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Use of artificial substrates of different colors for oviposition by the brown
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ABSTRACT. Use of artificial substrates of different colors for oviposition by the stink bugs Euschistus heros (Hemiptera,
Pentatomidae). Aiming to contribute to a rearing methodology for the brown stink bug, Euschistus heros, in the laboratory, we
evaluated oviposition on artificial substrates of different colors. During six days, oviposition was evaluated daily, by counting the
total number of eggs, number of clutches, and eggs/clutch. Females laid 12,463 eggs, in 1,677 clutches, resulting in an average
of 7.28 £ 0.44 eggs/clutch. Black, brown, and green felt had the most eggs and clutches. The results demonstrated that many
colors are suitable as oviposition substrate for E. heros, providing information for the mass rearing of this insect.
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Within the complex of insect pests of soybean, the brown
stink bug, Euschistus heros (Fabricius, 1798) (Heteroptera,
Pentatomidae), is of great interest, as it colonizes the crop
since the vegetative phase, causing damage from early stages
of pod formation until the ripening of beans (Panizzi et al.
2000a). The attack of this insect reduces oil levels and leaf
retention, consequently reducing the quality and commer-
cial value of soybeans (Panizzi & Slansky-Junior 1985;
Schmidt et al. 2003).

Due to the economic importance of E. heros, several stud-
ies have been conducted to improve rearing techniques of
this pest in the laboratory to standardize the availability of
eggs in large scale for many biological studies (Parra 2001;
Silva & Panizzi 2009). Therefore, new rearing methodolo-
gies along with the need to develop more integrated man-
agement practices of stink bug populations have encouraged
researchers worldwide to develop mass rearing procedures
for several crop pests in the laboratory, mainly aiming at con-
ducting studies to reduce the use of pesticides for the man-
agement of stink bugs (Corréa-Ferreira et al. 2010;
Corréa-Ferreira & Moscardi 1996; Panizzi & Corréa -Ferreira
1997; Corréa -Ferreira & Panizzi 1999; Venzon et al. 1999;
Knight & Gurr 2007; Sosa-Gomez et al. 2009; Perez & Corréa
-Ferreira 2004).

The use of artificial oviposition substrates by several
pentatomids for rearing pests and their natural enemies has
been proposed by several authors (Shearer & Jones 1996;
Bundy & McPherson 2000; Panizzi et al. 2000b, 2004; Silva
& Panizzi 2007, 2008), as they are more feasible than natu-

ral ones, facilitating the maintenance of stink bug colonies
and lowering costs. However, these studies have not exam-
ined whether the colors of artificial substrates can interfere
with the oviposition of stink bugs, since only white artificial
substrates are usually used.

Therefore, the present study examined the oviposition of
the brown stink bug, E. heros, on artificial substrates (felt)
of different colors, to determine the ideal color for mass rear-
ing this pest insect for studies on its biology, as well as para-
sitoids for possible biological control.

MATERIAL AND METHODS

We used specimens of E. heros from a colony established
in the Laboratory of Entomology of the Center of Agri-En-
vironmental Research, Studies, and Development (Centro de
Pesquisas, Estudos e Desenvolvimento Agro-ambientais —
CPEDA) of the State University of Mato Grosso, Campus of
Tangara da Serra (UNEMAT/CUTS).

For the experimental setup, one-day old adults were sepa-
rated from the main colony and maintained in cages for 9
days, time needed for E. heros to reach sexual maturity (Costa
et al. 1998). After this period, 10 couples of E. heros were
transferred to 8-L plastic containers. In each container, we
placed seven pieces of felt (6x20 cm) always of the same
color: white, black, blue, green, red, yellow, or brown. Five
replicates were carried out for each color set (container). Adult
specimens were sexed according to Borges et al. (2006). The
food diet followed Costa et al. (1998) including sunflower
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seeds. The containers were evaluated daily for six days. The
experiment was randomized, the results were analyzed with
an ANOVA, and the averages were compared with the Scott-
Knott test, significance set at 5%, with the software SASM
(Canteri et al. 2001).

RESULTS

Throughout the six days of experiments, we obtained
12,463 eggs in 1,677 clutches, averaging 7.28 + 0.44 eggs
per clutch. The colors of felts with the most eggs were black
(2,577), brown (2,380), and green (2,408), with no statisti-
cal differences. Red (1,164), white (1,247), blue (1,288), and
yellow (1,399) were the colors with the fewest eggs. This
same pattern was observed for the number of egg clutches.

Regarding the number of eggs/clutch, black (8.6) and
brown (8.4) felts had clutches with the most eggs, which were
statistically different from green (7.7), red (7.0), and yellow
(7.7), followed by white (5.7) and blue felts (5.7) with the
fewest eggs per clutch (Table I). The daily average of eggs,
clutches and eggs/clutches are presented in Figure 1.

Table I. Average number of eggs, clutches, and eggs/clutch of Euschistus
heros obtained from felts of different colors during six days of evaluation
without choice chance. Total numbers in parenthesis.
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Eggs* Clutches* Eggs/clutch*
Color
Mean + SE' (total) Mean + SE (total) Mean + SE
Black 429.5 + 50.10 a? (2,577) 48.0 £ 5.62 a (299) 8.6+037a
Brown 396.6 £ 52.18 a (2,380) 49.8 £ 4.83 a (279) 84+027a
Green 401.3 +22.15 a (2,408) 48.0 £2.34a (313) 7.7+0.40b
Blue 214.6 £ 40.05 b (1,288) 48.4 +£5.19 b (218) 57+025¢
Red 194.0 + 13.25 b (1,164) 33.4+1.91 b (166) 7.0+0.17b
White 207.8 +32.99 b (1,247) 27.4 +5.25b(219) 57+032¢
Yellow 233.1 £21.15b (1,399) 33.8+£2.93b (183) 7.7+047b
C.V. 29.66 26.13 11.29
F 8.75 5.10 12.24

*(p < 0.001); 'Standard error (SE); Means followed by same letter in the column do
not differ by Scott Knott test at 5%.

