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ABSTRACT

Dichelops melacanthus was studied under controlled conditions (60 + 10% RH and 14/10 h L/D
photoperiod), and three constant temperatures (19, 25, and 31 + 2 °C). Fresh pods of MON 87701 x MON
89788 soybeans and its near non-B¢ isoline (A5547) were supplied to nymphs and adults. The biology of
T. podisi was studied in the same controlled RH conditions, but only at the standard temperature of 25 + 2
°C. Overall, the development of D. melacanthus was better at higher temperatures, which accelerated the
development of the stink bug without affecting adult biological parameters. No influence of Bf-soybeans
on the biology of the pest was observed in any temperature studied, which shows that D. melacanthus
is not affected by this transgenic soybean. The egg parasitoid 7. podisi also was not harmed when it
parasitized eggs of the pest fed with MON 87701 x MON 89788 soybeans, with similar results to those
obtained in non-Bt isogenic soybeans. Thus, this study demonstrates that D. melacanthus is favored at
high temperatures (31 £ 2 °C), and that neither did MON 87701 x MON 89788 soybean pods affect the
development of the pest nor its parasitoid 7. podisi.

Key words: egg parasitoids, global warming, natural enemy, non-target organisms, transgenic soybean.

INTRODUCTION

The soybean [Glycine max (L.) Merril] is one of the
most important crops worldwide, with an average

annual production of around 260 million tons in

Correspondence to: Adeney de Freitas Bueno
E-mail: adeney.bueno@embrapa.br

an area of about 103 million ha (Faostat 2013).
However, the occurrence of pests has become one
of the main factors that has hindered obtaining
good yields of this grain, mainly defoliating insects
(Panizzi and Corréa-Ferreira 1997, Bueno et al.
2011) and sucking insects (Panizzi 1997, Smith et
al. 2009, Musser et al. 2009).
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Currently there is evident population growth
of the green belly stink bug Dichelops melacanthus
(Dallas) (Hemiptera: Pentatomidae), in soybean
growing areas of Brazil, especially after the
adoption of a no-tillage system in most producing
regions of the country (Chocorosqui and Panizzi
2004). This species attacks the soybean crop, but
now also occurs in winter crops such as wheat
(Manfredi-Coimbra et al. 2005). The influence
of temperature on the life cycle of insects has
been demonstrated in several studies (Hochachka
and Sommero 1984, Praslicka and Huszar 2004,
Silva et al. 2011). In this regard, Chocorosqui and
Panizzi (2002) conducted a preliminary study on
the impact of temperature on the nymphal stage
of D. melacanthus, and found that the nymphs
did quite poorly in low temperatures. However,
the literature lacks detailed data on the impact
of temperature on the life cycle of this stink bug,
so this is crucial information that would make it
practical to determine the regions and times when
the pest could benefit from climate changes.

Within the context of integrated pest manage-
ment, one of the tools that have been long adopted
by producers is the cultivation of plants resistant
to insects. The process of gene insertion with the
bacterium Bacillus thuringiensis Berlinier (Bt)
in the plant has been developed primarily for
the control of lepidopterans, as in the case of Bt
cotton and Bt corn. This bacterium expresses an
insecticidal protein (Cry) that contacts the gut of
susceptible insects, debilitating them immediately
after ingestion (Santos et al. 2009). MON 87701
x MON 89788 soybeans express the insecticidal
crylAc insecticide gene, which is resistant to the
main crop defoliators, Anticarsia gemmatalis
Hiibner, 1818 (Lepidoptera: Eribidae) and the
soybean looper Chrysodeixis (= Pseudoplusia)
includens (Walker, 1857) (Lepidoptera: Noctuidae)
(Bernardi et al. 2012).

