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Performance of nymphs and adults of Piezodorus guildinii (Westwood)
feeding on different cultivated legumes was studied under controlled lab-
oratory conditions (25±1°C, 80±10% RH, 14 h of photophase) on soybean
immature pod (SIP; R5.5–R6), birdsfoot trefoil immature pod (BTIP), alfalfa
immature pod (AIP), and red clover flower with immature seeds (RCF).
Food had significant effects on the life history of P. guildinii. The major
differences in nymph survivorship were observed at second and third
instars, with similar survivorship on SIP and AIP as hosts and higher than
that recorded on BTIP and RCF. Total nymph mortality was much greater
on BTIP (87.6%) than on SIP (32.6%) and AIP (54.2%); all nymphs died on
RCF. Food did not affect nymph development time (about 20 days). Adult
longevity was highest and lowest on AIP and RCF (62 and 32 days), respec-
tively. Percentage of ovipositing females was highest (≈80%) on SIP and
AIP, and intermediate on BTIP (52.2%); no females reproduced on RCF.
Fecundity on SIP and AIP was similar (≈9 egg masses/female; and
≈141 eggs/female) and twice as higher than on BTIP (4.1 egg masses/fe-
male; and 60.2 eggs/female). Egg fertility (58%) did not vary with food
sources. Adults fed on SIP and AIP gained weight during 43 days, remained
unaltered on BTIP, and decreased on RCF. Data obtained indicated that SIP
and AIP are suitable food sources, and emphasize the importance of alfalfa
as a host plant of P. guildinii in Uruguay.

Introduction

Piezodorus guildinii (Westwood) is a Neotropical stink bug
species ranging from Argentina to southern USA (Panizzi &
Slansky 1985). It is an important pest of soybean in the
Southern Cone of South America and the most abundant
stink bug in Uruguay and Argentina, being more common
than the cosmopolitan southern green stink bug, Nezara
viridula (L.). It is the less polyphagous stink bug, having a
particular preference for legumes, feeding on a wide range
of cultivated and non-cultivated host plants (Panizzi &
Slansky 1985). The list of plants that P. guildinii feeds
includes other economically important crops as common

bean Phaseolus vulgaris, pea Pisum sativum, lentil Lens
culinaris, and forage legumes such as alfalfaMedicago sativa
and birdsfoot trefoil Lotus corniculatus, besides soybean
Glycine max (Panizzi & Slansky 1985, Panizzi 1997, Panizzi et al
2000, Ribeiro et al 2009, Zerbino et al 2014).

Piezodorus guildinii explores different host plants within
and between generations because nymphs and adults feed
on the temporally restricted fruiting structures of plants
(Kiritani et al 1965, Jones & Sullivan 1982, Panizzi &
Meneguim 1989, Panizzi 1997, Panizzi & Parra 2009,
Zerbino et al 2014). In general, P. guildinii spends only a
third of the year feeding on its favorite plant soybean, but
when this host plant is not available, the insect is forced
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to colonize other plants, which can be used as a source of
food or shelter, allowing P. guildinii to maintain populations
over time (Panizzi 1997, 2000). Due to the geographical dis-
tribution of plant species, local populations of stink bugs
have specific food habits; for that reason, it is necessary to
know in each locality the role of different plants in the biol-
ogy of nymphs and adults (Panizzi & Slansky 1985, Panizzi
1997, 2000, Panizzi & Parra 2009).

Results obtained in a field survey conducted in the
southwestern shore of Uruguay indicated that P. guildinii
inhabits forage legumes (alfalfa, birdsfoot trefoil, red clo-
ver Trifolium pratense) almost the entire year (Zerbino
et al 2014). No information is available about the impact
these plants have on insect development. Based on this
knowledge, it is possible to establish which plants are the
most important in the life history of the insect in order
to concentrate studies on them, and to develop manage-
ment tactics to mitigate the buildup of P. guildinii popu-
lations (Panizzi 1997, Panizzi & Parra 2012). The current
laboratory study was carried out to evaluate the perfor-
mance of nymphs and adults of P. guildinii feeding on
the main forage legumes (alfalfa, birdsfoot trefoil, and
red clover) cultivated in Uruguay, and soybean, which
was deemed as control.

