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Abstract

Stink bugs of the species Nezara viridula and Dichelops melacanthus are considered as some of the main insect pests associated with
wheat production in Brazil. The use of the entomopathogenic fungus Metarhizium anisopliae might be an alternative for the
management of these insects with chemical insecticides. Thus, the aim of this study was to evaluate and ascertain the pathogenicity
of different isolates of M. anisopliae on N. viridula and D. melacanthus adults under laboratory and greenhouse conditions. In the
laboratory, the fungal isolates 05RA, 11RA, 08RA, and 02RA, which were collected in the field from adults of N. viridula and D.
melacanthus infected with M. anisopliae, were highly pathogenic, leading to 100% mortality in adults of N. viridula and D.
melacanthus at 8 days after application (DAA). However, the isolate 08RA presented higher pathogenicity in a shorter period of time
for N. viridula (mean mortality time “MMT” = 2.8 days) and D. melacanthus (MMT = 4.0 days) than the remaining isolates. At the
greenhouse, the isolate 08RA led to a mortality of 44.9% (N. viridula) and 35.7% (D. melacanthus) at eight DAA; however, the
mortality was 100% for both species at 14 DAA, with an MMT of 8 and 10 days for N. viridula and D. melacanthus, respectively.
The fungus M. anisopliae constitutes a promising alternative agent to control the growth of adult populations of N. viridula and D.
melacanthus in wheat cultures.

Keywords: Hemiptera, Nezara viridula, Dichelops melacanthus, biological control, Ascomycetes, Triticum aestivum, mortality,
pathogenicity.

Abbreviations: ANOVA_analysis of variance; BOD_biochemical oxygen demand; DAA _days after application; MMT_mean
mortality time; PDA_ potato dextrose agar.

Introduction

A wide range of stink bug species (Hemiptera: Pentatomidae) and/or desiccation of leave portions. Another important
are considered pests of Brazilian crops, including soybean, consequence is abnormal tiller formation leading to a
corn, and wheat. The establishment of new production symptom known as “cebolinha” (chive) (Gomez and Avila
programs in the Brazilian agricultural regions of “Centro- 2004; Manfredi-Coimbra et al., 2005). On the other hand, the
Oeste” (Midwest) and “Sul” (Southern), where soybean is damage by N. viridula is more pronounced during the
cultivated in the summer and wheat in the winter, along with reproductive phase (ear development) and may lead to ear
the expansion of no-till seeding has triggered the population drying and plant death (Manfredi-Coimba et al., 2005).

growth of stink bug species in wheat crops (Chocorosqui and Insecticides, applied via seed dressing or aerial spraying,
Panizzi, 2004). Wheat is highly susceptible to damage in all are the most employed control methods of insect pests in
its developmental phases; however, greater losses occur wheat (Nuyttens et al., 2013). However, because insecticide
during seed formation at the grain milk stage (Chocorosqui usage may promote the rise of insecticide-resistant stink bug
and Panizzi, 2004). Two of the stink bug species are populations in Brazil (Sosa-Gomez and Silva, 2010; Lopez et
particularly harmful to wheat: the southern green stink bug al., 2012) and it may also increase the risk of food
Nezara viridula (Linnaeus, 1758) and the green-belly stink contamination due to the presence of chemical residues in
bug Dichelops melacanthus (Dallas, 1851). grains (Tibola et al., 2009), studies seeking to provide new

The damage caused by D. melacanthus is more accented alternatives of insect pests management are required.

during wheat establishment (vegetative phase), and it is In this context, biological control with the use of the
exerted through the injection of saliva during feeding, entomopathogenic ~ fungus Metarhizium  anisopliae
causing subsequent transverse marks, necrosis, and rolling (Metschnikoff) Sorokin (Ascomycetes: Hypocreales) might
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be a viable strategy for the management and control of N.
viridula and D. melacanthus in wheat. Due to the wide
distribution of M. anisopliae in the ecosystem (soil) and its
ability to infect a great number of insects, the use of this
fungus as an alternative biological pest management tool has
been suggested (Sung et al., 2007; Sandhu et al., 2012).
Furthermore, natural infestations of M. anisopliae in stink
bug species were reported (Xavier and Avila 2006; Barbosa
et al., 2015); this fungus was employed to control the
sugarcane spittlebug Mahanarva posticata (Stal, 1855)
(Hemiptera: Cercopidae) (Loureiro et al., 2012) and other
pest stink bug species (Martins et al., 2004; Xavier and Avila,
2006; Franca et al., 2006; Rampelotti et al., 2007).

