts when
observed under the microscope. However, vegetative cells
were found in large quantities in the inner solid portion of the
cyst wall. Abundant fungal growth in culture medium was
observed in all symptomatic cysts after the internal contents
of the host were plated. Conversely, no fungi were detected
in asymptomatic cysts under the microscope and after plat-
ing in culture medium for both inoculated and non-inoculated
groups at the end of the incubation period.

Concentration-response curve (LC,s) for cysts inocu-
lated with Isaria fumosorosea. The estimated LC,; for the
1. fumosorosea isolate CG259 was 1.31 x 107 conidia.mL"!
(d =144.33; P = 6.47¢'%; df = 66; IC = 8.711 x 10° - 1.96
x 107). The increase in concentration resulted in increased
cyst mortality (Fig. 2). Mortality rates were 22.4 + 5.4%
at the lowest concentration (9 x 10° conidia.mL"') and
reached 50.4 + 4.5% at 3.58 x 10® conidia.mL"!. All dead
insects had a “hard-boiled egg” appearance that was typi-
cal of infection but rarely presented pathogen structures on
the cadavers.

Discussion

This is the first report of the natural occurrence of M. brun-
neum infecting ground pearls. Recent studies have identified
naturally occurring M. brunneum from other hosts, usually
from coleopterans and lepidopterans (Bischoff et al. 2009;
Cossentine ef al. 2010), but hosts from the scale insect fam-
ily Margarodidae have yet to be identified. Our study also
describes a simple and precise method to identify cysts in-
fected by 1. fumosorosea in the absence of the typical fungal
structures on the insect cadaver but based on several specific
symptoms. Additionally, we observed that a great amount of
conidia of the ground pearl-derived /. fumosorosea strain is
necessary to cause limited levels of mortality.

The abundance of insect-associated fungi in soil differs
greatly for each agroecosystem or environmental condition,
and species in the M. anisopliae complex seem to be more
abundant in agricultural habitats (Bidochka et al. 1998; Sun
et al. 2008), including M. brunneum, which was already iso-
lated from grape rhizospheres (Fisher ez al. 2011). Although
ground pearls are subterranean plant-sucking parasites found
on the roots of a wide variety of cultivated plants around the
world and entomopathogenic fungi species are frequently
present in soil, little information regarding fungal infection
for this insect group is published. The life cycle of the Brazil-
ian ground pearl is peculiar. Nymphs feed on the roots, and an
excreted waste fluid serves to construct a shell, which ensures
strong protection against adverse environmental conditions
(Foldi 2005). At this stage, fungal infection throughout the
cyst tegument is likely blocked by this protective layer, ei-
ther physically or by the presence of chemical compounds.
The structure of the cyst wax of Eurhizococcus colombianus
(Jakubski, 1965) indicates the presence of a triglyceride and
the subsequent formation of unsaturated diglycerides and al-
dehyde during the cyst development (Quifiones et al. 2008).
An aldehyde was already detected in cuticle extracts of the
stink bug Nezara viridula (Linnaeus, 1758) and was found
to be fungistatic to certain entomopathogenic fungi, includ-
ing M. anisopliae (Sosa-Gomez et al. 1997). This cyst shell
might protect the insect against natural infections in soil, a
hypothesis supported by the low mortality of cysts exposed
to high concentrations of /. fumosorosea conidia.

However, at this stage, we observed a low proportion of
mobile females in the collected population and out of the pro-
tective shell. Reproductive ground pearl females are devoid
of functional mouthparts and do not feed but may live for
several weeks in some species (Foldi 2005); during this pe-
riod, they are exposed to inhabiting soil entomopathogenic
fungi. Although the frequency of diseased females was low,
the presence of propagules of M. brunneum in the soil al-
lowed some insects to be infected. As already discussed, it is
not reasonable that infection occurs during the cyst stage and
the disease later manifests in females.

Behavioral parameters, such as response to a stimulus,
spontaneous movement, or feeding activity, are often used to
evaluate the mortality of the target insect. Observations that
provide an accurate and immediate response concerning the
state of the target insect are the key for the rapid acquisition
and interpretation of results during bioassays. The absence of
appendices and any activity in E. brasiliensis cysts combined
with the long duration of this stage (4-6 months) hampers the
assessment of control method efficiency. In the specific case
of entomopathogenic fungi studies, the presence of specific
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signs of infection (i.e., fungal growth and reproduction on
the host) is often used as a parameter for confirmation of the
cause of death. However, the abundant presence of microor-
ganisms in the soil adhering to cysts might have interfered
with the clear manifestation of signs of infection. In fact, this
effect was observed in this study, where infected cysts did not
manifest signs of infection.

The species 1. fumosorosea is present in soil in both natu-
ral and cultivated areas (Sookar et al. 2008; Sun et al. 2008).
However, reports of the use of this fungus for ground pearl
control are scarce. Although the pest can attack several host
plants, it is restricted to the Neotropical region (Foldi 2005).
Thus, research on E. brasiliensis is limited to Brazil. The
results of this study complement previous information and
provide the basis for future research on the biological control
of ground pearls. The pathogenic activity of 1. fumosorosea
isolate CG259 was confirmed in the laboratory, supporting
the study by Carneiro ef al. (1994). However, conidial con-
centrations needed to cause high mortality of the insect were
higher than those observed by Carneiro ef al. (1994) (CLs, =
8.1 x 10? conidia.mL™). Despite methodological similarities,
the surface disinfection of cysts in the latter study possibly
removed the protective layer and the antagonistic microor-
ganisms present in the soil, favoring invasion by the ento-
mopathogenic fungus and the subsequent manifestation of
disease signs. It is worth noting that under natural conditions,
cysts are covered in a waxy protective layer and are found in
soil aggregates, which may directly affect the infection pro-
cess and the subsequent colonization of hosts. The antagonis-
tic action of soil microorganisms has been reported for other
insect species that in some way inhabit the soil, as in the red
imported fire ant Solenopsis invicta (Buren, 1972) (Pereira et
al. 1993) and the grasshopper Melanoplus sanguinipes (Fa-
bricius, 1798) (Inglis et al. 1998).

Conclusions

This study demonstrated that, despite the susceptibility of
E. brasiliensis to I. fumosorosea isolate CG259 previously
observed by Carneiro ef al. (1994), high concentrations of
this pathogen are needed to cause death in cysts covered in
a protective layer. Moreover, even though the pest is suscep-
tible to M. brunneum fungus naturally present in soil, infec-
tion occurred only in mobile females, which comprise a small
proportion of the population, significantly limiting the use of
M. brunneum for ground pearl control. Detailed analysis of
the effects of fungi on females and cysts at different ages and
methods of pathogen release in the field are the key for de-
termining the viability of entomopathogenic fungi for ground
pearl control.
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