Among the advantages of the cultivation of
Bt plants are the reduction in insecticide use and
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lower environmental impact compared to the use
of insecticides (Kouser and Qaim 2011, Lu et al.
2012). However, it is still unclear what impact
this technology can have on non-target pests,
since the information in the literature is scarce
and conflicting. For example, Kim et al. (2012)
reported in a laboratory study that the aphid
Rhopalosiphum padi (L.) (Hemiptera: Aphididae)
has higher fecundity when developed on Bt corn.
This benefit for the biology of the pest can change
the scenario of reduced insecticide use on crops,
because of the need to use pesticides to control
pests that were formerly secondary on the crop (Li
et al. 2011). In Asia, after the large-scale adoption
of Bt cotton farming, the population growth of the
mirid Apolygus locurum (Meyer-Dur) (Hemiptera:
Miridae) has been observed. These studies indicate
that the expansion of B¢ plant cultivation can
benefit non-target pests through changes in the
physico-chemical composition of plants (Latham
et al. 2006), where the main beneficiaries may be
sucking insects sucking, such as D. melacanthus.
Among the important natural enemies of
this bug are the egg parasitoid Telenomus podisi
(Ashmed) (Hymenoptera: Platygastridae) (Corréa-
Ferreira and Moscardi 1994, Laumann et al. 2010).
This parasitoid is distributed in almost all Brazilian
agroecosystems, but its efficiency can be affected by
many factors. Thus, some studies have shown that
the cultivation of Bt plants can alter the nutritional
status of the host and consequently reduce the
performance of natural enemies (Zhang et al. 2006,
Sanders et al. 2007), while other studies have not
demonstrated such a relationship (Manachini and
Lozzia 2002, Fernandes et al. 2007), suggesting
that different results may be obtained depending
on the taxon studied. Thus, the aim of this study
was to assess the biology of D. melacanthus at
different temperatures when fed MON 87701 x
MON 89788 soybean pods and possible impacts
of this technology on the egg parasitoid 7. podisi.



Bt AND TEMPERATURE IMPACT ON BUGS 1025

MATERIALS AND METHODS

REARING AND MULTIPLICATION OF D. melacanthus AND T.
podisi

Eggs of D. melacanthus for the study came from
the rearing laboratory of the Agronomic Institute of
Parana (located in Londrina, Parand), where it has
been established for 19 years. The parasitoids were
derived from the rearing of the Embrapa Soybean
Laboratory, where it has been reared for over 27
generations in the laboratory. Both populations
were raised under controlled laboratory conditions
(25 £2 °C, 60 £ 10% RH, and a photoperiod of
14:10 h [L:D]).

SOYBEAN CULTIVATION AND PREPARATION OF THE
MATERIAL USED IN BIOASSAYS

The soybean cultivar was developed and made
available by the company Monsanto Brazil
Ltda. The near isoline A5547 (non-Bt soybean,
maturation group 5.5) and MON 87701 x MON
89788 expressing the Cryl Ac protein (Bt soybean)
were used. The material was sown in sterile soil in
plastic pots (8 L) maintained in a greenhouse. Five
seeds per pot were distributed in a total of 25 pots
per breeding line. In terms of cultural practices,
there was weekly control of powdery mildew
with the application of a product based on sulfur
(S) (Kumulus®) at a dose of 0.5 g L. At the V,
phenological stage of soybeans (Fehr and Caviness
1977), plants were fertilized with a chemical
fertilizer with the formulation 0-20-20 (N-P-K),
according to the technical recommendations of the
region. The humidity of the vessels was monitored
daily and drip irrigation of plants occurred
whenever necessary.

The pods were collected from the R,
phenological stage (Fehr and Caviness 1977) when
they were already full. Before being offered to the
stink bugs, the pods went through a process of
cleaning, in which they were immersed for 15 min
in a solution of water and 5% sodium hypochlorite.

After this period, the pods were removed from
the solution, rinsed, and dried for 2 h before the
material was offered to insects.

BIOLOGY OF D. melacanthus FED NON-Bt AND Bt SOYBEAN
PODS AT DIFFERENT TEMPERATURES

The testing was conducted in a completely rando-
mized design in a 3 x 2 factorial [three temperatures
vs. two soybean isolines (Bt and non-Bf)] with
seven replicates of 10 nymphs per treatment.
The temperatures to which the specimens were
submitted were 19, 25, and 31 £ 2 °C under
controlled relative humidity (60 = 10%) and 14/10
h L/D photoperiod conditions. The sources of food
offered were the soybean MON 87701 x MON
89788, which expresses the CrylAc protein (Bt
soybean), and its non-Bt isoline A5547 (non-Bt
soybean).