Due to evidence of a high pathogenicity of M. anisopliae in
insects and its suitability to be cultured in the laboratory
(Rohde et al., 2006), the identification of suitable isolates of
this fungus to control N. viridula and D. melacanthus might
provide subsidies for the biological management of these
pests in wheat. Thus, the aim of this study was to evaluate the
pathogenicity of M. anisopliae isolates in N. viridula and D.
melacanthus under laboratory and greenhouse conditions.

Results

Pathogenicity of isolates of M. anisopliae on N. viridula
and D. melacanthus in the laboratory

Under laboratory conditions, the successful germination of
conidia, isolated from dead insects and subsequently cultured
in potato dextrose agar (PDA), confirmed that the adults of
N. viridula and D. melacanthus were highly susceptible to the
fungus M. anisopliae and that viable conidia can be obtained
from 100% of the collected insects. Furthermore, a
significant interaction between time and exposure of the
insects N. viridula and D. melacanthus to the fungus M.
anisopliae was detected. An adult insect mortality of 100%
was observed at eight days after application (DAA) (Table
1). The M. anisopliae isolate 08RA was the most pathogenic
of all four evaluated isolates (F = 7.584; d.f. = 19, 4; P <
0.0001), leading to a maximum mortality in N. viridula at
2.82 days (Figure 1) and in D. melacanthus at 3.93 days
(Figure 2)., which was significantly different (F=7.584;
d.f.=19, 4; P<0.0001) from the remaining isolates evaluated
05RA and 11RA (3.0 days) and 02RA (4.95 days) for N.
viridula (Figure 1) and 05RA (3.59 days), 11RA (3.37 days)
and 02RA (8.0 days) for D. melacanthus (Figure 2) which
were statistically different for the control where mortality
was between 15 to 20% (Table 2). Due to its greater
pathogenicity in a shorter period of time, the isolate 08RA
was selected for bioassays under greenhouse conditions.

Efficacy of M. anisopliae under greenhouse conditions

In the bioassays at greenhouse it was verified a significant
interaction between the application of the isolate (08RA) of
the fungus M. anisopliae and the time of exposure for adults
of N. viridula (F=0.896; df.=19.1; p<0.001) and of D.
melacanthus (F=0.026; d.f.=19,.1; p<0.001) (Table 2).
Through orthogonal polynomials, was verified that at the
eight DAA, there was a point of maximum for mortality as a
function of the mean mortality time (MMT) for N. viridula
(58% of mortality) and for D. melacanthus (50% of
mortality) (Figure 3). However, at the 14 DAA, the mortality
was 100% for both species studied (Table 2), statistically
differing (F=0.125; d.f.=19.1; p<0.001) from the control
which was exactly 16.7% in both insect species (F = 0.125;
d.f.=19.1; p<0.001) (Table 2).
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Discussion

The high infectivity of the tested M. anisopliae isolates in
adults of the insect species N. viridula and D. melacanthus
was confirmed by the presence of hardened bodies and
abundant spores. Furthermore, the development of a mycelial
mass (silver to white colored) and the production of conidia
(green colored) over the insects’ bodies on post-mortem
observations confirmed that insect mortality was due to the
application of the fungus M. anisopliae (Roy and Cottrell,
2008). However, after the application of the fungus M.
anisopliae, a direct relationship between the time of
application and mortality of the two stink bug species was
observed; almost all fungal isolates had daily mortality peaks
between the third and fifth DAA. The efficiency of
biocontrol with M. anisopliae has been previously reported,
namely this fungus has been a particularly efficient in
controlling the growth of adults of brown root stink bug
Scaptocoris carvalhoi Becker (Hemiptera: Cydnidae) (Xavier
and Avila, 2006) and sugarcane spittlebug Mahanarva
fimbriolata (Stal, 1854) (Hemiptera: Cercopidae) in
sugarcane (Carvalho et al., 2011).