Material and Methods

Insects, origin, and routine maintenance

Adults of P. guildinii were collected during spring in 2013 at
INIA La Estanzuela, Colonia, Uruguay (34°20′S, 57° 41′W) and
taken to the laboratory. Each one of the 20 pairs was placed
singly in a clear plastic box (25×20×20 cm) to obtain eggs
(Silva & Panizzi 2008). They were fed with green pods of
P. vulgaris, dry soybean seeds, and raw shelled peanuts
Arachis hypogaea, all equally available, a standard diet
routinely used to rear stink bugs in the laboratory (Silva &
Panizzi 2007). Food source was replaced on alternate days,
and distilled water was supplied every day by using moist-
ened cotton in a plastic container (1.0-cm diameter). Egg
masses were removed and conditioned in Petri dishes
(9.0×1.5 cm) lined with moistened filter paper and then car-
ried to environmental chambers where experiments were
performed. The environmental chambers were maintained
at 25±1°C, 80±10% RH, and 14-h photophase (four lights of
light type Day TLT 20W/54 RS arranged vertically on the
door). Temperatures and humidity were monitored every
day using HOBO data loggers (model U23-001, Onset
Computer, Pocasset, MA). Food sources considered in both
nymph and adult biology were alfalfa immature pods (AIP),
birdsfoot trefoil immature pods (BTIP), red clover flower with

immature seeds (RCF), and soybean immature pods (SIP) at
R5–6 stage.

Nymph performance

During the first instar, nymphs were maintained only with
distilled water. On the first day of the second instar, when
feeding activity started, individualized nymphs were placed
each in a crystal polystyrene box (11.0×11.0×3.5 cm) lined
with moistened filter paper. Since that moment, they began
to receive the different food sources, alfalfa immature pods
(AIP), birdsfoot trefoil immature pods (BTIP), red clover flow-
er with immature seeds (RCF), and soybean immature pods
(SIP) at R5–6 stage. Approximately 50 nymphs (replicates)
were used for each treatment. Food source was replaced
on alternate days, and distilled water was supplied every
day by using moistened cotton in a plastic container (1.0-
cm diameter).

Daily observations were made on molting and mortality.
The mean nymph development time, percentage of survivor-
ship of each instar (except the first), and total mortality from
second to adult were calculated. Fresh body weight (mg) at
adult emergence was taken using an electronic scale (OHAUS
Pioneer TM; to the nearest 0.1 mg). Treatments were set up
in a completely randomized design.

Adult performance

During the first instar, nymphs were maintained only with
distilled water. On the first day of the second instar, groups
of ten nymphs were placed each in a crystal polystyrene box
(11.0×11.0×3.5 cm) lined with moistened filter paper. They
were fed with green pods of P. vulgaris, dry soybean seeds,
and raw shelled peanuts. Food source was replaced on alter-
nate days and distilled water was supplied every day by using
moistened cotton in a plastic container (1.0-cm diameter).

At adult emergence, more than 50 single pairs were indi-
vidualized in crystal polystyrene boxes (11.0×11.0×3.5 cm)
lined with moistened filter paper and fed with alfalfa imma-
ture pods (AIP), birdsfoot trefoil immature pods (BTIP), red
clover flower with immature seeds (RCF), and soybean im-
mature pods (SIP) at R5–6 stage. Food and water were pro-
vided as described for the nymph study. Daily records were
made of adult mortality, female oviposition, and eggs laid
and hatched. Percentage of adult survival up to day 98, total
longevity, percentage of ovipositing females, preoviposition
period, fecundity (mean number of egg masses and
eggs/female), and percentage of viability were calculated.
Fresh body weight (mg) for both sexes was taken at the
moment of the adult emergence and once a week thereafter
until mortality, using an electronic scale (OHAUS Pioneer™;
to the nearest 0.1 mg). Males and females that died were not
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replaced. Treatments were set up in a completely random-
ized design, and each pair was considered a replicate.

