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Introduction

Abstract

Field cage trials were carried out in Ponta Grossa, Parana, season
2010/2011, aiming to characterize and evaluate the injury caused by
Edessa meditabunda (F.), Chinavia impicticornis (Stal), and
Piezodorus guildinii (West.) (Hemiptera: Pentatomidae) to soybean.
Non-infested plants were compared with infested plants with 2 and
3 adults/m (number of adult specimens per linear meter) at the
R5.1-R9, R5.3—R9, R6-R9, and R7—R9 soybean growing stages. The
following variables were analyzed: foliar retention, seed germina-
tion, and injury levels estimated by the tetrazolium test. Foliar
retention index ranged from 2.3 to 4.1 in plants infested with
P. guildinii and from 2.6 to 3.3 in plants infested with
E. meditabunda and C. impicticornis, respectively. The lowest seed
germination ranged from 66.5 to 76.5% and was observed in seeds
from plants infested with 2 adults of C. impicticornis at R5.3—R9
and 3 adults of P. guildinii (R5.1-R9) and E. meditabunda (R7-R9).
The highest average percentage of injury level for seeds occurred
with seeds from plants infested at R5.1 with 2 or 3 adults/m of
P. guildinii, ranging from 22.6 to 25.0% and from 63.6 to 68.0% in
the first and second trials, respectively. Edessa meditabunda caused
the highest damage to the seeds of plants infested at R7 (34.0 and
41.4%), and 2 adults/m of C. impicticornis caused the highest
number of damaged seeds (54.0%) in plants infested at R6. Al-
though both species were less harmful than P. guildinii, they could
be a constraint factor for grain and seed commercialization.

In the last few years, the occurrence of high populations of
stink bugs in the beginning of the soybean growing season may

Although several pests attack soybean crops, seed-feeding
stink bugs (Hemiptera: Pentatomidae) are among the most
harmful to plant development and seed quality (Corréa-
Ferreira & Panizzi 1999). These insects are known to cause
direct injury through punctures in seeds and pods, as well as
indirect injury since the wounds inflicted by their feeding
activities allow the invasion of pathogens or foliar retention
associated with delayed plant maturation (Panizzi et al 1979,
Sosa-Gémez & Moscardi 1995, Depieri & Panizzi 2011).
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have been favored by the disseminated use of early sowing
cultivars and high temperatures in the central region of the state
of Parand, as observed for Nezara viridula (L.) (Yukawa et al
2007). These facts, in addition to failures in control due to
insecticide resistance, have made stink bug population manage-
ment more difficult (Sosa-Gomez & Silva 2010).

The oligophagous stink bug Piezodorus guildinii (West.)
rapidly adapted to the soybean crop and is now spread
throughout the soybean area in Brazil (Panizzi et al 2012).
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The occurrence of Edessa meditabunda (F.) in soybean is not
as frequent as that of P. guildinii, but the former feeds on
pods and can also injure the stems, causing dark lesions,
which can lead to important losses to the plants (Galileo &
Heinrichs 1979). Edessa meditabunda is also originally from
the Neotropical region. In Brazil, it is found from the state of
Pard, the Midwest region of the country to the state of Rio
Grande do Sul (Krinski & Pelissari 2012, Panizzi et al 2012).
This species has become more important in the last few
years, causing injury to lettuce, chicory, rattlepod, and, oc-
casionally, significant losses to soybean (Golin et al 20M,
Krinski et al 2012, Krinski 2013).

The genus Chinavia Orian (1965), previously considered a
subgenus of Acrosternum Fieber, currently encompasses
over 70 described species distributed in the Afrotropical,
Nearctic, and Neotropical regions (Schwertner & Grazia
2007). It is one of the most widely distributed genera of
Pentatominae, and many of its species are pests of Fabaceae,
including soybean (Schwertner & Grazia 2007). One of the
most abundant species of Chinavia found in soybean is
Chinavia impicticornis (Stal), previously referred to as
Acrosternum impicticorne (Panizzi 2002). This species has
been observed attacking a variety of plant species of agricul-
tural importance (Schwertner & Grazia 2007).

However, little is known about the injury caused by
E. meditabunda and C. impicticornis. To the best of our
knowledge, only two reports on E. meditabunda injury have
been published (Galileo & Heinrichs 1979, Silva et al 2012).
Stink bugs (Pentatomidae) differ in their potential to damage
soybean seeds (Depieri & Panizzi 2011), and the critical period
of their attack spans from the beginning pod (R3) to full pod
(R4) and beginning seed (R5.1) (Panizzi et al 1979, Corréa-
Ferreira & Panizzi 1999). Therefore, the objective of this
study was to determine the quantitative and qualitative
differences between the injury caused by the stink bugs
E. meditabunda and C. impicticornis, compared to the al-
ready known injury caused by P. guildinii, to soybean plants
infested at three different periods.

