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Abstract
The stink bug complex includes some of the most important soybean pests worldwide. Among these insects, Piezodorus guil-
dinii (Westwood) (Hemiptera: Pentatomidae) is known for the severe damage it can cause and for its resistance to chemical 
management. Host plant resistance is considered as an important tool in the management of these pests. In particular, plant 
flavonoids, such as genistein and rutin, have been identified as compounds that might negatively affect the development of 
some pests; however, the effects of these compounds on some stink bug species are still unclear. We tested the resistance of 
soybean genotypes by evaluating the growth and survival of P. guildinii under laboratory conditions. In addition, the amounts 
of genistein and rutin were quantified in both infested and non-infested genotypes. The PI 274453, PI 274454, PI 227687, PI 
229358, ‘IAC 100′, and ‘IAC 19′ genotypes showed antibiosis to P. guildinii. The genistein and rutin flavonoids appear to 
play a role in the resistance of these genotypes against P. guildinii; specifically, PI 274453, PI 274454, and ‘IAC 100′ showed 
induced resistance against the insect. Other defence mechanisms or flavonoids might be involved in resistance in the L1-1-01 
and PI 171451 genotypes. These results help us better understand the role of flavonoids in plant defence mechanisms and 
might prove useful in breeding programmes aimed at developing resistant soybean plants.
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Introduction

The redbanded stink bug Piezodorus guildinii (Westwood) 
(Hemiptera: Pentatomidae) is one of the most important 
pests of soybean, Glycine max (L.) Merrill (Panizzi and 
Slansky 1985). Soybean is the main legume crop grown in 

South and North America (Zavala et al. 2015). In South 
America’s Southern Cone (spanning Uruguay and Argen-
tina), this stink bug species causes the largest economic loss 
to soybean (Zerbino 2010). In Brazil, the species has been 
identified as one of the major species in the stink bug com-
plex (Souza et al. 2015). P. guildinii has also been reported 
in the United States since the early 1900s throughout the 
states of South Carolina, Florida, Georgia, and New Mexico 
(McPherson and McPherson 2000), although it had not been 
considered as a major soybean pest (Panizzi and Slansky 
1985; McPherson et al. 1993). Nevertheless, in the last dec-
ade, P. guildinii was the dominant species of the stink bug 
complex, covering more than 50% of the stink bugs col-
lected in the southern United States (Kamminga et al. 2012, 
Temple et al. 2013).

Stink bugs cause damage to soybean by inserting their 
stylets into the seeds and injecting salivary secretions to 
facilitate ingestion, which causes seed abortion or defor-
mation, decreased germination, and, consequently, a 
decrease in yield (Todd and Turnipseed 1974). The dam-
age caused by stink bugs such as P. guildinii may also 
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be related to leaf retention, a physiological condition that 
delays the maturation of soybean plants through the main-
tenance of green leaves after pod maturation (Sosa-Gómez 
and Moscardi 1995; Corrêa-Ferreira and Azevedo 2002).

The management of stink bug populations is difficult 
due to the limited number of available insecticides and 
rapid evolution of insecticide resistance, which often 
results in an increased number of insecticide applications 
and the use of broad-spectrum products (Baur et al. 2010). 
In this context, host plant resistance, as part of an inte-
grated pest management strategy, is an appropriate tactic 
for crop protection, as it significantly reduces the problem 
of insecticide resistance (Painter 1951; Smith 2005).

The resistance of a plant to an insect is typically 
described in three ways: antibiosis, antixenosis, and tol-
erance. In the case of antibiosis, the plant is deleterious to 
the arthropod, affecting its biology, although the arthro-
pod can use the plant normally as its host. In the case of 
antixenosis, the presence of a biochemical, physical, or 
biological factor in the plant negatively affects pest behav-
iour (e.g. colonization, oviposition, and feeding). Finally, 
tolerant plants have the ability to resist or recover from an 
arthropod attack without affecting the arthropod’s behav-
iour or biology (Smith and Clement 2012).

