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fed with an insect resistant soybean variety!"
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Abstract — The objective of this research was to evaluate the effect of the insect resistant soybean
genotype IAC 17 on reproductive characteristics of Podisus nigrispinus (Dallas) (Heteroptera:
Pentatomidae) females compared to the soybean insect susceptible genotype UFV 16. Treatments
were: T1) females of P. nigrispinus fed on plants of the UFV 16 and Anticarsia gemmatalis Hiibner
(Lepidoptera: Noctuidae) caterpillars reared on leaves of this variety; T2) females of P. nigrispinus fed
on plants of the IAC 17 and A. gemmatalis caterpillars reared on leaves of this variety. Longevity of
females, pre-oviposition, oviposition and pos-oviposition periods, number of eggs and egg masses/
female, egg weight, interval between egg mass laying, number of eggs/egg mass, percentage of nymphs,
number of nymphs/female and total number of prey killed/female of P. nigrispinus were evaluated.
Most of the characteristics evaluated showed similar results between treatments, but the oviposition
period was longer for females reared on the resistant genotype than on the susceptible one and the
percentage of total females that laid eggs was lower on the IAC 17. Also, the resistant genotype caused
higher mortality of P. nigrispinus females at the beginning of its adult stage and egg production by
females of this predator was better spread along its adult stage with this resistant genotype. On the
other hand, results suggest no effect of the resistant genotype on the offspring of this predator.

Index terms: Anticarsia gemmatalis, insects, reproduction, biological control, pest control.

Caracteristicas reprodutivas do predador Podisus nigrispinus alimentado
com variedade de soja resistente a insetos

Resumo — O objetivo desta pesquisa foi avaliar o efeito do gendtipo IAC 17, resistente a insetos, nas
caracteristicas reprodutivas de fémeas de Podisus nigrispinus (Dallas) (Heteroptera: Pentatomidae),
utilizando o genotipo susceptivel UFV 16 como controle. Os tratamentos foram: T1) fémeas de
P. nigrispinus alimentadas com plantas de UFV 16 e lagartas de Anticarsia gemmatalis Hubner
(Lepidoptera: Noctuidae), criadas em folhas desta cultivar; T2) f€émeas de P. nigrispinus alimentadas
com plantas de IAC 17, e lagartas de 4. gemmatalis, criadas em folhas desta cultivar. Avaliou-se a
longevidade das fémeas, periodos de pré-oviposi¢ao, oviposi¢do e pos-oviposi¢do, numero de ovos e de
posturas/fémea, peso dos ovos, intervalo entre posturas, numero de ovos/postura, porcentagem de
ovos eclodidos, nimero de ninfas/fémea e niimero total de presas mortas/fémea de P. nigrispinus.
A maioria das caracteristicas avaliadas mostrou resultados semelhantes entre tratamentos, exceto o
periodo de oviposicao, que foi mais longo para fémeas criadas no gendtipo resistente que no suscepti-
vel, e a porcentagem de fémeas que ovipositaram antes de morrer, que foi menor na IAC 17. Além disso,
o genotipo IAC 17 causou maior mortalidade de fémeas de P. nigrispinus no inicio de sua fase adulta e
distribuicdo mais uniforme da produgé@o de ovos ao longo do periodo adulto desse predador. Por outro
lado, os resultados ndo sugerem efeito desse genotipo na prole do predador.

Termos para indexagdo: Anticarsia gemmatalis, insetos, reprodugdo, controle biologico, controle de
pragas.
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Introduction

Soybean culture in Brazil demands a consider-
able amount of chemical products for pest control,
which can cause environmental impacts besides af-
fecting non-target organisms (Zanuncio et al., 1998).
Due to the tendency of reducing use of chemical
products, other methods of pest control have been
studied, including host plant resistance and biologi-
cal control. Thus, the Instituto Agrondmico,
Campinas, State of Sdo Paulo, Brazil, developed the
soybean genotype IAC 17 resistant to Anticarsia
gemmatalis Hiibner (Lepidoptera: Noctuidae)
(Lourenc@o et al., 1997). Biological control organisms
are important for maintenance of populations of in-
sect pests below economic levels in soybean fields.
Among these organisms, Podisus nigrispinus (Dal-
las) (Heteroptera: Pentatomidae) (Saavedra et al.,
1997) is considered an important predator of Lepi-
doptera larvae associated to the soybean crop
(Panizzi, 1990).