Material and Methods

Field cage trials were carried out during the season
2010/2011 at the Fazenda Escola Capdo da Onga (FESCON),
Universidade Estadual de Ponta Grossa (UEPG) (25°05'33"S,
50°03'48"W; 1,025 m a.s.l.). The field cages were made using
two iron U-shaped structures (1.2 m highx1.0 m* area) cov-
ered with tulle and installed in a no-tillage area at the
beginning of the reproductive phase (R1). The row spacing
was 0.45 m and around 15 plants/m were planted.

The trial with E. meditabunda and P. guildinii used the
soybean cultivar NK 3363 (Syngenta do Brazil, SP) sown on
November 12, 2010, while the harvest was on April 8, 201

(cycle of 147 days). For the trial with C. impicticornis and
P. guildinii, the same soybean cultivar was sown on Decem-
ber 16, 2010 and harvested on May 12, 2011 (cycle of
150 days). Phenological soybean stages were characterized
according to Yorinori (1996) after Ritchie et al (1982). All the
stink bug species were kept in the laboratory until infesta-
tion. Dead insects were daily replaced, and the eggs laid were
removed every day.

A completely randomized design was used in both trials.
In the first trial, a 2x3x3x4 factorial arrangement was used:
two stink bug species (E. meditabunda and P. guildinii)xthree
population levels (non-infested and infested plants with 2 or
3 adults/m-number of adult specimens per linear meter)x
three periods of infestation (60 days, from R5.1 to Rg stages;
30 days, from R6 to R9 stages; 21 days, from R7 to R9
stages)xfour repetitions, totaling 72 trial plots. In the second
trial, the same factorial arrangement was used with two stink
bug species (C. impicticornis and P. guildinii) and different
periods of infestation (61 days, from R5.1 to R9 stages;
51 days, from R5.3 to R9 stages; 39 days, from R6 to R9
stages). The following parameters were evaluated: foliar
retention (Sosa-Gémez & Moscardi 1995) and seed germina-
tion and damage. Seed damage was estimated by the tetra-
zolium test and classified from 1 to 8 (total number of
damaged seeds, TZ 1-8) (Fran¢a Neto et al 1998). Germina-
tion tests were performed using 50 seeds in each replication.
The seeds were wrapped in wet paper towels and kept at
25°C for 5 days. Each treatment was replicated four times.
The number of normal seedlings was recorded to calculate
the germination percentage. The seeds (n=50) from
each plot were distributed on wet paper towels (with
a mass of water of 2.5-fold the mass of paper) and
kept at 25°C in germination chambers under continu-
ous light. Normal seedlings were counted after 5 days.
Evaluations were replicated four times.

The data obtained was tested for normality (Shapiro &
Wilk 1965), independence of errors (Parente 1984), additivity
(Tukey 1949), and homogeneity of variance (Burr & Foster
1972) before ANOVA. ANOVA was followed by the Tukey's
multiple comparison test (p<0.05). All analyses were carried
using the Statistical Analysis System (SAS Institute 2009).

Results and Discussion
Foliar retention

Foliar retention in plants infested with 2 adults/m (number of
adult specimens per linear meter) of P. guildinii ranged from
2.3 to 4.1 and represented up to 41 to 60% of green stems
and were injuries caused during the longest period of infes-
tation (61 days, from R5.1 to R9 stages). Foliar retention in
plants infested with E. meditabunda and C. impicticornis
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ranged from 2.6 to 3.3, indicating that they seem to have
lower potential to cause foliar retention than P. guildinii.
Studies performed with Euschistus heros (F.), N. viridula
(L.), and P. guildinii indicated that the latter caused the
highest foliar retention, followed by N. viridula and E. heros
(Sosa-Gomez & Moscardi 1995). Apparently, E. meditabunda
and C. impicticornis caused foliar retention similar to the 1.9
to 3.1 observed for N. viridula (Sosa-Gémez & Moscardi 1995)
using the same visual score of the present work.

Germination

Seeds produced by plants infested with stink bugs during
R5.1 stage exhibited lower germination when plants were
infested with 2 and 3 adults/m of P. guildinii (89.0 and 81.5%)
and with 2 adults/m of E. meditabunda (85.3%), as compared
to seeds from plants with no infestation (96.5%) (Table 1).
When plants were exposed to 2 or 3 adults/m of
E. meditabunda at the R6 stage, germination was reduced
(84.7 and 88.0%) if compared to those with no infestation
(99.0%) (Table 1). During this growth stage, P. guildinii did
not cause soybean seed quality losses, and no differences in
germination were observed when compared to that ob-
served for seeds from non-infested plants.