Plants might respond to insect attacks by up-regulat-
ing defence compounds that can deter or ameliorate the 
injuries caused by arthropods (Underwood et al. 2002; 
Zavala et al. 2008, 2009). Flavonoids are chemical sub-
stances generated by soybean plants that can negatively 
affect insect attacks. The composition and concentration of 
these substances in plants depend on both environmental 
and genetic factors (Carrão-Panizzi and Kitamura 1995). 
For instance, UV-B radiation is an environmental factor 
that can induce flavonoid accumulation in the leaves of 
common bean (Phaseolus vulgaris) (Beggs and Wellman 
1994), and flavonoid accumulation has been shown to 
decrease attacks by caterpillars such as Anticarsia gem-
matalis (Hübner) and Caliothrips phaseoli (Hood) in soy-
bean (Mazza et al. 1999; Zavala et al. 2001).

One such flavonoid is genistein, and results have shown 
that this compound can have negative effects on the behav-
iour and biology of A. gemmatalis and Trichoplusia ni 
(Hübner) larvae (Hoffmann-Campo et al. 2001). Studies 
involving the green stink bug Nezara viridula (L.) have 
shown that attack by this bug induces increased levels of 
the isoflavone glycosides daidzein and genistein in soy-
bean seeds. The same study reported that this species pre-
fers to feed on seeds that display low levels of flavonoids 
(Piubelli et al. 2003a, b). Another flavonoid reported to 
be involved in antibiosis observed in soybean genotypes 
is rutin, which affected some biological parameters of T. 
ni (Hoffmann-Campo et al. 2001) and A. gemmatalis (Piu-
belli et al. 2005).

Although previous studies have reported the existence of 
soybean genotypes that express resistance to stink bugs, e.g. 
N. viridula (McPherson et al. 2007), few have focused on P. 
guildinii , (Silva et al. 2013, 2014). Even fewer studies have 
attempted to describe the mechanisms involved in soybean 
resistance to stink bugs, such as the presence and induction 
of flavonoids (McPherson and Buss 2007; McPherson et al. 
2007; Lourenção et al. 2010; Silva et al. 2014).

Considering the importance of soybean worldwide and 
the increasing occurrence of P. guildinii, this study evalu-
ated the effects of soybean genotypes on P. guildinii fitness, 
under laboratory conditions. In addition, due to the previous 
observed effects of genistein and rutin, and the necessity to 
better understand the role of these flavonoids in the resist-
ance of soybean genotypes against P. guildinii, the concen-
trations of constitutive and stink bug-induced flavonoids in 
different genotypes were estimated.

Materials and methods

Rearing of Piezodorus guildinii stock

A population of P. guildinii was maintained under controlled 
conditions (14:10 h L:D at 26 ± 2 °C and 65 ± 10% RH) as 
described in (Silva et al. 2013). To avoid a pre-preference of 
P. guildinii for certain host plants (Smith 2005), egg masses, 
nymphs, and adults were collected from various cultivated 
soybean genotypes near Botucatu, SP, Brazil (22°88′42″ S; 
48°44′42″ W), all of which differed from the genotypes used 
in this study.

The adults were maintained in plastic containers (8 L, 
22 cm diameter and 20 cm in height) covered with organdy 
(“voil”) to allow adequate ventilation. The bottom surfaces 
of the containers were lined with filter paper to absorb 
excrement and maintain sanitary conditions. Each container 
housed 25 couples, which were maintained on a natural 
diet of green pods [P. vulgaris (L.)] (5 pods/container) and 
raw peanuts [Arachis hypogaea (L.)] in portions of 50 g/
cage, which were deposited in Petri dishes. The food was 
replaced and the containers cleaned every 4 days to avoid 
fungal contamination. Cotton moistened with distilled water 
was placed in the Petri dishes to meet the hydration needs of 
the bugs and to maintain moisture levels within the contain-
ers. Discs of dry cotton were placed equidistantly along the 
bottom surface of the container to serve as oviposition sites 
and shelter for the insects. The discs were suspended along 
the top edge of the cage using hooks fashioned from num-
ber two paper clips. To ensure that the eggs were not con-
sumed by the adults (Panizzi 1991); the eggs were collected 
daily and placed in Petri dishes (8.5 cm diameter) lined with 
moistened filter paper and containing a bean pod to serve 
as a food source for the insects in the first nymphal stage. 
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When the insects reached the second nymphal stage, they 
were transferred to plastic containers prepared as described 
previously.