Considering the routes of exposure of adults of N. viridula
and D. melacanthus, topping application (laboratory)
provided a greater rate of infection and mortality in a shorter
period of time. The greaterlarger time span that the fungus
required to reach its maximum pathogenicity in adult stink
bugs of both species in the greenhouse setup might be related
to the method of inoculation and the environmental
conditions. In the laboratory, the fungus M. anisopliae was
applied directly on the pronotum of the insects, which were
posteriorly placed in plastic boxes and stored under
controlled temperature and humidity, creating an adequate
microclimate for the development, multiplication, and
penetration of the spores in the body. In contrast, during the
bioassays under greenhouse conditions, the insects were
sprayed with an aqueous conidial suspension. Such a
procedure may have resulted in a less effective contact of the
fungal solution with the insects body, thus increasing the
time required for spore penetration and colony establishment
(Boucias et al., 1988; Alexandre et al., 2006). It is important
to highlight that the environmental conditions at the
greenhouse may have interfered directly in the development
of the fungus as well as the pathogenicity of
entomopathogenic fungi directly depends on air temperature
and humidity. In addition, to favor the spread of an
entomopathogenic fungus, the insect population size must be
large. These factors may have delayed the growth of M.
anisopliae, making the process of infectivity slower than that
in laboratory bioassays.

Because of the high mortality elicited by the isolate 08RA
within a short period of time in both stink bug species, N.
viridula and D. melacanthus, and because of its capacity for
rapid multiplication in the laboratory (Leite et al., 2003), the
use of this isolate may be a promising alternative for the
management of these insects during wheat production.
Besides allowing a decrease in the application of chemical
insecticides, the use of M. anisopliae on pest management
may provoke the horizontal spread of conidia in the soil for
longer periods. This would, in turn, increase the
concentration of this entomopathogenic fungus in the
environment and facilitate a more effective insect control
with the course of time (Almeida et al., 2007; Barboza et al.,
2011).

The microbial control of N. viridula and D. melacanthus in
wheat through the use of M. anisopliae in addition to reducing



Table 1. Mean number of live insects (N + SE) and cumulative mortality (%M) of adults of the insect species Nezara
viridula and Dichelops melacantus exposed to different isolates of Metarhizium anisopliae in the laboratory.

Days After Application (DAA)

Isolate 2 4 6 8

N+ SE! % M? N + SE! %M? N+ SE! %M? N+ SE! %M?
Nezara viridula
08RA 510+ 0.03 A 15.0 0.75+0.03 A 87.2 0.00+£0.0 A 100.0 - -
05RA 550+ 0.04 A 8.3 220+0.03B 62.7 0.45+0.03B 91.8 0.00+0.00A 100
11RA 470+ 0.03 A 21.6 211+0.04B 64.4 0.50+0.03B 90.9 0.00+0.00 A 100
02RA 510+ 0.04 A 15.0 3.15+0.04B 46.6 1.15+£0.04C 79.1 0.00+0.00 A 100
Control 6.00+0.01 B 0.0 590+£0.01C 16 550+0.01D 8.3 51+0.02B 15
Dichelops melacanthus
08RA 4.85+0.04 A 171 0.85+0.031 A 8438 0.00+0.0 A 100.0 - -
05RA 550+ 0.04 A 5.9 3.15+0.028 B 44.6 095+0.02B 82.2 0.00+x0.0B 100.0
11RA 551+0.05A 5.9 3.15+0.034B 44.6 135+0.02B 74.8 0.00+0.0B 100.0
02RA 565+ 0.03A 34 400%+0.045B  28.6 215+0.03B 59.8 0.00+0.0B  100.0
Control 585+ 0.01 A 0.7 565%0.011C 6.7 535+0.02C 10.8  480+0.02C 20.0

IMeans followed by the same upper case letters in the columns are not significantly different by Tukey test (P<0.05). 2Mortality corrected according to

Henderson and Tilton (1955).
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Fig 1. Daily mortality of the insect Nezara viridula after the application of different isolates of the fungus Metarhizium
anisopliae in the laboratory. (A) isolate 08RA; (B) isolate 05RA; (C) isolate 11RA; (D) isolate 02RA; and (E) Control.
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Table 2. Mean number of live insects (N + SE) and cumulative mortality (%M) of adults of the insect species Nezara viridula and Dichelops melacantus exposed to the isolate 08RA of
Metarhizium anisopliae in a greenhouse setup.