Injuries caused by E. meditabunda at a density of 3 adults/
m during the shortest period of infestation (21 days at the R7-
R9 stages) reduced seed germination (68.7%) when com-
pared to the other treatments (Table 1). The apparent higher
injury level caused by E. meditabunda could be due to
uncontrolled variables in the field assay sown on November
12. During this growth stage, 2 or 3 adults/m of P. guildinii
(83.0 and 88.5%) caused significant reduction in seed

germination when compared to the treatment without in-
festation (94.0%) (Table 1).

The germination of soybean seeds was affected by the
infestations at the R7 stage, although the period of plant
exposure to stink bugs was only 21 days. However, in the
study carried out by Panizzi et al (1979), infestations per-
formed at the R7 stage (28 days) with 2 adults of P. guildinii
per plant caused little effect on the germination (88.0%) of
soybean seeds. In a field cage trial conducted by Musser et al
(2011), soybean plants were infested with N. viridula during
the R7 stage, and a significant reduction in seed quality was
observed with populations ranging from 9 to 15 adults/m.

Infestations at the R5.1 stage with 2 or 3 adults/m of
C. impicticornis and P. guildinii caused significant reduction
in germination of soybean seeds compared to the control
(98.0 and 96.5%). Piezodorus guildinii was also responsible
for the highest reduction in germination (78.0 and 66.5%),
followed by C. impicticornis (89.0 and 80.0%) (Table 2).
Infestations at the R5.3 stage with 2 or 3 adults/m of
C. impicticornis caused significant reduction in seed germina-
tion (76.5 and 87.5%), as well as with P. guildinii (82.5 and
75.0%) if compared to the treatment without infestation
(97.5 and 95.0%) (Table 2).

Significant reduction in seed germination was also ob-
served with infestations at the R6 stage with 2 or 3 adults/
m of P. guildinii (77.0 and 87.5%) and C. impicticornis (80.7
and 89.3%) (Table 2).

Seed damage

The tetrazolium test showed that infestations with 2 or 3
adults/m of P. guildinii during the R5.1 stage caused

Table 1 Average percentage (+SE) of soybean cv. NK 3363 seed germination in non-infested and infested plants with 2 or 3 adults/m of Edessa

meditabunda and Piezodorus guildinii in different periods of infestation.

Period of Piezodorus Edessa Piezodorus Edessa Piezodorus Edessa
infestation guildinii meditabunda guildinii meditabunda guildinii meditabunda
Non-infested Non-infested 2 2 3 3
(adults/m) (adults/m) (adults/m) (adults/m) (adults/m) (adults/m)
R5.1-R9 96.5%1.7 96.5%1.5 89.0%3.0 85.3+2.9 81.5+4.4 97.011.0
(60 days) AP A° 3¢ AAS 4 AABa ABa BBb AAa
R6—R9 94.0%3.5 99.0+1.0 87.0%3.7 84.7+1.8 91.5+1.5 88.0+0.8
(30 days) AAa AAa AAa ABa AAa ABa
R7-R9 94.0+3.2 95.5+2.2 83.0+1.4 88.7+1.8 88.5+1.3 68.7+4.7
(21 days) AAa AAa ABa AAa A AB ab BBb

@ Means followed by the same upper case letters in the same line do not differ significantly by the Tukey test (p>0.05).

b Upper case letters in the same line compared to stink bug species in each period of infestation and in each population level.

“Italicized upper case letters in the same line compared to P. guildinii in each period of infestation.

9 Lower case letters in the same column compared to population levelxP. guildinii in the periods of infestation.

€ Bold upper case letters in the same line compared to E. meditabunda in each period of infestation.

fitalicized lower case letters in the same column compared to population levelxE. meditabunda in the periods of infestation.
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Table 2 Average percentage (£SE) of soybean cv. NK 3363 seed germination in non-infested and infested plants with 2 or 3 adults/m of Chinavia
impicticornis and Piezodorus guildinii in different periods of infestation.