Antibiosis assay

The origins/pedigrees and resistance characteristics of the 
ten genotypes utilized in this study are described in Table 1. 
The pods utilized in the antibiosis tests were collected from 
infested plants. These plants were sown in pots containing 
5 L of sterilized and fertilized soil (Raij et al. 1997). Each 
pot contained two soybean plants, for a total of ten pots per 
genotype, and were maintained in a greenhouse. When the 
plants reached the R5/R6 stage (Fehr and Caviness 1977), 
they were placed under metal frame cages (40 cm in diam-
eter × 60 cm in height) lined with an organdy fabric. Two 
males and two females of P. guildinii (24 h of age) were 
released into these cages and were replaced every seven days 
to maintain the vigour of the insect infestation.

The biological performance of P. guildinii on the soybean 
genotypes was evaluated in the laboratory (T = 26 ± 2 °C, 
RH = 65 ± 10%, photoperiod = 14 h), following method-
ology previously described in literature, using uninfested 
soybean pods (undamaged plants) (Silva et al. 2013). The 
following parameters were evaluated: duration of nymphal 
stages (N2–N5), developmental period (egg-adult), mortality 
in each nymphal instar, and mortality in the nymphal stage.

Egg masses (up to 24 h old) from the reared stock were 
placed in Petri dishes (3 cm diameter) lined with moistened 
filter paper and containing a pod from one of the soybean 
genotypes of interest. After hatching, the nymphs were left 
undisturbed until they reached the second nymphal stage. 
Then, five insects (first day of the second-instar stage) were 
transferred to Petri dishes (8.5 cm in diameter and 1.5 cm 
in height) lined with filter paper and containing a piece 

of moistened cotton. These dishes contained two soybean 
pods from one of the infested genotypes plants in the R5/
R6 phase, which allowed monitoring of P. guildinii biology 
in association with different soybean genotypes. First-instar 
nymphs were not used in the bioassay due to the fragility of 
these insects and the gregarious behaviour they often display 
due to various olfactory stimuli (Lockwood and Story 1986). 
Moreover, first-instar nymphs do not feed (Panizzi 1991).

The insects were assessed daily at the same time of the 
day until the end of the nymphal stage. The dead insects 
were recorded for the calculation of mortality and viabil-
ity. After emergence, the insects were maintained under the 
same conditions to assess their longevity across plant geno-
types. For those insects that survived to adulthood, adult 
insect weight was individually determined after 24 h using 
a Mars AY 220 analytical balance (0.0001 g). Exuviae and 
dead insects were removed daily at the time of the evalu-
ations using a metal clamp with the tip wrapped in cotton 
cloth. Each Petri dish containing five insects constituted a 
replicate, with 10 replicates per genotype arranged in a com-
pletely randomized design.

Flavonoid assay

To produce soybean pods for the flavonoid bioassay, ten 
plants of each genotype were grown using the same method-
ology described previously. When the plants reached the R5/
R6 stage (Fehr and Caviness 1977), five were placed under 
metal-framed cages (40 cm in diameter × 60 cm in height) 
lined with organdy fabric. Two males and two females of P. 
guildinii (24 h of age) were released into the cages. After 
two days, 10 pods from the lower third of the plants (two 
pods per plant) were collected for the flavonoid bioassay. 
The other five plants of each genotype were not infested by 
insects (undamaged pods) and were used as controls. The 

Table 1   Soybean genotypes assessed for resistance to the stink bug complex and other arthropods

Source: (Miranda et  al. 1979; Lourenção and Miranda 1987; Valle and Lourenção 2002; Hulburt et  al. 2004; McPherson and Buss, 2007; 
McPherson et al. 2007; Hesler and Dashiell 2008; Lourenção et al. 2010; Silva et al. 2012, 2013, 2014; Souza et al. 2015)