Statistical analysis

The experiments were replicated twice. Because results from
the two experiments were similar, data were combined in
the final statistical analyses.

Nymph survivorship and total mortality and percentage of
ovipositing females were analyzed using generalized linear
model with binomial distribution and link function logit
(PROC GENMOD, SAS Institute 2008, version 9.2). Results
are presented as the likelihood ratio statistics of the chi
square distribution.

Instar duration and total nymph development time,
preoviposition period, number of egg masses and total eggs
per female, and adult longevity were analyzed with the gen-
eralized linear model with Poisson distribution or negative
binomial and logarithmic function (PROC GENMOD, SAS
Institute 2008, version 9.2), as they are discrete variables,
and an association between means and variance was detect-
ed. The results are presented as the likelihood ratio statistics
of the chi square distribution.

The weight at adult emergence and the percentage of egg
viability were analyzed using the general linear model (PROC
GLM, SAS Institute 2008, version 9.2) due to the fact that the
variance was homogeneous, and there was no association
between means and variance. Means were compared using
Tukey–Kramer honestly significant (HSD) test for significance
(p≤0.05). Differences between male and female fresh body
weight were compared using Student’s t test (p≤0.05).

Data on percentage of adult survival over time for each
food source were analyzed by simple linear regression. To
comply with the assumptions of linear regression, data were
transformed to ln(x+1). Slope coefficients were compared
using Student’s t test (p≤0.05).

Data regarding change in fresh body weight were ana-
lyzed using the general linear mixed model (Proc MIXED,
SAS Institute 2008, version 9.2), with initial body weight
(measured at day 1) as a covariate and the subsequent
weights as repeatedmeasures in the analysis. The covariance
structure that fitted the data was ANTE (1). The model state-
ment included the interaction term (food and age) to test for
heterogeneity of slopes.

Results

Nymph performance

Nymph development time during from second to fourth in-
star varied significantly among food sources (second, χ2=
21.8, df=3, p<0.0001; third, χ2=23.1, df=3, p<0.0001; and

fourth, χ2=5.9, df=2, p=0.05), but not during the fifth instar
(χ2=1.2, df=2, p=0.56). No RCF nymphs reached up to the
third instar; in both second and third instars, nymphs took
significantly more time than on AIP, BTIP, and SIP, for which
the time taken to complete these instars was similar. At
fourth instar, nymphs on AIP and SIP complete development
faster than on BTIP (Table 1). On those food sources in which
P. guildinii nymphs completed development, the time re-
quired to reach adulthood (second through fifth instar) in
both sexes was similar (females, χ2=0.7, df=1, p=0.70;
males, χ2=3.2, df=1, p=0.20; Table 1).

Nymph survivorship between second and fifth instars was
affected by food sources (second, χ2=69.8, df=3, p<0.0001;
third, χ2=63.0, df=3, p<0.0001; fourth, χ2=8.9, df=3, p=
0.03; and fifth, χ2=15.6, df=2, p=0.0004). Nymph survivor-
ship at the second and third instars on alfalfa immature pods
(AIP), and soybean immature pods (SIP) was similar and sig-
nificantly higher than on birdsfoot trefoil immature pods
(BTIP), and red clover flower with immature seeds (RCF);
according to the likelihood ratio statistics of the chi square
distribution, the lowest value of nymphal survivorship was
obtained on RCF (Fig 1). No nymph on RCF completed fourth
instar, and on BTIP, AIP, and SIP, recorded values were sim-
ilar. During the fifth instar, nymph survivorship was highest
and lowest on SIP and BTIP, respectively (Fig 1).