Period of Piezodorus Chinavia Piezodorus Chinavia Piezodorus Chinavia
infestation guildinii impicticornis guildinii impicticornis guildinii impicticornis
Non-infested Non-infested 2 2 3 3
(adults/m) (adults/m) (adults/m) (adults/m) (adults/m) (adults/m)
R5.1-R9 98.0+0.8 96.5+1.7 78.0%4.2 89.0+4.8 66.5+3.8 80.0%3.6
(61 days) AP A° ¢ AASdf ABa A ABa ABb ABa
R5.3-R9 97.5+1.0 95.0+1.3 82.5+3.4 76.5£6.0 75.0%5.3 87.5+4.1
(51 days) AAa AAa ABa ABb A Bab AABa
R6-R9 97.5%1.0 97.5£0.9 77.0+8.4 80.7t8.7 87.5%3.7 89.3+2.9
(39 days) AAa AAa ABa ABab AABa AABa

@ Means followed by the same upper case letters in the same line do not differ significantly by the Tukey test (p>0.05).

B Upper case letters in the same line compared to stink bug species in each period of infestation and in each population level.

“Italicized upper case letters in the same line compared to P. guildinii in each period of infestation.

4 Lower case letters in the same column compared to population levelxP. guildinii in the periods of infestation.

€ Bold upper case letters in the same line compared to C. impicticornis in each period of infestation.

fitalicized lower case letters in the same column compared to population levelxC. impicticornis in the periods of infestation.

expressive seed injury (22.6 and 25.0%, TZ 1-8), significantly
different from E. meditabunda and the treatment without
infestation (Table 3).

Infestations at the R6 stage with 3 adults/m of
E. meditabunda caused significant seed injury (23.0%, TZ 1—
8) compared to the treatment with no infestation and
P. guildinii (7.4%) (Table 3). Edessa meditabunda also caused

the highest number of damaged seeds when infesting the R7
stage (Table 3).

At R7 stage, P. guildinii and E. meditabunda caused similar
losses of seeds (TZ 1-8). In both cases, seed losses were much
higher than those observed in non-infested plants (Table 3).
These results disagree with those reported by Panizzi et al
(1979), who indicated that 2 adults/m of P. guildinii at the R7

Table 3 Average (+SE) number of soybean cv. NK 3363 seeds damaged by stink bugs, estimated by tetrazolium test, in non-infested and infested
plants with 2 or 3 adults/m of Edessa meditabunda and Piezodorus guildinii in different periods of infestation.

Period of Piezodorus Edessa Piezodorus Edessa Piezodorus Edessa
infestation guildinii meditabunda guildinii meditabunda guildinii meditabunda
Non-infested Non-infested 2 2 3 3
(adults/m) (adults/m) (adults/m) (adults/m) (adults/m) (adults/m)
R5.1-R9 0.010.0 0.0%0.0 1.3%3.9 3.3+1.3 12.5+2.3 3.8+2.5
(60 days) (0.0%) (0.0%) (22.6%) (6.6%) (25.0%) (7.6%)
AP A ¢ AA%of BBa AAa BBb AAa
R6-R9 0.8+0.8 0.0%+0.0 5.7+1.8 4.7+0.7 3.7t0.7 1.5+3.0
(30 days) (1.6%) (0.0%) (11.4%) (9.4%) (7.4%) (23.0%)
AAa AAa AAa AABa AAa BBb
R7-R9 0.010.0 0.010.0 6.711.9 17.03.2 1.5+2.0 20.7%3.7
(21 days) (0.0%) (0.0%) (13.4%) (34.0%) (23.0%) (41.4%)
AAa AAa AABa BBb ABb BBc

Damaged seeds classified from 1 to 8 (Franga Neto et al 1998).

@ Means followed by the same upper case letters in the same line do not differ significantly by the Tukey test (p>0.05).

b Upper case letters in the same line compared to stink bug species in each period of infestation and in each population level.
“Italicized upper case letters in the same line compared to P. guildinii in each period of infestation.

9 Lower case letters in the same column compared to population levelxP. guildinii in the periods of infestation.

€ Bold upper case letters in the same line compared to E. meditabunda in each period of infestation.

fitalicized lower case letters in the same column compared to population levelxE. meditabunda in the periods of infestation.

@ Springer



280

Husch et al

stage cause seed losses (4.0%) similar to that observed in
non-infested plants (4.0%).

The tetrazolium test in the second trial indicated that
P. guildinii was the most harmful stink bug species at both
infestations levels (2 or 3 adults/m) at the R5.1 stage (Table 4),
but injury caused to the seeds (TZ 1-8) due to infestations
with 2 or 3 adults/m of P. guildinii and C. impicticornis at the
R5.3 stage were similar (Table 4).