Genotype Pedigree/Origin Resistance characteristics

PI 171451 Japan Antixenosis/antibiosis vs. P. guildinii; resistance vs. Lepidoptera
PI 229358 Tokyo, Japan Antixenosis/antibiosis vs. P. guildinii; resistance vs. Lepidoptera
PI 227687 Okinawa, Japan Antixenosis/antibiosis vs. P. guildinii; resistance vs. Lepidoptera
PI 274453 Okinawa, Japan Antixenosis/antibiosis vs. P. guildinii; resistance vs. Lepidoptera
PI 274454 Okinawa, Japan Antixenosis/antibiosis vs. P. guildinii; resistance vs. Lepidoptera
L1-1-01 BR-6 × ‘IAC 100’ Antibiosis vs. P. guildinii
‘IAC 19’ D 72-9601-1 × ‘IAC 8’ Antixenosis/antibiosis vs. P. guildinii; antibiosis/antixenosis vs. B. tabaci
‘IAC 100’ ‘IAC 12’ × IAC 78-2318 Antixenosis/antibiosis vs. P. guildinii; antixenosis vs. E. heros; resistance 

vs. Lepidoptera defoliation; resistance vs. N. viridula.
‘Coodetec 208’ OC-4 × Williams 20 –
‘Conquista’ Lo76-44842 × Numbaíra antibiosis/antixenosis vs. B. tabaci
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collected pods were employed to determine the flavonoid 
concentration in each treatment.

Flavonoid determination was conducted according to an 
adapted spectrophotometric method (Santos and Blatt 1998; 
Awad et al. 2000). The extraction protocol was adapted in 
the following way. Samples were homogenized in 70% of 
methanol, acidified with 10% of acetic acid (v/v), and con-
ducted to ultrasonic bath (Awad et al. 2000). The samples 
were centrifuged at 10000 rpm; the supernatant was isolated, 
and the precipitant was extracted in the same methanol: ace-
tic acid solution. After a new centrifugation, the supernatant 
was mixed. In aliquots of theses mixed it was added 5% of 
aluminium chloride. After 30 min, the measurement were 
performed in spectrophotometric readings, at 425 nm, and 
the results were expressed in μg of the flavonoids genistein 
and rutin g−1 of equivalent fresh mass. These flavonoids 
were chosen due to the previous studies which demonstrated 
their influences on the biology of lepidopterans and N. vir-
idula (Hoffmann-Campo et al. 2001; Piubelli et al. 2003a, 
b). It is important to note that the level of induced resistance 
expression is coordinated by both abiotic (soil, temperature, 
humidity) and biotic (including plant and insect character-
istics) factors (Smith 2005). Thus, in this study, the use of 
pods from the lower third of the plants was standardized. 
All of the plants were subjected to similar conditions, and 
healthy, viable insects were used. Therefore, the data col-
lected in this study represent the variation in constitutive 
and induced flavonoids linked to genotypic differences and 
no other environmental factors.

Statistical analysis

Antibiosis assay data were tested by analysis of variance and 
F test. The distribution of residuals was checked for normal-
ity using the Shapiro–Wilk test, and for homogeneity using 
the Levene test (both considering alpha = 0.05). Fisher’s 
LSD test (P < 0.05) was performed to compare the means of 
the genotypes. Statistical analysis was performed using the 
PROC GLM procedure in the SAS software package (SAS 
Institute 2001). The flavonoid data were also analysed with 
ANOVA (SAS Institute 2001) using a factorial arrangement 
(10 by 2), where 10 represents the number of genotypes and 
2 represents the infested and non-infested plants. Fisher’s 
LSD test (P < 0.05) was performed to compare the means 
in flavonoid concentration for the genotypes.

Results

Antibiosis assays

A mortality rate greater than 75% was observed for second-
instar nymphs reared on the ‘IAC 19’, PI 274454, PI 274453, 

PI 229358, and PI 171451 genotypes (Fig. 1). Insects reared 
on the L1-1-01 genotype showed a lower second-instar 
mortality rate (52%); third- and fourth-instar nymphs also 
showed significant mortality rates (22% and 20%, respec-
tively) when reared on this genotype. Insects reared on the 
‘IAC 100’ genotype showed a second-instar mortality rate 
of just 38% and third- and fifth-instar mortality rates of 
36% and 24%, respectively. Most of the nymphal mortality 
observed for insects reared on the ‘Conquista’ and ‘Cood-
etec 208’ genotypes occurred in the third- and fifth-instars 
(12% in each instar), with a maximum of 6% of the nymphs 
dying during the second-instar. No differences were found 
among the genotypes for the longevity of adults and adult 
mass (F = 0.63; df = 3, 17; P = 0.6991; F = 0.83; df = 3, 
17; P = 0.5593).