Since predatory bugs can also feed on plants
(Stoner, 1970; Moreira et al., 1996/1997), this behav-
ior can affect their development through the inges-
tion of deleterious substances from resistant plants
(Price et al., 1980; Bozer et al., 1996; Traugott &
Stamp, 1997). As a consequence, adult longevity of
this bug may be shorter and their fecundity and pre-
dation capacity could be lower on resistant plants.
Kartohardjono & Heinrichs (1984) observed higher
population reduction of Nilaparvata lugens (Stal)
(Homoptera: Delphacidae) by the predators
Cyrtorhinus lividipennis Reuter (Hemiptera: Miridae)
and Microvelia douglasi atrolineata (Bergroth)
(Hemiptera: Veleiidae) on susceptible rice plants com-
pared to resistant ones. Orr & Boethel (1986) showed
that the soybean genotype PI 227687, resistant to
insects, delays egg production of the predator
Podisus maculiventris (Say) (Heteroptera:
Pentatomidae).

Studies about tri-trophic interaction levels can
show that effects of resistant plants on natural en-
emies varies between species. The objective of this
work was to evaluate the effects (direct or indirect)
of'the resistant soybean IAC 17 on reproductive char-
acteristics of P. nigrispinus fed on caterpillars of
A. gemmatalis reared with leaves of this genotype
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compared to others reared with leaves of the sus-
ceptible soybean genotype UFV 16.

Material and Methods

This study was developed in the Biological Control
Laboratory of the Instituto de Biotecnologia Aplicada a
Agropecuaria (BIOAGRO), of the Universidade Federal
de Vigosa (UFV), Brazil, at 25+2°C, 71+7% RH and a
photophase of 14 hours.

Each experimental unit consisted of a translucent re-
cipient of soda (2-L), where one female of P. nigrispinus
was placed. The bottom of these recipients was cut to
allow fixing a cover of a plastic pot of 500 mL with a
soybean plant, which was cultivated in a greenhouse. In
the upper part of these recipients, a circular opening with
4 cm diameter was made and covered with tulle. Distilled
water was supplied in anesthetic tubes (Assis Junior et al.,
1998). Soybean plants used were at the V3 or V4 growth
stage (Sediyama et al., 1989).

Anticarsia gemmatalis offered to P. nigrispinus were
reared in the laboratory with soybean leaflets of the
UFV 16 or the IAC 17 from plants at the V4 to R4 growth
stage (Sediyama et al., 1989), cultivated in the field
(Comissao de Fertilidade do Solo do Estado de Minas
Gerais, 1989). These caterpillars were originated from par-
ents reared with artificial diet.

Nymphs of P. nigrispinus, originated from eggs of fe-
males reared individually with larvae of Tenebrio molitor L.
(Coleoptera: Tenebrionidae) (Zanuncio et al., 1994), were
individualized during II and III instars in Petri dishes
(15 x 1.5 c¢cm), receiving one soybean leaflet from the
UFV 16 (susceptible) or the IAC 17 (resistant), one 1.5 cm
long A. gemmatalis larva (Saavedra et al., 1997), reared in
the respective soybean variety, and distilled water inside
anesthetic type tubes. At the fourth instar nymphs of this
predator were transferred to 2-L recipients, containing one
A. gemmatalis larva of similar size (1.5 cm), a soybean
plant at V3 or V4 growth stage, changed every four days
and distilled water. Nymphs of II or III instars of
P. nigrispinus were maintained inside Petri dishes due to a
high mortality rate observed for this insect in the 2-L re-
cipients during these instars. Males of this predator were
individualized in Petri dishes, receiving a leatlet from one
of the soybean genotypes, the prey A. gemmatalis, with
3-4 cm long reared with leaflets of the UFV 16 or the
IAC 17 soybean genotypes, according to the treatment,
and distilled water.