In the period of infestation from R6 to R9, P. guildinii injured
a higher number of seeds (76.6%, TZ 1-8) than C. impicticornis
when infesting plants at 2 adults/m (Table 4). In the present
study, P. guildinii, E. meditabunda, and C. impicticornis affected
germination. Nevertheless, the injury caused by infestations
with 3 adults/m of P. guildinii was higher (66.5% of germina-
tion) at the R5—R9 growing stage. Panizzi et al (1979) reported
that 2 adults/m of P. guildinii infesting soybean plants at the
R1-R8 stage also reduced germination (38.0%). The highest
losses in germination were registered for the longest periods
of infestation (60 and 61 days) from stages R5.1to R9. The R5
stage is considered one of the most susceptible to stink bug
attack (Galileo & Heinrichs 1979, Panizzi et al 1979, Corréa-
Ferreira & Panizzi 1999).

Stink bug infestations at the R7 stage have only been
carried out in Brazil by Panizzi et al (1979), and they did not
observe significant differences in germination. We observed
that the R7 stage can be considered a critical period for stink
bug infestation. At this stage, the loss of seed germination

caused by infestations with 3 adults/m of E. meditabunda
was higher than that caused by 3 adults/m of P. guildinii,
whereas the losses caused by 2 adults/m of P. guildinii was
significantly greater than that of E. meditabunda.

The differences observed in the injury caused by
E. meditabunda and P. guildinii might be related to the
strength of the enzyme in their saliva, length of stylets, and
feeding preference. Once E. meditabunda prefers soybean
stems to pods (Galileo & Heinrichs 1979), this stink bug
species needs to feed longer in order to get enough nutrients
for its development (Silva et al 2012). Further, the stylet of
E. meditabunda is shorter than that of P. guildinii (Panizzi &
Machado-Neto 1992); thus, the former species causes more
superficial injury to the seeds, whereas the latter is more
harmful to the seeds. Nevertheless, more studies are neces-
sary to better understand these differences.

Piezodorus guildinii and C. impicticornis exhibited higher
potential to cause foliar retention. Significant losses of soy-
bean seed quality (germination, TZ 1—8) were caused by
C. impicticornis at the R6 stage, E. meditabunda in the
shortest period of infestation from R7 to R9 (20 days), and
P. guildinii in the initial period of infestation from R5.1 to R9.

The variability of injury observed in different sowing pe-
riods does not permit to conclude which species,
E. meditabunda or C. impicticornis, was the most harmful.
The damage caused by P. guildinii was higher in the second
sowing period, probably because the cultivar was sown at

Table 4 Average (+SE) number of soybean cv. NK 3363 seeds damaged by stink bugs, estimated by tetrazolium test, in non-infested and infested
plants with 2 or 3 adults/m of Chinavia impicticornis and Piezodorus guildinii in different periods of infestation.

Period of Piezodorus Chinavia Piezodorus Chinavia Piezodorus Chinavia
infestation guildinii impicticornis guildinii impicticornis guildinii impicticornis
Non-infested Non-infested 2 2 3 3
(adults/m) (adults/m) (adults/m) (adults/m) (adults/m) (adults/m)
R5.1-R9 0.0t0.0 0.010.0 31.815.4 15.84+2.8 34.0t4.2 19.5+4.6
(61 days) (0.0%) (0.0%) (63.6%) (31.6%) (68.0%) (39.0%)
AP A° ¢ AA®qf BBa ABa BBb ABa
R5.3-R9 0.010.0 0.010.0 27.312.7 19.3+3.9 29.06.1 21.5+4.6
(51 days) (0.0%) (0.0%) (54.6%) (38.6%) (58.0%) (43.0%)
AAa AAa ABa ABa ABb ABa
R6-R9 0.010.0 0.010.0 38.312.6 27.016.6 9.312.4 12.0%3.5
(39 days) (0.0%) (0.0%) (76.6%) (54.0%) (18.6%) (24.0%)
AAa AAa BBa ABa AAa AAa
CV (%) 45.98

Damaged seeds classified from 1 to 8 (Franga Neto et al 1998).

@ Means followed by the same upper case letters in the same line do not differ significantly by the Tukey test (p>0.05).

b Upper case letters in the same line compared to stink bug species in each period of infestation and in each population level.

“Italicized upper case letters in the same line compared to P. guildinii in each period of infestation.

9 Lower case letters in the same column compared to population levelxP. guildinii in the periods of infestation.

€ Bold upper case letters in the same line compared to C. impicticornis in each period of infestation.

fitalicized lower case letters in the same column compared to population levelxC. impicticornis in the periods of infestation.
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the end of the recommended period. It is advisable to carry
out further studies under controlled conditions to determine
differences in the injuries caused by E. meditabunda and
C. impicticornis.
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