Adult emergence did not occur on genotypes ‘IAC 19’, 
PI 274453, PI 274454, ‘IAC 100’, PI 229358, and L1-1-01 
(Fig. 1). On PI 227687 and PI 171451, only 2 and 6% of 
the insects became adults, respectively. In contrast, more 
than 60% adult emergence occurred on ‘Coodetec 208’ and 
‘Conquista’ (F = 32.76; df = 9, 90; P < 0.0001). Nymphal 
mortality in each instar was high on most of the genotypes 
(Fig. 1), mainly during the first nymphal instar.

The genotype ‘IAC 100’ significantly prolonged the dura-
tion of the second nymphal instar to 5.7 days compared with 
PI 229358, L1-1-01, PI 171451, ‘Conquista’, and ‘Coodetec 
208’ (less than 4.9 days) (F = 5.47; df = 9, 47; P < 0.0001) 
(Table 2). In the third-instar, nymphs took more time to 
develop on PI 171451 (6.0 days) and ‘IAC 100’ (5.1 days) 
compared with ‘Conquista’, ‘Coodetec 208’, and PI 229358 
(F = 5.41; df = 6, 35; P < 0.0005), which allowed fast 
development (equal to or less than 4.2 days) of P. guildi-
nii. Regarding the fourth-instar, L1-1-01 differed (F = 5.69; 
df = 6, 22; P < 0.0011) from the majority of genotypes 
in prolonging development to 7.7 days. There was no dif-
ference in the fifth-instar, where the duration varied from 
6.0 days in PI 171451 to 7.2 days in ‘Conquista’ (F = 0.53; 
df = 3, 16; P = 0.6671). Similarly, no difference occurred 
in the total duration of the cycle (1st–5th instars), with the 
insects presenting a nymphal duration between 19.0 days on 
PI 227687 and 17.8 days on ‘Conquista’ (F = 0.10; df = 3, 
17; P = 0.9596).

Flavonoid assays

Among the control (non-infested) plants (Fig. 2), the high-
est genistein concentrations were observed (> 4.19 g/100 g) 
in the ‘IAC 19’, PI 229358, and PI 227687 genotypes 
(F = 190.50; df = 19; P < 0.0001). The lowest concentra-
tions (≤ 2.30 g/100 g) were observed in the ‘Conquista’, 
L1-1-01, and PI 171451 genotypes. Among the infested 
plants, the highest genistein concentration values in the PI 
274453, PI 274454, PI 227687, and ‘IAC 19’ genotypes, 
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range from 7.47 to 4.11 g/100 g. The lowest genistein con-
centrations (≤ 3.51 g/100 g) were recorded in the L1-1-01, 
‘Conquista’, ‘Coodetec 208’, and PI 171451 genotypes. 

When the control and infested plants were compared, most 
of the genotypes increased genistein synthesis when exposed 
to P. guildinii. However, an increase in genistein production 

Fig. 1   Percentages of mortality in 2nd to 5th nymphal instars and adult emergence of Piezodorus guildinii on ten soybean genotypes 
(T = 26 ± 2 °C, RH = 65 ± 10%, and photoperiod = 14 h)

Table 2   Mean (± SE) duration of each instar and the total development of Piezodorus guildinii on ten soybean genotypes (T = 26 ± 2  °C, 
RH = 65 ± 10%, and photoperiod = 14 h)

a Means followed by the same letter in each column do not differ by the LSD test (P > 0.05)
b Duration from first to fifth-instar
c Number of insects evaluated
d No insects reached this instar or completed the cycle
e Number of insects (2nd instar), when the experiment started, was 50 insects on each genotype

Genotype Developmental time (days)a

2nd instar 3rd instar 4th instar 5th instar Cycleb (1st –5th instar)

‘IAC 100’ 5.7 ± 0.29 (n = 24)c a 5.1 ± 0.32 (n = 2) ab 5.9 ± 0.58 (n = 2) b –d –d

PI-274453 5.0 ± 0.82 (n = 3)e ab –d –d –d –d

PI-274454 5.0 ± 0.82 (n = 1) ab –d –d –d –d

‘IAC 19’ 5.0 ± 0.82 (n = 1) ab –d –d –d –d

PI-227687 4.9 ± 0.33 (n = 11) ab 4.3 ± 0.37 (n = 3) bcd 4.0 ± 1.17 (n = 1) b 7.0 ± 0.91 (n = 1) 19.0 ± 2.89 (n = 1)
PI-229358 4.6 ± 0.36 (n = 12) b 4.2 ± 0.29 (n = 6) cd 6.0 ± 1.17 (n = 1) ab –d –d