Females of P. nigrispinus were coupled in the fourth
day after their emergence with two to four day-old males
(Zanuncio et al., 1996/1997; Mohaghegh et al., 1998), in
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the Petri dishes where the males were kept. After mating,
each female constituting a replicate in a total of 15 and 14
females for the T1 and T2 treatments, respectively, was
confined in the 2-L recipients, with a 3 to 4 cm long cater-
pillar of A. gemmatalis reared with leaflets of the UFV 16
and one plant of this variety (T1); a caterpillar of
A. gemmatalis, of similar size, reared with leaflets of the
IAC 17 and one plant of this variety in the 2-L recipient
(T2). Soybean plants were changed every four days and
the leaflets each day; the prey was substituted whenever
it was killed or when it showed no movements. After lay-
ing approximately 100 eggs (Torres et al., 1997), each fe-
male of P. nigrispinus was mated again, with the same
male in the described conditions. Dead males were substi-
tuted by others of the same treatment.

The number of preyed caterpillars was counted even
during the period of the sexual intercourse because females
of predators such as Podisus sculptus Distant (Heteroptera:
Pentatomidae) feed during this period (Nascimento et al.,
1996).

Evaluations (twice a day) were made for survival and
longevity of females, for pre and pos-oviposition periods,
number of eggs and egg masses/female, egg weight, interval
between egg laying, eggs/egg masses, egg viability, nymphs/
female and number of larvae killed per each P. nigrispinus
female. These results were submitted to the non-paramet-
ric average test of Wilcoxon (P<0.05).

All replicates were considered, including females which
did not lay eggs for evaluation of longevity, number of eggs
and egg masses, nymphs/female and number of prey killed
per female of P. nigrispinus. For the other characteristics,
only data of females which laid eggs were considered.

Results and Discussion

Podisus nigrispinus females presented similar
longevity, 36.20 and 27.21 days, on the soybean geno-
types UFV 16 (susceptible) and IAC 17 (resistant),
respectively (Table 1). This longevity was longer
than that reported by Molina-Rugama et al. (1997)
(23.0 days), when they wused larvae of
Musca domestica L. (Diptera: Muscidae) that is a
lower quality prey than lepidopterous such as
Bombyx mori L. (Lepidoptera: Bombycidae) for
nymphs of P. nigrispinus (Zanuncio, T. et al., 1991).
These authors also used vegetable material for feed-
ing nymphs of this predator which could increase
the longevity of females of predatory bugs (Ruberson
et al., 1986). Zanuncio, J. et al. (1991) reported that
female longevity of this predator was 28.1 days, when
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fed on B. mori caterpillars, a value similar to that
obtained with 4. gemmatalis reared with the resis-
tant IAC 17 soybean variety. P. maculiventris also
showed similar longevity with the susceptible soy-
bean variety Davis and the resistant one PI 227687
(Orr & Boethel, 1986).

In spite of similar longevity (Table 1),
P. nigrispinus female showed higher mortality at the
beginning of the adult stage when associated with
the resistant variety (some females died between the
third and the fourth day) (Figure 1). On the other
hand mortality of P. nigrispinus females on the sus-
ceptible genotype occurred only after the 12t day.
The last female of P. nigrispinus associated with the
resistant genotype IAC 17 died five days before the
last one associated with the susceptible
UFV 16 genotype (Figure 1).

P. nigrispinus females showed similar pre and
post-oviposition periods with both genotypes
(Table 1). This is similar to results of Orr & Boethel
(1986) who observed that the resistant soybean geno-
type PI 227687 did not affect the pre-oviposition pe-
riod of P maculiventris. Values found for the first
period (6.60 and 7.63 days with the UFV 16 and the
IAC 17, respectively) are similar to the 8.5 days ob-
tained by Torres et al. (1998).