DISCUSSION

In general, studies on artificial oviposition substrates for
stink bugs are scarce. Among earlier experiments, Panizzi et
al. (2000Db), studying the southern green stink bug Nezara
viridula (L.), demonstrated for the first time that a model
simulating a natural plant can be used as substrate for ovipo-
sition along with an artificial diet. Later, Panizzi et al. (2004)
successfully used cheesecloth treated with soybean plant
extracts for oviposition of this stink bug.

Silva & Panizzi (2007) expanded the dataset on the use
of artificial substrates by evaluating the oviposition of seven
species of pentatomids on cotton balls. Approximately 80%
of clutches of E. heros, Dichelops melacanthus (Dallas), and
Thyanta perditor (F.), and 60% of clutches of Piezodorus
guildinii (Westwood) and Chinavia impicticornis (Stal) were
laid on cotton balls. However, N. viridula and Edessa
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Fig. 1. Daily average number of eggs (A), clutches (B) and eggs/clutch
(C) of Euschistus heros on each colored felt.

meditabunda (F.) did not oviposit on this substrate. Silva &
Panizzi (2008) also evaluated the oviposition behavior of the
small green stink bug, P guildinii, on synthetic wool string,
cotton string, and cheesecloth, and found that oviposition
was highest on the former. In another similar study, Silva &
Panizzi (2009) compared the oviposition of the brown stink
bug, E. heros, on artificial substrates (synthetic wool string,
cotton string, veil fabric, and cotton balls) and natural sub-
strates (live soybean plants) and found that cotton balls had
more eggs compared to live plants. Additionally, the use of
cotton balls greatly simplifies routine maintenance in labo-
ratory colonies.

In all these studies, artificial substrates were suitable al-
ternatives to natural ones. However, few studies have exam-
ined the relationship between color of oviposition substrate
(natural or artificial) and fecundity. Most studies, when ex-
amining color, describe its importance in phototactic behav-
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ior (movement in response to light stimuli) (Katsoyannos &
Kouloussis 2001; Drew et al. 2003). McInnis (1989), study-
ing tephritid flies, was one of few that examined the effect of
color on fecundity, reporting significantly fewer eggs of Cer-
atitis capitata (Wiedemann) in blue substrates, when com-
pared to black and red. Currently, no studies have examined
colored artificial substrates on stink bugs.

Silveira-Neto ef al. (1976) reported that insects exhibited
100% of response to wave lengths around 365 nm, which is
within the ultraviolet light range. Thus, comparing the wave
lengths of colors used in this study (ranging between approxi-
mately 400 nm to 800 mn — light spectrum/visible color) (Souza
et al. 2008), of colored felts (black, brown, and green) with
the most egg clutches, eggs, and eggs per clutch, green (490—
565 nm) is the closest to the ultraviolet light range. This sug-
gests that stink bugs oviposit on colored felts closer to this
wavelength.

According to Chapman (1998), some insects exhibit a
visual pigment with maximum capacity of absorption within
the green spectrum range (490-540 nm), and its range of
absorption usually extents below 400 nm, in the ultraviolet
range, and above 600 nm, above the green wavelength. How-
ever, blue is closer to the ultraviolet wavelength than green,
but did not exhibit similar results. Other colors (white, yel-
low, and red) had a similar pattern to that of blue, suggesting
that other factors may influence the oviposition substrate
selection. Regarding the results obtained for the red felt,
Chapman (1998) points out that for most insects, long wave-
lengths (red) do not stimulate the eyes, as this color is above
the 600 nm wavelength. Based on this, in our study, red felts
are among the colored substrates with the fewest eggs and
clutches. This might have occurred due to the sensitivity of
insects to light radiations of different wavelengths, often dis-
tinct from the human eye (Carvalho 1986).

However, some trends are clear and according to Briscoe
& Chittka (2001), most studied insects have sensitive recep-
tors to the maximum green (~530 nm). This may explain the
larger number of eggs deposited on green felts, since E. heros,
in its natural habitat, or infesting soybean crops, oviposit on
leaves or pods of plants, which are green. Thus, this might
be a response associated to the experience of depositing its
eggs on green natural substrates (Land & Chittka 2013). The
same may occur with brown felts, similar to soybean stems
and mature pods. Gregorio ef al. (2010) pointed out that ovi-
position substrate selection in the natural habitat is essential
for the survival and success of the offspring. Thus E. heros
may associate green and brown felts as natural substrates,
since the evolution of color vision in insects cannot be un-
derstood without knowledge on the life history of insects, as
pointed out by Briscoe & Chittka (2001).

Therefore, our study demonstrates that the use of artificial
oviposition substrates in green, brown, and black were the most
appropriate for mass production of E. heros eggs than other
tested colors. In addition, the removal of egg clutches was more
efficient and free of fuzz, unlike the observed in other studies
that used strings and cotton balls as artificial substrates (Silva

& Panizzi 2007, 2008, 2009). This characteristic is important,
especially for egg production for mass rearing of parasitoids,
since cotton or wool strings might act as a barrier and interfere
negatively with the parasitoid behavior.
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