Total nymph mortality (second and fifth instars) varied
significantly among food sources (χ2 = 151.5, df = 3,
p<0.0001). Values recorded for each food sources were dif-
ferent, 100% on RCF, 87.6% on BTIP, 54.2% on AIP, and
32.6% on SIP (Table 1).

Food sources did not affect fresh body weight of 1-day-old
females (F2,41=0.2, p=0.81), but they had significant effects
on fresh body weights of males newly emerged (F2,27=3.9,
p=0.03). Males on AIP were lighter than those fed on SIP,
while on BTIP, the average value of fresh body weight was
intermediate. Within the same food source, females were
significantly heavier than males when nymphs fed on BTIP
and AIP, but both sexes had similar fresh body weight when
fed on SIP (Table 2).

Adult performance

Adult survivorship gradually decreased over time in all treat-
ments. It followed a similar pattern on all food sources test-
ed, except when fed on red clover flower with immature
seeds (RCF, Fig 2).

Adults of both sexes fed on RCF had a significantly lower
survivorship rate than on alfalfa immature pods (AIP),
birdsfoot trefoil immature pods (BTIP), and soybean imma-
ture pods (SIP), which were similar to each other (Table 3). At
day 50 of adult emergence, only 22% of females and 17% of
males survived on RCF, while on the remaining food sources,
survivorship ranged between 59 (BTIP) and 69% (AIP) for
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females, and between 39 (BTIP) and 75% (AIP) for males
(Fig 2).

Adult longevity was affected by food source (females, χ2=
37.4; males, χ2=38.6; df=3, p<0.0001). Longevity varied be-
tween 68 days (AIP) and 32 days (RCF) for both sexes
(Table 3). No differences were found between values record-
ed on SIP (∼54 days) and BTIP (∼50 days, Table 3).

Reproductive performance of Piezodorus guildinii varied
among food sources. Percentage of ovipositing females (χ2=
21.3, df=2, p<0.0001) was highest when fed on AIP (87.7%)
and SIP (83.8%), while only 52.2% of ovipositing females
were observed on BTIP and none on RCF (Table 4).

On those food sources on which females were able to
reproduce, the preoviposition period (χ2=6.6, df=2, p=
0.04) was shortest and longest on AIP (18.6 days) and

SIP (25.8 days), respectively, and intermediate on BTIP
(21.1 days, Table 4). Food sources significantly affected
fecundity (egg masses/female, χ2 = 17.94, df = 2,
p<0.0001; eggs/female, χ2 = 15.0, df=2, p=0.0005).
Females feeding on AIP and SIP laid a significantly great-
er number of egg masses/female (8.5 and 9.9, respec-
tively) and number of eggs/female (134.4 and 148.3, re-
spectively) than those fed on BTIP (4.1 egg masses/fe-
male and 60.2 eggs/female). Food sources did not have
effects on egg viability (F2, 125=0.06, p=0.94; Table 3).

Body weight gain of adults varied significantly with the
food source during the first 43 days of adulthood (interaction
food and age, F4, 1464=25.4, p<0.0001). The effects of the
food source were similar in both sexes (interaction food and
sexes, F3, 241=1.5, p=0.22). According to the slope of the
linear regression, adults fed on AIP and SIP gained weight
during this period; while insects feeding on BTIP kept the
initial weight, those fed on RCF lost weight (Table 5).
Changes in the weight of females were higher than in males
(Fig 3a, b). Females on AIP never lost weight during the
43 days of adult life, while those fed on RCF only gained
weight during the third week of adult life (15–22 days,
Fig 3a). Males feeding on AIP only lost weight between the
fifth and sixth weeks of adult life, while those fed on RCF
never gained weight during their 43 days of adult life (Fig 3b).

