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Greenhouse and laboratory studies were conducted to evaluate feeding

activity and superficial damage to soybean seed by the brown-winged

stink bug, E d e s s a m e d ita b u n d a (F.), and the Neotropical brown stink

bug, E u s c h is tu s h e ro s (F.). Soybean plants (cv. BRS 282), at R6 stage of

development were used. Thirty pairs of each species were used individ-

ually for 48 h. Two daily observations (9:00 AM and 3:00 PM) were

taken to record the number of bugs (feeding/resting) on plant parts.

Harvested seeds imbibed in tetrazolium solution were photographed for

measurement of the damaged surface. Adult E . m e d ita b u n d a signifi-

cantly preferred soybean stems (19.7 bugs) to pods (2.7). Feeding/

resting was similar at 9:00 AM (mean number of 28.0 bugs) and

3:00 PM (24.3). E u s c h is tu s h e ro s equally fed/stayed on stems (7.3 bugs)

and pods (6.9), although most bugs (12.3) remained on the cage net;

feeding/resting on all plant structures amounted to 13.7 bugs at

9:00 AM and 17.7 bugs at 3:00 PM. Amylase activity was greater for

E . h e ro s (41.61±0.89 U/mg) and almost none for E . m e d ita b u n d a (2.35±

0.14 U/mg). The superficial damage to seeds was significantly greater for

E . m e d ita b u n d a (22. 9 mm
2
) compared to E . h e ro s (12.5 mm

2
) . However,

E . m e d ita b u n d a caused less shrinkage of the seed tegument, while E .

h e ro s damage was deeper and seeds showed reduction in size.
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Feeding behavior and damage descriptions caused by

different species of pentatomids to soybean, G ly c in e

max, have been extensively reported (e.g., Daugherty

et 0 /1 9 6 4 , Todd & Turnipseed 1974, Panizzi et 0 1 1 9 7 9 ,

McPherson et 0 1 1993, Correa-Ferreira & Azevedo

2002, Nunes & Correa-Ferreira 2002, Panizzi 2004,

Depieri & Panizzi 2011). However, only few studies have

been dedicated to the damage caused (Costa & Link

1977, Galileo & Heinrichs 1979) and the feeding behavior

(Panizzi & Machado-Neto 1992) of the brown-winged stink

bug, E d e s s a m e d ita b u n d a (F.). This species is the second

most abundant pentatomid species on soybean in the

Brazilian state of Rio Grande do Sui (Galileo et 0 1 1 9 7 7 )

and has often been observed in the central-west region

of the country (ARP, personal observation). In the

neighboring country of Argentina, it is considered an

important pest of this crop (Rizzo 1971).

The Neotropical brown stink bug, E u s c h is tu s h e ro s (F.),

is a major component of the pentatomid-pest complex on

soybean in Brazil. Once uncommon (Panizzi et al 1 9 7 7 ) ,

nowadays this stink bug is the most common species on

this crop, even in areas where its occurrence was rare, such

as in the state of Rio Grande do Sui (Pereira & Salvadori

2008). Recently, E . h e ro s was recorded on soybean in the

Entre Rios Province, Argentina (Saluso et 0 1 2 0 1 1 ) .

The high level of damage to seeds caused by pentato-

mids is related to their feeding behavior, morphology of

mouth parts, and salivary enzymes (Depieri & Panizzi 2010,
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2011).In this study, we compared the feeding/resting pref-

erence and behavior, and superficial damage to soybean

seeds by the less studied E . m e d ita b u n d a with that of the

more common E . h e ro s .

During March-May 2010, adults of E . h e ro s and E . m e d i-

ta b u n d a were collected at the Embrapa (Empresa Brasileira

de PesquisaAgropecuaria) Farm in Londrina Co., northern

part of the state of Parana, from soybean (G ly c in e m a x )

fields. They were taken to the laboratory, placed in clear

plastic boxes (2sx20x20 cm), and provided with pods of

green beans, P h a s e o lu s v u lg a r is , raw shelled peanuts,

A ra c h is h y p o g a e a , and fruits (berries) of privet, L ig u s tru m

lu c id u m (Oleaceae). Boxes were kept in an environmental

chamber maintained at 2S±1°Cand 6S±S% RH and with a

photoperiod of 16:08 (L:D).

To compare the feeding/resting preference of stink bug

adults for different plant parts, 10 pots with soybean plants

(cv. BRS282) at the R6 (pod-filling) stage of development

were used. In the greenhouse (29±2°C), pods (one pod

with three seeds per cage) and stems were isolated within

a small plastic cage (6.0 cm diameter). Thirty pairs of each

species of stink bug, randomly selected from the estab-

lished laboratory colony, were placed individually in each

cage.Two daily observations (9:00 AM and 3:00 PM) were

taken, and the number of bugs either feeding or resting on

the different plant parts was recorded during 48 h. Based

on our preliminary experiments, this time interval was

consider the most adequate to observe for damage in-

duced by stinkbug feeding. Because we did not record

whether the bugs were or not with their stylets inserted

in the plant parts, we consider that they were either

feeding or just resting on the plant structures in which

they were observed at. Also, the position of the bugs

feeding/resting on the stems was recorded. Then, insects

were removed; plants were individually covered with a

v o ile cage, and kept in the greenhouse (29±2°C) up to

maturation (R8 stage). Seeds were hand harvested and

taken to the laboratory for visual analysis of damage.