L1-1-01 4.5 ± 0.25 (n = 24) b 4.5 ± 0.21 (n = 15) bc 7.7 ± 0.58 (n = 3) a –d –d

PI-171451 4.4 ± 0.36 (n = 9) b 6.0 ± 0.64 (n = 4) a 3.0 ± 1.17 (n = 4) b 6.0 ± 0.91 (n = 4) 18.0 ± 2.89 (n = 4)
‘Conquista’ 3.7 ± 0.25 (n = 47) b 3.7 ± 0.20 (n = 43) d 4.3 ± 0.39 (n = 38) b 7.2 ± 0.30 (n = 32) 17.8 ± 0.91 (n = 32)
‘Coodetec 208’ 3.5 ± 0.25 (n = 48) b 3.6 ± 0.20 (n = 42) d 4.3 ± 0.39 (n = 38) b 7.1 ± 0.30 (n = 32) 18.4 ± 0.96 (n = 32)
P < 0.0001 0.0005 0.0011 0.6671 0.9596
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following insect feeding was not observed in ‘IAC 19’, PI 
229358, and PI 227687 genotypes.

Similarly,  the highest  rut in concentrat ions 
(≥ 19.98 g/100 g) were observed in the ‘IAC 19’, PI 229358, 
and PI 227687 genotypes (Fig. 3), while the lowest concen-
trations (ranging from 9.94 to 9.00 g/100 g) were observed 
in the ‘Conquista’, L1-1-01, and PI 171451 genotypes 
(F = 174.53; df = 19; P < 0.0001). Among the infested 
plants, the highest rutin concentrations were detected 
in the PI 274453 and PI 274454 genotypes (37.44 and 
25.07 g/100 g, respectively), while the ‘Conquista’, L1-1-
01, and PI 171451 genotypes displayed the lowest concen-
trations of rutin (< 16.32 g/100 g). These genotypes, along 
with PI 274453, PI 274454, ‘IAC 100’, and ‘Coodetec 208’, 
showed increased rutin concentrations in the infested plants 
compared with the control plants. Similar to the case for 
genistein, the ‘IAC 19′, PI 229358, and PI 227687 geno-
types did not increase rutin synthesis following P. guildinii 
infestation.

Discussion

Although no differences in the total cycle period were 
noted (2nd instar to adult emergence), the deleterious 
effects exerted by the ‘IAC 100’, PI 171451, and L1-1-01 

genotypes on nymphal mortality and low emergence sug-
gest antibiosis resistance of these genotypes to P. guildinii. 
The genotypes also impact the nymphal development, pro-
longing the duration of instars. The results obtained when 
testing the ‘IAC 100’, PI 171451, L1-1-01, ‘IAC 19’, PI 
229358, PI 274453, PI 274454, and PI 227687 genotypes 
indicate antibiosis resistance against P. guildinii. A previous 
study conducted with P. guildinii and 17 soybean genotypes 
also observed antibiosis resistance in the above-mentioned 
genotypes, although did not evaluated the concentrations of 
genistein and rutin (Silva et al. 2013). Additionally, studies 
have shown the expression of antibiosis against the southern 
green stink bug, Nezara viridula, in the ‘IAC 100’ and PI 
227687 genotypes (Piubelli et al. 2003a, b). Based on previ-
ous findings and the present results, identifying secondary 
compounds in these genotypes is necessary to better under-
stand the mechanism of antibiosis resistance.