The nymphs were placed in Petri® dishes (0 =
6 cm), lined with filter paper. The individualization
occurred from the second instar, as in the first,
the nymphs had herd behavior and did not feed.
Each individual was offered a soybean pod
(each two days) and a plastic Eppendorf® tube
containing water and capped with cotton. Plates
were moistened daily to aid in maintaining the
relative humidity (RH%) of the plates. Every day
we reviewed the nymphal stage and recorded dead
individuals in all treatments.

Within 24 h after the last molt, the adult stink
bugs were weighed (g) with the aid of an analytical
balance and separated by sex. Later, stink bugs
were put into Gerbox® boxes that had perforated
lids to allow air to enter and were lined with filter
paper. Additionally, within each box a cap with
cotton soaked in water was made available for
adults. There were two females and one male per
Gerbox®, and every 48 h their filter paper and food
were changed.

The biological parameters evaluated were the
weight (g), sex ratio, fecundity, and egg viability
(%). To assess the viability of the eggs, these were
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taken from each Gerbox®, packaged in petri dishes
(9 = 6 cm), and kept under the same conditions of
temperature, humidity, and photoperiod as adults.
As the nymphs emerged, they were counted to
calculate viability.

BIOLOGY OF T. podisi DEVELOPED IN EGGS OF D.
melacanthus REARED WITH Bt AND NON-Bt SOYBEAN PODS

The eggs of D. melacanthus used to study the bio-
logy of T_ podisi were obtained from rearing with the
same methodology used in the study of the biology
of the stink bugs, except for the use of large plastic
boxes of 25 x 30 x 30 cm. The eggs collected from
the boxes were stored in liquid nitrogen at -196 °C,
which does not affect the quality of these eggs for a
period of 360 d (Corréa-Ferreira and Oliveira 1998).

A mean of 25 eggs from each treatment were
separated and glued to non-toxic white cardboard
glue mats (0.8 cm X 5 cm). The experiment was
carried out in a completely randomized design with
35 replications. In each repetition, we used a newly
emerged 7. podisi female (between 24 h and 48
h) that had previously mated and individualized
in Duran tubes (6 cm x 1 cm @) containing a
droplet of honey to feed the parasitoid. The cards
were individually introduced into the tubes and
immediately sealed with plastic wrap. Parasitism
was allowed for 24 h, after which time the cards
were removed and transferred to separate flat-
bottom glass tubes (8 cm x 2 cm @) until adult
emergence. Females also remained acclimatized
under the same conditions in which they developed
in the chambers. We evaluated the longevity
of parental females (days), the egg-to-adult
period (days), parasitism, parasitism viability (%
emergence), and sex ratio.

STATISTICAL ANALYSIS
Data were analyzed for normality (Shapiro and
Wilk 1965) and homogeneity of variance of

treatments (Burr and Foster 1972), and if necessary
transformed to perform ANOVA. The treatment
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means were then compared by a Tukey test at the
5% probability level (SAS Institute 2001).

RESULTS

BIOLOGY OF D. melacanthus FED NON-Bt AND Bt SOYBEAN
PODS AT DIFFERENT TEMPERATURES

The results demonstrated that the increase in
temperature accelerated the nymphal development
of D. melacanthus at all instars of the nymphal stage
of'the species (Table I). At 31 °C, the nymphal stage
of D. melacanthus took 16.73 d, while at 25 °C it
was 27.50 d (F = 195.8, DF = 1, P=<0.01). When
the insects were subjected to a temperature of 19
°C, development was highly degraded, and only
one individual reached the adult stage. Overall, the
highest mortality rate was always observed in the
second instar of the stink bug, demonstrating that
the food is not very appropriate for D. melacanthus
development (Table II).

Although nymphal viability was relatively
low at both temperatures, it was superior when the
insects were subjected to a temperature of 31 °C
(approximately 30%), while that at a 25 °C average
was 17.85% (F = 294.74, DF= 1, P = <0.01).
On the other hand, MON 87701 x MON 89788
soybeans did not affect the nymphal biology at
any temperature, thus indicating that they were not
detrimental to the development of D. melacanthus
(Tables I and II).