The longest oviposition period of P. nigrispinus
when associated with the resistant genotype (Table 1)
demonstrates a deleterious effect of this variety on
this predatory bug. This can reduce the number of
generations of P. nigrispinus and, consequently, the
predator population growth. However, this period
for both genotypes was longer than that obtained
by Zanuncio, T. et al. (1991), that is, 22.40 days.

The number of eggs/female was similar between
treatments which showed that differences in the ovi-
position period did not affect the fecundity of
P. nigrispinus (Table 1). The values obtained (554.00
and 357.79 eggs/female inthe UFV 16 and the IAC 17,
respectively) are higher than that observed by Torres
et al. (1998),325.00 eggs/female for this insect. Since
these authors did not use plants, such differences
could be explained by feeding this predator on plants
as pointed out by Assis Junior et al. (1998) and
Moreira et al. (1996/1997). These authors obtained
higher number of eggs/female for Supputius
cincticeps Stal (Heteroptera: Pentatomidae) and
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higher net reproductive rate for Tynacantha females of the rearing facility, while in the present
marginata (Dallas) (Heteroptera: Pentatomidae) study the eggs were collected from females reared
when they were supplied with eucalyptus seedlings individually from the second instar. This can justify,
and prey instead of only prey. Furthermore, Torres  partly, higher values obtained and also the fact that
et al. (1998) developed their research with eggs from  these authors worked with different temperature

Table 1. Effect of the susceptible UFV 16 and the resistant IAC 17 soybean genotypes on reproductive characteristics
(mean + SEM) of females of Podisus nigrispinus (Heteroptera: Pentatomidae) fed with these plants and the prey
Anticarsia gemmatalis (lepidotera: Noctuidae) reared with leaflets of these genotypes in laboratory. Temperature of
2542°C, RH of 71£7% and photophase of 14 hours. Number of replications: 15 for the UFV 16 and 14 for the
IAC 17,

Characteristics UFV 16 IAC 17
Longevity (days) 36.20+£3.47a 27.21+£5.90a
Pre-oviposition period (days) 6.60+0.54a 7.63+1.13a
Oviposition period (days) 26.80+3.11b 37.57+2.88a
Pos-oviposition period (days) 2.80+0.61a 2.50+1.10a
Eggs/female 554.00+70.47a 357.79+103.43a
Egg mass/female 14.93+1.76a 10.43+2.93a
Egg weight (mg) 0.33+0.01a 0.33+0.01a
Interval between egg laying (days) 1.97+0.24a 1.87+0.19a
Eggs/egg mass 36.66+2.13a 31.48+3.78a
Egg viability (%) 71.59+9.83a 85.40+3.66a
Nymphs/female 447.07+84.64a 319.93+93.58a
Prey killed/female 12.47+1.43a 8.43+2.29a
Females that laid eggs (%)@ 100.00+0.00b 57.14+13.73a

(WMeans followed by the same letter in the line are not significantly different, according to the Wilcoxon test at 5% level. @Percentage of total females
that laid eggs; six females fed with TAC 17 died before laying eggs.
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Figure 1. Mortality (%) of females of Podisus nigrispinus (Heteroptera: Pentatomidae) associated with the soybean

genotypes UFV 16 (susceptible, W) or the IAC 17 (resistant, (1) and the prey Anticarsia gemmatalis (lepidotera:
Noctuidae) reared with leaflets of these genotypes. Temperature of 25+2°C, RH of 71+7% and photophase of 14 hours.
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(27°C). The delaying and the more uniform egg pro-
duction associated with the resistant genotype (Fig-
ure 2), in spite of the similar number of eggs for both
susceptible and resistant genotypes, were also re-
ported by Orr & Boethel (1986) for P. maculiventris.
During the twenty-fifth initial days, females associ-
ated with the resistant IAC 17, laid 39.05% of their
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total number of eggs, while in the case of the sus-
ceptible UFV 16 this value was 49.81%. Higher egg
production in this initial period, with the susceptible
variety, can be due to a better survival rate of
P, nigrispinus females (Figure 2). Up to the thirty-
fifth day females of P. nigrispinus associated with
the UFV 16 produced a higher number of eggs and
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Figure 2. Total number of eggs per alive female (39) and survival (—) of females of Podisus nigrispinus (Heteroptera:
Pentatomidae) associated with the soybean genotypes UFV 16 (susceptible) or the IAC 17 (resistant) and the prey
Anticarsia gemmatalis (lepidotera: Noctuidae) reared with leaflets of these genotypes. Temperature of 25+2°C, RH of