Plants are capable of synthesizing a myriad of chemi-
cal compounds, such as alkaloids, flavonoids, terpenoids, 
and sterols, among others (Kubo and Hanke 1986). Fla-
vonoids are widely distributed in plants (Rao et al. 1990, 
Simmonds 2001), and to play a significant role in host 
plant resistance, causing deterrence or other deleterious 
effects in insects (Dixon and Steele 1999). The presence 
of flavonoids such as rutin and genistein has been reported 
in some soybean genotypes in previous studies, and their 

Fig. 2   Mean (± SE) concentration (g × 100−1 g) of genistein in ten 
genotypes for control and infested plants with Piezodorus guildi-
nii. Means followed by the same letter do not differ by the LSD test 
(P  >  0.05); Value of P related to the interaction of the two factors 

(genotypes and control/infested condition). * = genotypes that exhibit 
different concentrations of the flavonoid when comparing the control 
and infested condition
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effects on larval development, survival, pupal weight, and 
feeding behaviour have been studied in lepidopteran pests, 
including T. ni (Hoffmann-Campo et al. 2001), A. gem-
matalis (Piubelli et al. 2005) and Spodoptera frugiperda 
(Smith) (Silva et al. 2016), as well as in the orthopteran 
Schistocerca americana (Drury) (Bernays and Raubenhe-
imer 1991).

Flavonoid effects vary according to insect species (Har-
borne and Grayer 1993; Smith 2005). The results reported 
here indicate that the importance of these flavonoids may 
extend further than lepidopteran insects, playing a signifi-
cant role against stink bugs such as P. guildinii. The identi-
fication and further characterization of these important sub-
stances in soybean-stink bug interactions might assist future 
breeding programmes aimed at improving plant defences.

The effects caused by flavonoids in defoliating insects, 
such as A. gemmatalis and Manduca sexta (Lepidoptera: 
Sphingidae), appear to be accentuated during instar changes 
(Stamp 1994; Salvador et al. 2010). In the present study, sev-
eral nymphs were not able to complete moulting, sometimes 
dying during this process. The high consumption require-
ments of these insects before moulting might expose them 
to high doses of flavonoids, which in turn increases mortality 
(Salvador et al. 2010). Previous studies have shown that in A. 
gemmatalis, certain enzymes and hormones mediate flavo-
noid effects by blocking biochemical pathways and reducing 

the assimilation of essential substances and nutrient storage 
(Gazzoni et al. 1997).

The high genistein and rutin concentrations found under 
control conditions in ‘IAC 19’, PI 229358, and PI 227687 
indicate that these flavonoids might be factors in part respon-
sible for antibiosis observed in these genotypes. In addition, 
the lack of an increase in genistein or rutin concentrations 
in these genotypes after P. guildinii infestation suggests 
that resistance was not induced. However, the significantly 
lower levels of these flavonoids observed in the PI 274453, 
PI 274454, and ‘IAC 100’ genotypes in control conditions 
indicate the induction of resistance, and the concentrations 
that accumulated in these genotypes might have caused the 
high nymphal mortality observed for P. guildinii.

In plant–insect interactions, genes involved in host 
plant resistance may be expressed either constitutively or 
as a result of an induced defence response following insect 
injury (Underwood and Rausher 2002; Underwood et al. 
2002; Kaloshian 2004; Smith and Clement 2012). Induced 
resistance can be defined as the quantitative or qualitative 
enhancement of a plant’s defence mechanism against pests in 
response to extrinsic physical or chemical stimuli (Smith and 
Clement 2012). Recent studies conducted with N. viridula 
and soybean demonstrated the presence of other compounds 
(phytohormones). Attack by insects induces seed defences, 
involving by mitogen-active protein kinases, which activates 

Fig. 3   Mean (± SE) concentration (g × 100−1 g) of rutin in ten geno-
types for control and infested plants with Piezodorus guildinii. Means 
followed by the same letter do not differ by the LSD test (P > 0.05); 
Value of P related to the interaction of the two factors (genotypes and 

control/infested condition). * = genotypes that exhibit different con-
centrations of the flavonoid when comparing the control and infested 
condition
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ethylene emission and jasmonic acid accumulation, to 
reduce stink bug preference (Giacometti et al. 2016). Here, 
the induced or constitutive resistance is characterized by the 
condition of infested and non-infested plants with P. guildi-
nii. Genotypes PI 274453, PI 274454, ‘IAC 100’, ’Coodetec 
208’, ‘Conquista’, L1-1-01, PI 171451 expressed induced 
resistance by elevating the concentration of genistein and 
rutin after the injury of P. guildinii.