Days After Application (DAA)

Treatment 2 4 6 8 10 12 14
N + SE* %M? N =+SE! %M? N +SE? %M? N=SE! %M? N =+SE! %M? N z+SE! %M? N+ SE? %M?
Nezara viridula
08RA 580+ 0.03A 17 530+ 0.02A 8.6 435+ 0.03A 23.9 30+£0.02A 449 17+004A 663 08+003A 840 0.0£0.00A 100.0
Control 590+ 0.01 A 1.7 580+ 0.01 A 3.3 565+0.01B 5.8 52+0.01B 9.2 52+£0.01B 92 50+£0.01B 16.7 50+0.01B 16.7
Dichelops melacantus
08 RA 580+ 0.03A 1.7 545+ 0.03A 5.2 460+ 0.04 A 20.3 35x£0.03A 35.7 24+£0.04 A 551 '16;8 * 0.02 84.0 %0 * 0.00 100.0
Control 590+ 0.02 A 1.6 575+ 0.02 A 4.2 520+0.02B 13.3 52+0.01B 133 52+002B 133 50+001B 16.7 50+001B 16.7
IMeans followed by the same upper case letters in the columns are not significantly different by Tukey test (P<0.05). 2Mortality corrected according to Henderson and Tilton (1955).
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Fig 2. Daily mortality of the insect Dichelops melacantus after the application of different isolates of the fungus Metarhizium anisopliae in the laboratory. (A) isolate 08RA; (B) isolate 05RA,;

(C) isolate 11RA,; (D) isolate 02RA; and (E) control.
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Fig 3. Daily mortality of the insect Nezara viridula under (A) treatment and (B) Control and of the insect Dichelops melacantus
under (C) treatment and (D) Control after the application of the fungus Metarhizium anisopliae (isolate 08RA) in a greenhouse setup.

production costs and lowering environmental impacts could
also be effective to control other wheat pests, such as the
wheat grain beetle Anisoplia austriaca (Herbst, 1783)
(Roberts and Leger, 2004).

Materials and Methods

All experiments were performed in the Laboratory of
Microbiology of the Universidade do Oeste de Santa Catarina
(University of the West of Santa Catarina), Sdo Miguel do
Oeste — SC, Brazil, during the period of May to October of
2013, and the procedures were performed under controlled
environmental conditions.

Insect material and isolates

The isolates of the entomopathogenic fungus M. anisopliae
(isolates O5RA, 11RA, 08RA, and 02RA) used in the
bioassays were collected and selected from N. viridula and D.
melacanthus stink bugs, which were found dead and infested
by the fungus in wheat fields. In the laboratory, the isolates
were cultured in Petri dishes with PDA medium (potato +
dextrose + agar + chloramphenicol) (Pitt and Hockig, 1997)
and maintained under controlled conditions (25°C), according
to the methodology proposed by Alves et al. (1998). The
identification of the isolates was performed based on the
characteristics of the colonies and morphometry of the
conidia according to Yip et al. (1992). All adult stink bugs of
N. viridula and D. melacanthus used in the remaining steps
of the experiment were reared in the laboratory following the
methodology proposed by Corréa-Ferreira (1985).