Due to the high mortality of nymphs at 19 °C,
no data on the biological parameters of adults were
obtained from that treatment. Overall, the adults
that emerged at 31 °C showed a greater weight than
those at 25 °C, but the other biological characteris-
tics, such as sex ratio, fecundity, and egg viability,
were similar at the two temperatures (Fig. 1). As ob-
served for nymphal stage D. melacanthus, the adults
fed on MON 87701 x MON 89788 soybeans had
biological parameters similar to those fed on non-B¢
soybeans (Fig. 2), confirming that the transgenic
soybean does not affect the biology of the pest.
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TABLE I
Influence of temperature on the nymphal longevity of Dichelops melacanthus developed on Bt and non Bt
isogenic soybean pods.

1027

Nymphal logevity (d) of Dichelops melacanthus

Variables - - - -
2° instar 3° instar 4° instar 5° instar Total
£ 19 1284+035a 1528+ 145a - - -
a ~~
28 25 455+0.25b 7.18+0.52b 7.26+0.29 a 9.58+0.18a 27.50+0.58 a
=
& 31 3.76 £0.12 ¢ 3.68+0.18 ¢ 3.99+022b 544+0.12b 16.73+0.52b
§ Bt 6.97 +£0.82™ 6.70 = 1.08™ 5.34 + 0.44™ 7.36+0.58"™ 22.85+1.56™
e}
(,Jé Non-Bt 7.14 +£1.04 8.44+122 5.91+£0.58 7.66 +=0.59 21.38 £ 1.60
CV (%) 8.63 34.25 17.33 3.97 9.21
DFlemp 2 2 1 1 1
soybean l 1 1 1
DFtemp. X soybean 2 2 1 1 1
Ftemp_ 259.46 46.35 74.55 364.13 195.8
soybean 0.55 1.04 2.28 2.41 3.62
femp. x soybean 2.96 0.09 1.91 0.74 0.01
Plemp_ <0.01 <0.01 <0.01 <0.01 <0.01
soybean 0.46 0.31 0.14 0.14 0.07
0.07 0.91 0.17 0.40 0.90

temp. x soybean

Means + SEM followed by the same letter in the column for each factor (temperature or soybean) do not differ by
Tukey test (P>0.05). "ANOVA not significant. - Parameter nonexistent.

TABLE I1
Influence of temperature on the nymphal viability (%) of Dichelops melacanthus developed on Bt and non-Bt isogenic
soybean pods.

Dichelops melacanthus Nymphal stage viability (%)

Variables - - - -
2° instar 3° instar 4° instar 5° instar Total
% 19 29.90 + 3.04™ 41.76 £10.39 a 0.00+£0.00 b 0.00+£0.00 b 042+0.22a
g ~~
gg/ 25 28.57+3.76 85.83+4.93b 98.07+192a 96.15+2.60 a 17.85+1.55b
g
& 31 38.57+ 3.29 87.62+4.48 ¢ 97.14+ 194 a 100.00 £ 0.00 a 2928+221¢
§ Bt 30.47 +£2.97™ 77.38 +£6.30™ 70.26 + 10.06™ 71.05+10.16™ 16.85 +£3.29™
e}
§ Non-Bt 33.80+2.80 66.10+ 8.25 68.42 +10.92 66.66 + 11.43 14.85+2.52
CV (%) 26.14 36.42 7.92 16.02 17
DF,emp. 2 2 2 2 2
soybean 1 1 1 1
DFtemp. x soybean 2 2 2 2 2
Flemp, 2.31 13.84 1156.37 293.11 294.74
soybean 0.7 1.96 3.43 0.03 0.51
femp. x soybean 0.01 1.08 1 1.65 2.19
Pwmpv 0.12 <0.01 <0.01 <0.01 <0.01
soybean 0.41 0.17 0.07 0.85 0.48
0.98 0.35 0.38 0.21 0.13

temp. x soybean

Means + SEM followed by the same letter in the column for each factor (temperature or soybean) do not differ by Tukey test
(P>0.05). "ANOVA not significant. - Parameter nonexistent.
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Figure 1 - Biological characteristics of the adult phase
Dichelops melacanthus developed with soybean pods submit-
ted at different constant temperatures. Means were compared
by Tukey test (* = P < 0.05). (PS. At the temperature of 19
°C hatched only 1 adult individual, not allowing to perform
statistical analysis).