Saliva of field-collected adults of E . m e d ita b u n d a and of E .

h e ro s (n = 8 0 bugs for each species) fasted for 24 h in the

laboratory was obtained by dissection of the salivary

glands. Glands were dissected in cooled 0.3% sodium chlo-

ride (NaCI) saline solution at 5 to 12°C,washed two times,

externally dried using absorbent paper, placed in 1.S ml

vials, and kept on ice before storage in an ultra freezer

(-80°C). To collect the saliva for evaluation of the amylase

activity, glands were grounded with a pestle, centrifuged

(2 0 ,o O o x g ) for 10 min at 4·C, and the supernatant recov-

ered. The supernatant from E . m e d ita b u n d a (Soo f..ll)was

diluted 1 0 X with deionized water, and the one from E .

h e ro s (200 f..ll)diluted 3 0 x to increase the sample volumes.

Amylase activity was determined with the soluble starch

substrate diluted in a sodium diphosphate buffer (1% w/v;

pH 7.0) (Noelting & Bernfeld 1948). The substrate digestion

was done with diluted supernatants incubated at 30±1°C in

assay tubes. The enzymatic reaction was stopped at 60,

120, 180, and 240 min after heat exposure (9S·C for 3 min);

3.s-dinitrosalicylic acid (DNS) was added, and the samples

were boiled for S min. The DNSwas used to determine the

resulting reducing sugars at SSOnm in a light spectropho-

tometer at each interrupted reaction time. Regression

analyses of the absorbance values were used to calculate

the amylase activity. Each treatment was replicated three

times. Results of the amylase activity are expressed in U/

mg of protein, and one unit (U) is the amount of enzyme

that hydrolyzes one f..lmolof substrate bonds per minute

(International Union of Biochemistry 1961).Protein content

of the salivary gland extract was determined by using a

commercial solution based on the Bradford assay, the

Coomassie Protein Assay (Pierce Co.), using albumin as a

protein standard.

In the laboratory, 30 mature seeds that were exposed to

each species of stink bug tested plus the control (seeds

from uninfested plants) were randomly selected and kept

in a germination chamber (2S±1°C) for 24 h. This time
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Fig 1 Mean number (± SEM) of adult stink bugs on soybean plant

(pods or stems, feeding/resting) caged in the greenhouse. Means

followed by the same letter (within each species) do not differ

significantly using the Tukey test (P > O .0 1 ) .
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Fig 2 Mean number (± SEM) of adult stink bugs on soybean plant

(pods or stems, feeding/resting) caged in the greenhouse. Means

followed by the same letter (within each species) do not differ

significantly using the Tukey test (P > O .0 1 ) .

allowed the bioactivity of the salivaryenzymes injected by

the bugs to produce the damage. Tetrazolium (2,3,5-

triphenyl tetrazolium chloride) was added to the entire

seed to obtain color contrast of the seed damaged

area (Fran(,:a-Netoet 0 1 1998). Each seed was photo-

graphed using the standard 20X20 mm square of the
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Photop software (IAPAR, Londrina, PR, Brazil) for mea-

surement of the superficial damaged area

Dataon the feeding/resting and on the damagedseedarea

were submitted to ANOVA(SASInstitute Inc. 1998).When

appropriate, data were transformed to arc sin VX/100 for

analysis and means were compared using the Tukey

test (P ~ O .0 1 ) .

In both observation periods (9:00 AM and 3:00 PM), E .

m e d ito b u n d o significantly (P ~ O .0 1 ) preferred to feed/stay

on soybean stems (mean=19.7 bugs) than on pods (2.7;

Fig 1). E u s c h is tu s h e ro s equally fed/stayed on stems (7.3

bugs) and pods (6.9), although most insects (12.3 bugs)

were recorded on the cage net.
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Fig 3 Amylase activity in salivary glands extracts of E d e s s a m e d ita b u n d a (a), and of E u s c h is tu s h e ro s (b) measured in absorbance vs. time, and in

U/mg (e); n=3. Means followed by the same letter do not differ significantly using the Tukey test (P > O .0 1 ) .



Table 1 Mean (± SEM) area (mm2
) and percentage of superficial

damage to soybean seeds attacked by adult E d e s s a m e d ita b u n d a

and E u s c h is tu s h e ro s during 48 h, in cages in the greenhouse.

Stink bug

species

Cotyledon

area (mm2
)n S

Superficial

damage area

(mm2 ) a

Percentage

of damageb

E d e s s a m e d ita b u n d a

(n = 1 1 )

E u s c h is tu s h e ro s

(n = 6 2 )

ns nonsignificant.

a Means in each column followed by the same letter do not differ

significantly using the Tukey test (P > O .0 1 ) .

b Percentage data were transformed by arc sin "x/loa for analysis.