Discussion

Our data indicate that different aspects of the biology of
nymphs and adults of P. guildinii were affected by the
tested food sources. Besides, results helped to determinate
the role that forage legumes (alfalfa, red clover and
lotus) play on the life history of this insect. The variable im-
pact of the different plant species on the performance of

Table 1 Development time (mean±SEM) and mortality of Piezodorus guildinii nymphs, feeding on red clover flower with immature seeds (RCF),
birdsfoot trefoil immature pods (BTIP), alfalfa immature pods (AIP), and soybean immature pods (SIP), in the laboratory.

Food sources Initial number Instar duration (days) Total development time (2nd–5th instars) (days) Total mortality (%)

2nd 3rd 4th 5th Female Male

RCF 96 7.6±0.6 aa

[22]
12.5±4.5 a
[2]

– – – – 100.0 a

BTIP 109 5.1±0.4 b
[40]

4.3±0.3 b
[27]

6.1±0.6 a
[21]

6.4±0.3 a
[14]

21.3±0.8 a 22.7±1.0 a 87.6 b

AIP 59 5.0±0.3 b
[45]

4.5±0.3 b
[39]

4.6±0.3 b
[33]

6.0±0.3 a
[27]

20.6±0.5 a 19.0±0.5 a 54.2 c

SIP 50 4.6±0.1 b
[38]

3.7±0.1 b
[37]

4.4±0.1 b
[33]

6.7±0.2 a
[33]

19.7±0.5 a 19.3±0.4 a 32.6 d

aMeans in each column followed by the same letters are not significantly different (p<0.05) based on likelihood ratio (initial number of nymphs
surviving each stadium is given in brackets)

Fig 1 Survivorship (mean±SEM) of Piezodorus guildinii nymphs at
different instars feeding on red clover flower with immature seeds
(RCF), birdsfoot trefoil immature pods (BTIP), alfalfa immature pods
(AIP), and soybean immature pods (SIP), in the laboratory. 1Means in
each instar followed by the same letters are not significantly different
(p<0.05) based on likelihood ratio.
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nymphs and adults was the consequence of the physical and
chemical attributes (nutrients and non-nutrients) that they
have (Panizzi 1987, Panizzi & Silva 2009). Although in several
countries in South America P. guildinii is known as the
“Alfalfa stinkbug,” no data in the literature were found about
nymph and adult biology performed on alfalfa and/or other
forage legumes.

Although the tested food sources that allowed full devel-
opment had similar impact on nymph development time,
they had different effects on nymph survival. Scriber &
Slansky (1981) stated that the nutritional quality of the food

(energy, nutrients, and allelochemicals) has significant effects
on the survival and growth of immature arthropods that
cause changes in the rates of food digestibility and nutrient
assimilation.

On red clover flower with immature seeds (RCF), no
nymphs reached adulthood; much probably the nutritional
suitability of this plant structure is inadequate. This result
may seem contradictory to that obtained by Zerbino et al
(2014), who reported the presence of nymphs on this plant
species between November and April. One possible explana-
tion is that nymphs could have been originated from egg
masses eventually deposited by females that temporarily
colonized this crop, in the absence of other food sources
(Panizzi & Silva 2009). Nymphs may be seriously threatened
on a food source that prevents their development, i.e., red
clover (Panizzi et al 1980, 2000, Panizzi 2007, Panizzi & Silva
2009). It could also be possible that nymphs observed in red
clover could have been older (fourth and fifth instars), com-
ing from other plant species. Panizzi et al (1980) reported
that at these stages, P. guildinii can disperse and, like adults,
temporarily colonize alternate plants in the absence of other
food sources. Older nymphs may have different food habits
from those of young nymphs (Panizzi 1997), so they may
likely survive on red clover.

Due to the low nymph survivorship recorded on BTIP,
mainly at the second instar, total nymph mortality was very

Table 2 Fresh body weight (mean±SEM) of Piezodorus guildinii at
adult emergence feeding on birdsfoot trefoil immature pods (BTIP),
alfalfa immature pods (AIP), and soybean immature pods (SIP), in the
laboratory.