BIOLOGY OF T. podisi DEVELOPED IN EGGS OF D.
melacanthus REARED WITH Bt AND NON-BT SOYBEAN PODS

The development of the parasitoid 7. podisi
was not harmed when it parasitized eggs of D.
melacanthus reared on MON 87701 x MON 89788
soybeans (Table III). Parental females lived about
12 d in both treatments, and had a parasitism rate
exceeding 80%, indicating good nutritional quality

An Acad Bras Cienc (2016) 88 (2)
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Figure 2 - Biological characteristics of the adult of Dichelops
melacanthus developted on Bt and non-Bt soybean pods.
Means were compared by Tukey test.

of the host. Confirming this statement, the viability
parameters of parasitism and sex ratio were also
similar between treatments (Table I1I).

DISCUSSION

Our study proves that the stink bug D. melacanthus
develops better in higher temperatures, explaining
the higher occurrence of this species in the warmer
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TABLE III
Biological parameters of Telenomus podisi developed in Dichelops melacanthus eggs fed on
Bt and non Bt soybean.

Soybean Longevity of pa]rental female Period Parasitism (%)"
(d) egg - adult (d)'

Bt 12.24 £ 1.56™ 12.88 £0.10™ 85.16 £2.26™
Non-Bt 11.80+1.33 12.68 +0.13 83.32+3.42
CV (%) 27 2.08 7.71
DF .. 8 8 8

F 0.05 1.39 0.20

P 0.83 0.27 0.66
Soybean Viability of parasitism (%)’ Sexual rate'

Bt 76.79 + 4.03™ 0.80 + 0.04™
Non-Bt 79.29 +4.38 0.82 +0.03
CV (%) 12.07 11.25

residue 8 8

F 0.18 0.06

P 0.68 0.81

'Means + SEM followed by the same letter in the column do not differ by test z (P>0.05). "ANOVA

not significant. *Data transformed (v X +1).

regions of Brazil. Even when the insects were
subjected to 31 °C, the biological parameters of
adult females were not affected. Among nymphs
that developed at 19 °C, almost all individuals
died in the third instar without performing ecdysis,
confirming that the species is better adapted to
higher temperatures. These results corroborate
Chocorosqui and Panizzi (2002), where the authors
found that at low temperatures (15-20 °C) there
was a high mortality of the pest, while the best
performance was at 25 °C. However, the maximum
temperature studied by the authors was 25 °C, and
the study was limited only to the impact on the
nymphal stage of the stink bug.

In our study examining the different stages of
D. melacanthus, temperatures up to 31 °C shortened
the juvenile phase of the stink bug, but did not affect
the biological parameters of adults, indicating
that in areas or times of higher temperatures, this
species can cause major damage to crops, due to a
possible increase in the number of generations of
the pest. The fecundity of females that emerged at
31 °C was 104.63 eggs, with a viability of 65.22%.

These results did not differ for females from 25
°C, which had fecundity and viability of 86.33
eggs and 60.18%, respectively. These results are
underpinned by Chocorosqui and Panizzi (2008),
who claim that fertility can vary from 74.1 to 131.4
eggs/female with viability between 55.8 and 74.9%.

The importance of the influence of temperature
on the biology and biodynamics of pests has been
increasingly studied (Nondillo et al. 2008, Silva
et al. 2011, Kendrick and Benstead 2013). In
Brazil, some insects have recently gained greater
importance, and it is believed that the occurrence
of higher temperatures has favored some insect
pests. For example, currently, the brown stink bug
E. heros is the main problem in areas cultivated
with soybeans, and this species has become highly
adapted to high temperature conditions (Cividanes
and Parra 1994). According to Cividanes and Parra
(1994), the highest oviposition of this species is
in the range of 26 to 28 °C, but it also has good
growth at 30 °C. Currently, the soybean looper C.
includens is reported as a key pest of soybeans, and
its occurrence is often associated with periods of

An Acad Bras Cienc (2016) 88 (2)
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higher temperatures and lower rainfall. According
to Mason and Mack (1984), the maximum fecundity
of moths of this species occurs between 26 and 32
°C, which explain the greater abundance of this
pest in the warmer regions of Brazil.