The number of bugs on the different plant structures

(pods or stems, feeding or not) at 9:00 AM was significant-

ly greater for E . m e d ita b u n d a (mean number of 28.0 bugs)

as compared with E . h e ro s (13.7 bugs). At 3:00 PM, a

similar trend was observed with 24.3 E . m e d ita b u n d a vs.

1 7 .7 E . h e ro s recorded on plant structures (Fig 2). No differ-

ences were found in the number of bugs observed on pods

or stems within the same bug species between the two

observation periods.

The greater number of E . m e d ita b u n d a on plant struc-

tures as compared to E . h e ro s is probably related to the

different feeding habits of these bugs; the former is known

to prefer soybean stems (Galileo & Heinrichs 1979) and

vegetative tissue of potato plants (Rizzo 1971),while the

later feeds mostly on pods (Villas Boas & Panizzi 1980).

Becausestems provide much less nutrients than pods con-

taining seeds, E . m e d ita b u n d a needs to feed longer on

stems to obtain its needed nutrients, and therefore, stay

longer on the plants. E u s c h is tu s h e ro s , by preferring pods,

need less time to stay on the plant, which explains the

greater number of bugs recorded on the cage net. In

addition, this behavior of moving to the net of the cage

could be attributed to a more restless behavior of the last

species.

Fig 4 Mature soybean seeds

(R8) attacked by adult E d e s s a

m e d ita b u n d a and E u s c h is tu s

h e ro s , at R6 stage, and not

attacked (control). Soybean

cotyledons treated with

tetrazolium showing damage

by E d e s s a m e d ita b u n d a with a

dark pink stain widespread (a);

damage by E u s c h is tu s h e ro s

with deep tissue necrosis (b);

and seed without damage (e).

Amylase activity in the salivary glands extract was relatively

low compared to what has been reported in the literature

(Hori 1972), indicating low concentration of this enzyme in

the salivary glands. Regression analyses of the absorbance

values vs. time used to calculate the amylase activity was

positively correlated for E . h e ro s (Fig 3b), but no correlation

was found for E . m e d ita b u n d a (Fig 3a). Amylase activity

from salivary glands of E . h e ro s was 20 times higher than

that obtained from salivary extracts of E . m e d ita b u n d a

(Fig 3c).

Amylase activity has been reported for over 70 species

of heteropterans, mostly mirids and pentatomids (Hori

2 0 0 0 ) . Although some reports in the literature are doubt-

ful due to questionable methods used (Taylor & Miles

1994) or contamination of whole glands by hemolymph

enzymes or microbes during enzyme extraction (PW Miles

communication to K. Hori in Hori 2 0 0 0 ) , amylase is an

important enzyme in the salivary glands of most phytoph-

agous heteropterans.

The high amylase activity detected from salivary gland

extracts of E . h e ro s as compared to the almost undetected

amylase activity in E . m e d ita b u n d a , may be explained by

their feeding preferences. E u s c h is tu s h e ro s feeds mostly on

starch-rich substrates as the reproductive structures

(seeds), while E . m e d ita b u n d a prefers to feed on a

starch-poor substrate as the vegetative tissues (stems).

However, further research is needed to fully confirm this

hypothesis.

The superficial damage (area) to seeds was significantly

(P ~ 0 .0 1 ) greater for E . m e d ita b u n d a (22.89 mm2
) if com-

pared to E . h e ro s (12.47mm2
) , reaching approximately 30%

of the total area of the cotyledon, as opposed to ca. 18%

for E . h e ro s (Table 1). Smaller superficial damage was

©



observed when E . h e ro s adults fed directly on soybean

seeds (Depieri & Panizzi2011).

The visual aspect of the seeds damaged by the two

different species of stink bugs showed different traits. In

the case of seeds damaged by E . m e d ita b u n d a , the symp-

tons (spotty discolored areas) were more spread out on

the seed surface if compared to the damage caused by E .

h e ro s . (Fig 4a, b). Furthermore, mature seeds attacked by

E . m e d ita b u n d a showed less shrinkage of the tegument

when compared to those attacked by E . h e ro s ; in this last

case, damage was apparently deeper (Fig 4b) and seeds

showed reduced size. Undamaged seeds showed no discol-

oration (Fig 4c). Nunes & Correa-Ferreira (2002) observed

reduction in seed quality and in germination potential of

soybean seeds attacked by E . h e ro s in the greenhouse.

Differences in seed damage caused by the two different

stink bug species might be related to the shorter length of

E . m e d ita b u n d a stylets (rostrum length of 3.14-3.34 mm)

as compared to those of E . h e ro s (5.41-5.63) (Panizzi &

Machado-Neto 1992), which might not penetrate deeper in

the seed leading to a more superficial damage to the seed,

and/or to the presence of distinct salivary enzymes causing

different lyses of the seed tissue. Clearly, more research is

needed to fully clarify this point.

In conclusion, results of these studies demonstrated

that although the Neotropical brown stink bug, E . h e ro s ,

feeds/stay shorter on the soybean plant than the brown-

winged stink bug, E . m e d ita b u n d a , it induced more severe

damage to the cotyledons of soybean, mostly likely due to

the higher amylase activity detected in its salivary gland

extracts.
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