Fresh body weighta (mg)

Food sources Female Male

BTIP 53.4±2.3 aA 44.6±2.4 abB

AIP 52.6±1.6 aA 43.1±3.2 bB

SIP 51.2±2.5 aA 49.3±1.1 aA

aMeans followed by the same lowercase letters in each column and
uppercase letter in each row do not differ significantly (p<0.05) using
Tukey’s test and t test, respectively.

Fig 2 Survivorship (%) up to 98 days of adults of Piezodorus guildinii feeding on a red clover flower with immature seeds (RCF), b alfalfa immature
pods (AIP), c birdsfoot trefoil immature pods (BTIP), and d soybean immature pods (SIP), in the laboratory (M, male; F, female).
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high (∼88%). These results may be due to the lack of nutri-
ents that are necessary for normal development and/or the
presence of toxic substances such as tannins. These com-
pounds are a major chemical plant defense and are consid-
ered anti-nutritional factors, since their presence reduces the
digestibility and insects have difficulty to metabolize them
(Panizzi & Silva 2009). This result probably explains in part
why Zerbino et al (2014) reported that the total amount of
nymphs collected in birdsfoot trefoil was considerably lower
than in alfalfa.

Nymph survivorship on SIP and AIP was similar in all in-
stars (second to fifth), ranging between 78–100% and 76–
87%, respectively. However, total nymph mortality on AIP
(∼54.2%) was significantly higher than that obtained on SIP
(32.6%). These results indicated that SIP is a more suitable
food source for nymphs than AIP.

Total nymph mortality recorded on SIP was lower than
values reported by Panizzi et al (2000, 2002) and Oliveira

& Panizzi (2003) (57.7, 88, and 47.6%, respectively), and sim-
ilar to that reported by Gómez et al (2013) (38%) when
nymphs received similar food.

These differences may be explained by differences in the
quality of food and/or of insects used (Panizzi et al 2002).
Usually, nymphs of Piezodorus guildinii have high mortality in
all food sources; even in the preferred genus Indigofera
nymph mortality was higher than 50%, except for
Indigofera endecaphylla (12%) (Panizzi 1992).

On food sources in which nymphs completed develop-
ment (AIP, BTIP, and SIP), the time required to reach
adulthood and the fresh body weight at adult emergence
did not differ significantly. Values obtained in this
experiment were similar to those obtained by Zerbino et al
(2013) with other food sources (green pods P. vulgaris,
soybean seeds, and peanuts) under similar conditions of
temperature and light regimes. The fact that adults fed on
BTIP had reached a normal size suggests that surviving

Table 3 Slope (b) of de simple
linear regression of survivorship
and mean (±SEM) longevity of
Piezodorus guildinii adults
feeding on red clover flower with
immature seeds (RCF), birdsfoot
trefoil immature pods (BTIP),
alfalfa immature pods (AIP), and
soybean immature pods (SIP), in
the laboratory.

Food sources ba Longevity (days)b

Female Male Female Male

RCF −0.053±0.006 a −0.056±0.005 a 33.5±2.4 c

[52]c
29.9±2.4 c

[53]

BTIP −0.019±0.003 b −0.025±0.002 b 56.6±5.0 b

[46]

44.5±4.6 b

[45]

AIP −0.015±0.003 b −0.020±0.006 b 70.5±4.7 a

[49]

65.4±4.5 a

[48]

SIP −0.018±0.005 b −0.023±0.003 b 60.5±2.9 ab

[67]

47.9±3.2 b

[69]

a Slopes expressed as natural logarithm (% Survivorship+1), in each column, followed by the same letters are
not significantly different at p<0.05 based on t test
bMeans in each column followed by the same letters are not significantly different (p<0.05) based on likeli-
hood ratio (number of adults in brackets)
c Number of adults in brackets

Table 4 Reproductive performance of Piezododus guildinii females feeding on red clover flower with immature seeds (RCF), birdsfoot trefoil
immature pods (BTIP), alfalfa immature pods (AIP), and soybean immature pods (SIP), in the laboratory.