Despite the climatic significance of the
dynamics of insects, the nutritional quality of the
host plant is crucial for the establishment of a pest.
In this sense, our results showed that soybean pods
are probably not suitable for the development of
green belly stink bugs, due to the high mortality
rate observed in general. Similar studies have
also indicated a high mortality of D. melacanthus
when only fed with soybean pods (Panizzi et al.
2007, Chocorosqui and Panizzi 2008), achieving
mortality rates of around 63% (Chocorosqui and
Panizzi 2008). This high mortality is observed even
when the insect feeds on other food sources, such
as an artificial diet (Panizzi et al. 2007) or seeds of
wheat or maize seedlings (Chocorosqui and Panizzi
2008). Therefore, the survival of D. melacanthus in
nature is not guaranteed by only one food source,
but probably by a diversity of host plants (Silva et
al. 2013), which may explain the current status of
this pest, which is still of secondary importance in
soybeans.

The nymphal stage of D. melacanthus at 25
°C took about 25 d to complete, independent of
the genetic material of soybeans. These values
are similar to those obtained by Chocorosqui
and Panizzi (2008), where this stink bug took
between 25 and 28 d to reach the adult stage while
feeding on non-Bf soybean pods. When the insects
reached the adult stage, the parameters of sex ratio,
fecundity, and egg viability did not differ between
the treatments, thus proving the ineffectiveness
of MON 87701 x MON 89788 soybeans on the
biology of D. melacanthus.

Thus, these observations demonstrate that
MON 87701 x MON 89788 soybeans have no im-
pact on D. melacanthus. However, although the
sucking insects do not come in direct contact with
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the insecticidal protein, the safety of Bt plants on
sucking insects cannot be generalized because
there are other factors that can alter the biology of
non-target pests. Accordingly, Kim et al. (2012)
reported that the development of the aphid RAo-
palosiphum padi (L.) (Hemiptera: Aphididae) on
Bt maize surprisingly increased its fecundity. The
authors also found a high concentration of insecti-
cidal protein (Cry1F) in insects, proving the inges-
tion of Bt. While the conducting vessels of plants
do not carry the insecticidal protein, insects can
accidentally ingest protein when they are inserting
their stylus on the leaf area of the host. Therefore, it
is possible that D. melacanthus has ingested the Bt
protein CrylAc from soybeans, but is unlikely that
buildup occurred in its tissues, since the biological
parameters of the pest were not affected.

Although under laboratory conditions the stink
bug has not shown differences in their biology,
in field conditions there are many contradictory
results, where the non-target pest may or may not
be influenced by Bt (Pons et al. 2005, Mann et al.
2010, Lietal. 2011). This was evidenced in the work
of Dhillon and Shama (2013), in which the authors
reported a higher incidence of the whitefly Bemisia
tabaci (Gennadius) (Hemiptera: Aleyrodidae)
on Bt cotton, while the population of Amrasca
biguttula (Ishida) (Hemiptera: Cicadellidae) was
negatively influenced by the transgenic plant. In
another study, Fernandes et al. (2012) observed the
opposite behavior, with a lower incidence of aphids
in Bt cotton. Therefore, these divergent results
demonstrate that this relationship is very specific,
depending on the plant and insect species studied.

The gene crylAc expressed in Bt soybeans
is also present in some Bt cotton (Bollgard I®),
which is nowadays cultivated on a large-scale
worldwide. Some research has been performed
with this transgenic cotton, finding no influence of
this technology on non-target insects (Torres and
Ruberson 2006, Sujii et al. 2013), similar to the
results of our study. However, for the cultivation of
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Btmaize, a few different results have been observed,
including reported population increases in the
leathoppers Dalbulus maidis (DeLong & Wolcott)
(Hemiptera: Cicadellidae) (Virla et al. 2010) and
Zyginidia scutellaris (Herrich - Schéffer) (Pons
et al. 2005). One hypothesis raised by the authors
is that the pest may have benefited from the high
quality of the uninjured leaves of the plant, due to
the lower occurrence of Spodoptera frugiperda
(Smith) (Lepidoptera: Noctuidae) (Virla et al.
2010). In the case of Bt soybean crops, the expected
reduction in leaf injury caused by 4. gemmatalis
and C. includens, particularly, may also favor the
higher abundance of other pests such as sucking
pests like stink bugs. However, this hypothesis
needs to be investigated under field conditions.