The expression of resistance observed in the ‘IAC 19’, PI 
229358, and PI 227687 genotypes in the present study might 
be constitutive in relation to the synthesis of genistein and 
rutin, or to morphological factors or other secondary com-
pounds. The injury to PI 274453, PI 274454, and ‘IAC 100’ 
soybean plants by P. guildinii probably caused the observed 
increment in the synthesis of genistein and rutin in these 
genotypes. High concentrations of rutin have been reported 
in PI 274454 and ‘IAC 100’ leaves (Piubelli et al. 2005). 
Previous research has suggested the role of these flavonoids 
as compounds that might negatively affect the biology of 
A. gemmatalis and Trichoplusia ni (Hübner) (Hoffmann-
Campo et al. 2001), N. viridula, and Bemisia tabaci (Genn.) 
(Hemiptera: Aleyrodidae) (Vieira et al. 2016). Other defence 
mechanisms involving morphological and other secondary 
compounds might also be involved in resistance expres-
sion against stink bug (Smith 2005, Silva et al. 2014). The 
potential of ‘IAC 100’ as a resistant genotype is described in 
the literature (McPherson et al. 2007; McPherson and Buss 
2007). This genotype exhibits multiple resistance due to 
antibiosis and/or antixenosis expression against defoliators 
(Hoffmann-Campo et al. 1994; McPherson and Buss 2007), 
P. guildinii and N. viridula (McPherson et al. 2007, Silva 
et al. 2012, 2013), and has high levels of tolerance against 
the stink bug complex (Souza et al. 2015).

Although ‘Coodetec 208’, ‘Conquista’, L1-1-01, and PI 
171451 showed low flavonoid concentrations under control 
conditions, these genotypes increased the synthesis of fla-
vonoids when fed on by P. guildinii. The pods used for the 
bioassays in this study came from non-infested plants, which 
might explain the high percentage of adult emergence on 
the ‘Coodetec 208’ and ‘Conquista’ genotypes. It is also 
important to note that although these genotypes showed an 
increase in the synthesis of flavonoids, the genistein and 
rutin concentrations continued to be lower than those in the 
other genotypes. Recent studies conducted in field in which 
soybean genotypes were exposed to stink bug infestations 
showed that the ‘Conquista’ and ‘Coodetec 208’ genotypes 
did not exhibit resistance to the stink bug complex (Souza 
et al. 2015), which indicates that these genotypes are sus-
ceptible to the insects and that the flavonoid levels in these 
genotypes may not be sufficient to exert negative effects on 
the biology of P. guildinii.

High mortality rates were observed for nymphs reared on 
the L1-1-01 and PI 171451 genotypes; however, resistance 

expression in these genotypes appears to be related to other 
mechanisms. Previous laboratory and field studies reported 
resistance associated with the PI 171451 genotype: this 
genotype was classified as repellent (Silva et al. 2013) and 
showed low leaf retention, low seed damage, and a high 
yield, indicating antixenotic resistance (Souza et al. 2015). 
Thus, the possible resistance of this genotype might be 
related to volatile compounds or to certain morphological 
characteristics that could repel or inhibit feeding by stink 
bugs (Piubelli et al. 2003a, b: Smith 2005) and/or cause 
high nymphal mortality. Volatiles present in the PI genotype 
leaves may generate repulsive behaviour towards T. ni and 
Epilachna varivestis (Mulsant) (Liu et al. 1989). Previous 
laboratory studies classified L1-1-01 as a neutral genotype 
towards P. guildinii; however, the plants of this genotype 
present a high trichome density and increased pod hardness 
(Silva et al. 2013), suggesting that the resistance of this 
genotype may be mostly related to morphological features.

The results showed that the PI 274453, PI 274454, PI 
227687, PI 229358, ‘IAC 100’, and ‘IAC 19’ genotypes 
expressed antibiosis to P. guildinii and that the flavonoids 
rutin and genistein appear to play a relevant role in the resist-
ance of these genotypes to P. guildinii. Although the L1-1-
01 and PI 171451 genotypes also showed resistance to P. 
guildinii, other defence mechanisms appear to be involved 
in the plant–insect interaction. Future studies should be 
conducted to characterize the importance of these com-
pounds for other stink bug species and/or other hemipteran 
insects. The identification of the mechanisms of action of 
these important flavonoids in soybean-stink bug interactions 
and the analysis of the genotypes cited in this study might 
assist future breeding programmes aimed at improving plant 
defence tools.
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