Food sources Females ovipositing (%) Preoviposition period (days) Number/female Egg viability (%)

Egg masses Eggs

RCF 0 – – – –

BTIP 52.2 ba

[24] c
21.1±1.6 aba 4.1±0.7 ba 60.2±10.2 ba 58.0±6.2 ab

AIP 87.7 a
[42]

18.6±1.8 b 8.5±1.0 a 134.4±16.0 a 57.5±3.1 a

SIP 83.8 a
[62]

25.8±2.5 a 9.9±1.0 a 148.3±14.9 a 58.0±3.1 a

aMeans in each column followed by the same letters are not significantly different (p<0.05) based on likelihood ratio
bMeans followed by the same letters do not differ significantly (p<0.05) using Tukey’s test
c Number of females that oviposited in brackets
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nymphs develop mechanisms that allow them to overcome
the poor quality of the food (Panizzi et al 2000, 2002).

Food source directly affected adult longevity and percent-
age of adult survival up to day 98, as a consequence of the

differences in nutritional quality, and indirectly affected re-
productive performance as a result of the presence/absence
of nutrients that are necessary for egg production (Oliveira &
Panizzi 2003, Panizzi 2007, Panizzi & Silva 2009). There were
also differences in weight gain over a period of 43 days.
Weight gain at the beginning of adult life, mainly in the first
week, is common among hemipterans (Panizzi & Slansky
1985, Panizzi 1987). The higher food intake and weight gain
during the teneral period in this group are associated with
cuticle formation of flight muscles and gonads, and reserve
accumulation (Panizzi & Slansky 1985). In general, weight
tends to stabilize after 15 days of adult emergence.

Adults of both sexes that fed on RCF had a survivorship
rate and longevity significantly lower than on other food
sources; besides, adults lost weight during the first 6 weeks
of life. Females did not lay eggs when reared on this food
source, and no copulating pairs were observed during their
handling. These results demonstrate that RCF is a food

Table 5 Daily weight gain (mg) of Piezodorus guildinii adults during the
first 6 weeks of adult life feeding on red clover flower with immature
seeds (RCF), birdsfoot trefoil immature pods (BTIP), alfalfa immature
pods (AIP), and soybean immature pods (SIP), in the laboratory.

Food sources Daily weight gain (mg) (b)a b≠0
Pr> t

RCF −0.303 c <0.0001

BTIP 0.035 b 0.3501

AIP 0.181 a <0.0001

SIP 0.145 a <0.0001

a Values in the column followed by the same letters are not significantly
different at p<0.05 based on t test

Fig 3 Change in fresh body
weight (mean±SEM) during the
first 6 weeks of adult life and
from day 1 to day 43 of
Piezodorus guildinii adults
feeding on red clover flower with
immature seeds (RCF), birdsfoot
trefoil immature pods (BTIP),
alfalfa immature pods (AIP), and
soybean immature pods (SIP), in
the laboratory; a females, and b
males.
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source with low nutritional quality for adults of P. guildinii,
and reaffirm the hypothesis that adults colonize red clover
temporarily in absence of other food sources (Zerbino
et al 2014).

Food sources on which P. guildinii adult generated off-
spring (AIP, BTIP, and SIP) had differential effects on adult
longevity and reproductive performance; survivorship rate
and egg viability were similar in the three food sources.
Reproductive performance of females that fed on BTIP was
poorer (lower percentage of females ovipositing and lower
fecundity) than that observed on AIP and SIP. Furthermore,
adults fed on BTIP during the first 43 days did not gain
weight. These results are indicating that BTIP has a lower
nutritional fitness and demonstrate the importance of the
food quality on reproductive performance (Panizzi &
Slansky 1985, Panizzi 1987, 2007, Panizzi et al 2000, 2002,
Oliveira & Panizzi 2003, Gómez et al 2013). The fact that the
longevity of adults that fed on BTIP and SIP was similar but
had significant differences on reproductive performance in-
dicates that longevity has priority over reproductive activity
when the food is nutritionally inadequate; thus, adults save
energy (Panizzi et al 2000).