Plant material

At the greenhouse, wheat seeds cv. “TBIO Alvorada” were
sown at a rate of 10 seeds/pot in 8-L plastic pots containing
soil and organic (vegetal) substrate in a 1:1 ratio. Seven days
after sowing, thinning was performed by maintaining five
plants per pot and then, for the remainder of the experiment,
crop management was conducted according to the
recommendations for wheat crops in the State of Santa
Catarina (CBPTT 2012).
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Pathogenicity of the isolates of M. anisopliae on N. viridula
and D. melacanthus in the laboratory

The efficiency and the pathogenicity of the isolates 05RA,
11RA, 08RA, and 02RA of the entomopathogenic fungus M.
anisopliae on N. viridula and D. melacanthus were evaluated
using topically applied bioassays on adult insects. First, the
isolates were replicated in Petri dishes containing PDA
medium and used after 15 days of growth. The experimental
units consisted of plastic boxes Gerbox™ (11.0 x 11.0 x 3.5
cm). Box lids were disinfected with 1% sodium hypochlorite,
the bottom was lined with filter paper, and then entire boxes
were placed in an ultraviolet chamber for 15 min. Before the
release of stink bugs to the interior of the boxes, the adults
were disinfested using a solution of 1% sodium hypochlorite
for approximately 5 s, and posteriorly, they were treated with
distilled water to eliminate any possible contaminants. Then,
each experimental unit received six 14-day-old adults of N.
viridula or D. melacanthus and a bean pod of Phaseolus
vulgaris (Linnaeus, 1753) as feeding substrates. The pods
were replaced every 2 days, and moisture was reestablished
when necessary. Finally, 24 h after the release of the insects
into the boxes, 1 mL of the homogenized solution of each
isolate (O5RA, 11RA, 08RA, and 02RA) was applied on the
pronotum of the insects, with the assistance of a 1000-pL
micropipette. The applied volume exposed each insect to
approximately 500,000 conidia.

After applying the conidial suspension, the insects were
placed in a climatized chamber at a temperature of 25°C. The
experimental design was completely randomized and
included four treatments (isolates) and a control (water).
Each treatment consisted of 20 repetitions, with each
repetition being one Gerbox box for each of the insect
species. The evaluated variables were mortality at zero, two,
four, six, and eight DAA and the MMT during a period of 8
days.

To confirm the cause of mortality of adults under each
fungal isolate, groups of three dead insects, per species and
repetition, were placed into sterilized Petri dishes containing
PDA (as previously described). These Petri dishes were
sealed at the top using Parafilm M® and then placed in a
biochemical oxygen demand incubator for a period of 5 days.
The fungal cultures were evaluated under a stereo



microscope (40x), and those in which germinated conidia
could be seen were considered as positive.

Efficacy of M. anisopliae under greenhouse conditions

To determine the pathogenicity of the fungus M. anisopliae
in adults of N. viridula and D. melacanthus in a greenhouse
setup, the fungal isolate 08RA was used due to its greater
efficiency in inducing mortality in both insect species in the
laboratory in a shorter period of time. Therefore, the isolate
08RA was multiplied in PDA medium, as already mentioned.
Wheat plants at the boot stage were infested, per pot, with six
adults of N. viridula or D. melacanthus. After 2 days, a
conidial aqueous suspension of the M. anisopliae isolate
08RA at a concentration of 10® conidia/mL was sprayed on
each pot with the assistance of a hand sprayer (PCP 424,00,
Guarany™) under a pressure of 10 Ib/in* and a volume of
20.0 mL. To prevent the escape of insects, plastic pots were
accommodated into cages fabricated with “voile” fabric (70 x
40 x 40 cm), which were suspended by frames of galvanized
wires. In this design, the control consisted of wheat plants
infested with adults of N. viridula or D. melacanthus, which
were sprayed with water. The variables evaluated were
mortality at 0-14 DAA, with an interval of 2 days.
Additionally, MMTs were also determined. This
experimental design was completely randomized, including
20 repetitions per treatment; one repetition consisted of a
plastic pot with five wheat plants and six adults of N. viridula
or D. melacanthus. The confirmation that the mortality of
adults of the two insect species was due to the M. anisopliae
isolate 0BRA was performed, allowing the germination of the
fungus following the protocol described in the preceding
section.

Statistical analysis

All data were tested for normality with Bartlett Shapiro-
Wilk’s method. Then, all observations were “square-root +
0.1” transformed and subjected to analyses of variance
(ANOVA). When an F-statistic was significant, a post hoc
Tukey test at the 5% significance level (p < 0.05) was
performed (Cruz, 2013).

Conclusion

The fungus anisopliae constitutes a promising alternative
agent to control the growth of adult populations of N. viridula
and D. melacanthus in wheat cultures.
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