In the field, the quality of the host plant pest
may interfere with the rate of parasitism (Koppel et
al. 2009), probably due to being able to change the
nutritional quality of host eggs. In our study, this was
not observed, and the biology of 7. podisi was not
affected when developed in eggs of D. melacanthus
fed MON 87701 x MON 89788 soybeans. This
indicates that the nutritional quality of the eggs
of the pest does not affect the development of its
natural enemy. This was confirmed by the high
parasitism rate (above 80% in both treatments),
resembling that on eggs of E. heros, its preferred
host (Pacheco and Corréa-Ferreira 1998). These
results indicate that this parasitoid can be used to
mitigate the impact of stink bugs on MON 87701 x
MON 89788 soybeans, since the efficiency of this
natural enemy will not be impaired.

The innocuous effect of B¢ on natural ene-
mies has been shown in other research. Chen et al.
(2008) showed that the parasitoid Diadegma insu-
laris (Cresson) (Hymenoptera: Braconidae) is not
affected by the Bt protein, regardless of the form in
which it is offered to the natural enemy. Similarly,
egg parasitoids of Lepidoptera belonging to the
genus Trichogramma are also not affected when
fed with pollen from B¢ corn and cotton in their

diet (Geng et al. 2006, Wang et al. 2007). However,
other studies have found adverse results on natural
enemies. For example, Gao et al. (2010) found that
the development time of the first generations of
Anagrus nilaparvatae (Pang and Wang) (Hyme-
noptera: Mymaridae) in eggs of the non-target pest
Nilapavarta lugens (Stal) (Hemiptera: Delphacidae)
were affected when the pest was fed Bz rice. In a
review by Lovei and Arpaia (2005), 40% of studies
found some negative impact on natural enemy
biology caused directly or indirectly by Bt plants.
Nevertheless, the authors stress that there is still
little research investigating this interaction, mainly
because most of the studies were performed with a
small group of natural enemies.

Finally, our work demonstrated that the stink
bug D. melacanthus has better development at
elevated temperatures, and in this condition the
pest may cause further damage to cultivated plants.
Thus, it is necessary to monitor the temperature
over the years and in different regions with soybean
crops to determine whether the pest will not be
affected by warmer temperatures at these sites.
Additionally, we can clearly observe that our study
has an important contribution in proving that D.
melacanthus and its parasitoid 7. podisi are not
affected by soybean MON 87701 x MON 89788
technology. Further field studies are needed where
it is possible to study the bioecology of the pest,
especially considering that there is less competition
for food because of the population reduction of
the target lepidopteran with this technology, thus
changing the biodynamics of pests in crops.
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RESUMO

Dichelops melacanthus foi avaliado em condi¢des con-
troladas (60 + 10% UR e fotoperiodo de 14/10 h L/E) em
trés temperaturas constantes (19, 25, ¢ 31 +2 °C). Vagens
frescas da soja MON 87701 x MON 89788 ¢ de sua
isolinhando-Bt (A5547) foram oferecidas a ninfas e adul-
tos. A biologia de 7. podisi foi estudada nessas mesmas
condigdes controladas de UR, mas apenas na temperatura
padrdo de 25 + 2 °C. Em geral, o desenvolvimento de D.
melacanthus foi melhor nas temperaturas mais altas, as
quais aceleraram o desenvolvimento do percevejo, mas
sem afetar os parametros biologicos da fase adulta. Nao
houve influéncia da soja-B¢ na biologia da praga em
nenhuma das temperaturas estudadas, o que mostra que
D. melacanthus ndo ¢ afetado pela soja transgénica. O
parasitoide de ovos 7. podisi também nao foi impactado
quando parasitou ovos da praga alimentada com soja
MON 87701 x MON 89788, com resultados semelhantes
aqueles obtidos na soja isogénica ndo-Bt. Portanto, este
estudo comprova que D. melacanthus ¢ favorecido por
temperaturas mais altas (31 £ 2 °C), e que soja-Bft MON
87701 x MON 89788 ndo afeta o desenvolvimento desta
praga assim como de seu parasitoide 7. podisi.

Palavras-chave: parasitoide de ovos, aquecimento global,
inimigo natural, organismos ndo-alvos, soja transgénica.
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