Conversely, alfalfa immature pods (AIP) proved to be a
food source with excellent nutritional quality (highest adult
longevity, percentage ovipositing females and fecundity,
shortest preoviposition period, and furthermore adults gain
weight during 43 days). These results indicate that adults
fed on this food source accumulate reserves, and the nu-
trients and energy diverting for egg production do not af-
fect adult lifetime, as it happens with a food with medium
and low suitability (Panizzi & Silva 2009). Differences found
in preoviposition period, significantly shorter on AIP than
on SIP, suggest that the concentration of compounds in-
volved in the ovary maturation process is higher on AIP
than on SIP, and/or AIP may contain other compounds that
promote this process (Slansky & Panizzi 1987). Panizzi &
Slansky (1985) established that the quality of consumed
food had effects on the time of oviposition onset. The
results obtained about reproductive performance on alfalfa
explain why, in general, the abundance of nymphs and
adults in this forage legume is higher than in birdsfoot
trefoil as determined by Zerbino et al (2014).

The egg viability has proven to be a variable that is not
affected by the food consumed by females of P. guildinii
(Panizzi & Slansky 1985, Panizzi 1987, 1992, Panizzi et al
2002) or other hemipteran females (Shearer & Jones 1998,
Chocorosqui & Panizzi 2008).

With the exception of percentage of females that lay eggs
and hatching eggs, the values obtained for different repro-
ductive variables when females fed on SIP were within the
range reported in other studies (Panizzi & Slansky 1985,
Panizzi et al 2000, 2002, Oliveira & Panizzi 2003, Gómez
et al 2013), in which the food source was soybean pods in a

similar growth stage used in this work. The percentage of
females ovipositing on SIP (83.7%) was higher than reported
in those studies (30–50%). Panizzi et al (2000, 2002) and
Oliveira & Panizzi (2003) reported values of egg viability
somewhat higher (62 and 75.5%) than those recorded in this
study (58%). These differences may be due to the variability
in P. guildinii populations from different areas and/or the
quality of the food source exploited by this insect (Panizzi &
Slansky 1985).

Panizzi (2000) distinguished two groups of plant species—
host plants where phytophagous hemipterans feed, develop,
and reproduce; and alternate (associated) plants which are
used as shelter and/or as a source of nutrients and water but
do not reproduce. According to our data, it was possible to
establish the role that different forage legumes have in the
life history of P. guildinii in Uruguay. Red clover is an associ-
ated plant; nymphs do not complete their development and
adults do not produce offspring, suggesting that this plant
only provides nutrients to sustain the adult life. Birdsfoot
trefoil must be regarded as a secondary host plant; although
nymphs reach adulthood, mortality is high; furthermore,
adult longevity and reproductive performance of females
are lower than those fed on alfalfa and soybean. Finally,
besides soybean, alfalfa is the most important host plant of
P. guildinii; although nymph mortality is higher than in soy-
bean, adult longevity and reproductive performance of fe-
males are similar to those fed on soybean.

Our results indicate that alfalfa may play a key role in the
life history of P. guildinii. Therefore, alfalfa is the crop where
efforts should be driven to develop and implement tactics
during the spring, preventing the buildup of the population
that will colonize soybean, and decreasing the impact of this
insect pest. Furthermore, in those agroecological regions
where alfalfa does not occupy a considerable area, interven-
tions on the secondary host plant birdsfoot trefoil should be
planned, as P. guildinii fully develops and reproduces.
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