71+7% and photophase of 14 hours.
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higher survivorship than in the case of the resistant
IAC 17. After this period this result showed an in-
version between them but no differences found for
this parameter at final life.

The number of egg masses/female was not sig-
nificantly different between soybean genotypes
(Table 1) but it was higher than the 7.8 egg masses
obtained by Torres et al. (1997). Such difference could
be explained, among other factors, by the supply of
soybean plants to P. nigrispinus in this study. This
was also observed by Moreira et al. (1996/1997) which
showed that the addition of plant material to the diet
of T marginata increased its reproductive charac-
teristics.

The period between egg mass deposition by
P. nigrispinus females was not affected by the resis-
tant soybean (Table 1), with similar value to the
2.43 days (Zanuncio, T. et al., 1991) and 2.40 days
(Torres et al., 1998), but the number of eggs/egg mass
in both soybean genotypes was lower than the
38.2 eggs/egg mass of Zanuncio, J. et al. (1991) and
higher than the 21.50 eggs/egg mass of Torres et al.
(1997).

Egg weight, egg viability, number of eggs/egg
mass and number of nymphs/female of P. nigrispinus
was similar with both soybean genotypes (Table 1),
a fact that is important for integrated pest manage-
ment of A. gemmatalis. However, since these results
were obtained during only one generation, it is rec-
ommended to develop additional studies through
several consecutive generations especially with the
resistant genotype. Egg viability was similar to the
value (81.0%) reported by Zanuncio, T. et al. (1991),
but the number of nymphs/female was higher than
that obtained by Torres et al. (1998).

Due to the approach used, in which some charac-
teristics considered all females (including those that
did not lay eggs) and other characteristics consid-
ered only females that laid eggs, mathematical com-
parisons between reproductive characteristics of
P. nigrispinus females, fed with the IAC 17, did not
provide the results expected. For instance, the ratio
of eggs/female by the number of egg masses/female
should have resulted in 34.30 eggs/egg mass; how-
ever the value obtained was of 31.48; or the data
47.70 days, obtained for the sum of the pre-oviposi-
tion, oviposition and post-oviposition periods, was
different fromthe 27.21 days obtained for female lon-
gevity of P. nigrispinus.
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Similar number of prey killed with both soybean
genotypes (Table 1) agrees with Orr & Landis (1997),
who did not verify differences in predation of egg
and larvae of Ostrinia (Hiibner) (Lepidoptera:
Pyralidae nubilalis feeding on the resistant or sus-
ceptible soybean genotypes.

The percentage of total females that laid eggs with
the UFV 16 (100%) was higher than with the IAC 17
(57,14%) (Table 1). It demonstrates a deleterious ef-
fect of the resistant variety on females of
P. nigrispinus. Because some female laid no eggs
with the IAC 17, the standard error of the mean for
eggs/female was higher for this variety than for the
UFV 16.

Conclusions

1. The resistant soybean IAC 17 causes a delete-
rious effect on P. nigrispinus increasing its oviposi-
tion period, the mortality rate of females at the begin-
ning of their adult stage, and reducing the percent-
age of P. nigrispinus females that laid eggs.

2. The association of the resistant soybean [AC 17
and the predator P. nigrispinus can negatively af-
fect some biological parameters of this natural en-
emy, but it is necessary to study this association
under field conditions.
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