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ABSTRACT

The bug Collaria oleosa (Distant, 1863) has frequently been found attacking forage crops, where it causes leaf
damage in the form of whitish striae, leading to a reduction in photosynthesis. The aim of this study was to select signal
grass, Brachiaria ruziziensis, genotypes that show resistance to C. oleosa. Adult insects were collected from a greenhouse
at Embrapa Dairy Cattle Research Center, Brazil. Insects were sexed and held in acrylic cages in a laboratory; eggs
produced were placed in Petri dishes and housed in a climatic chamber until the nymphs hatching, that were isolated in
plastic containers (2.5cm x 2.5cm) until the fourth instar, and then transferred to Petri dishes (5.0cm x 2.5cm). One adult
pairs were placed in mating cages and fed on the same diet as the developing nymphs. Our study incorporated a fully
randomized design with seven replicates, using 26 genotypes of B. ruziziensis and a marandu cultivar (Brachiaria
brizantha). The duration and viability of each instar and the nymphal stage, adult longevity, and the number of eggs/female
was evaluated. Significant differences were found for each instar duration, nymphal stage, adult longevity, and fecundity of
C. oleosa on different plant genotypes. The genotypes CNPGL BR 07, CNPGL BR 14, CNPGL BR 43, CNPGL BR 76,
CNPGL BR 91, CNPGL BR 100, and B. brizantha were selected as having influenced C. oleosa biology cycle, and are

recommended as the most appropriate lines to follow in the breeding programs of B. ruziziensis.

Keywords: bug (Collaria oleosa), signal grass, breeding program.

INTRODUCTION

Signal grass is an important constituent of animal
feeds that are fed to livestock used in the production of
milk and meat. In Brazil, 70% of the area used for
agricultural production (and 20% of the whole country) is
used to cultivate this forage grass (IBGE, 2006), which is
unrivalled in terms of its adaptation to low soil fertility,
easy establishment, considerable biomass production, and
providing excellent ground cover (Timossi et al., 2007).

Among the many phytophagous insects that feed
on grasses, the occurrence of Collaria oleosa (Distant,
1883) (Hemiptera: Miridae) warrant particular attention.
Damage by this bug is frequently observed in pastures of
signal grass and elephant grass, limiting their production.
However, producers and technicians seldom associate the
damage with the actual causative agent.

C. oleosa is potentially pest of forage grass,
causing injuries to the leaves in the form of whitish striae,
which lead to a decrease in photosynthesis (Auad et al.,
2011). In plants that are severely attacked, the striae
coalesce, causing total or partial dryness of the young
leaves, which compromises both yield and nutritional
value of the forage (Menezes, 1990). At high densities,
this bug can induce shoot death and lead to a reduction in
dry mass and forage quality. These mirids are present in
South America and several regions of Brazil, infesting
economically important crops such as wheat, barley, oats,
and other grass species (Silva et al., 1994), with each of
the different developmental stages contributing to the
damage (Carlessi et al., 1999).

Recent studies in Brazil have sought to better
understand the damage caused by this insect. Barboza

(2009) reported that Collaria scenica causes severe
damage in oats and ryegrass, and Auad et al. (2011) have
carried out studies on the biology of C. oleosa in elephant
grass and signal grass.

Because C. oleosa feeding directly affects the
production of dry mass from pastures, and consequently
leads to a reduction in the production of milk and meat,
further studies on this insect are essential. Surprisingly,
there is still a lack of data on the incidence and population
densities of C. oleosa, and its damage to pasture.

Alternative control strategies for pests in forage
are limited, and resistant plants are regarded as the most
viable way to avoid economic damage. The Brachiaria
ruziziensis genotypes used in breeding programs at
Embrapa Dairy Cattle Research Center, Brazil, would
benefit from being evaluated for their susceptibility to C.
oleosa attack, with the aim of selecting clones that are
resistant to the mainly species that actually have been
problem in forage, C. oleosa and spittlebug.

Because of the lack of information on pesticides
for the control this bug, combined with annual increases in
population densities, the selection of resistant grasses may
provide a viable alternative to be used in conjunction with
other strategies in the management this bug. The aim of
this study was thus to select B. ruziziensis genotypes that
are resistant to nymphs and adults of C. oleosa, in order to
support signal grass breeding programs in the control of
this insect.
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MATERIALS AND METHODS

The experiment was conducted at the Embrapa
Dairy Cattle Research Center, Brazil. Adult insects were
collected from a greenhouse and taken to the laboratory
where they placed into an acrylic cage (60 x 30 x 30cm)
containing an elephant grass plant as a feeding and
oviposition site. Eggs were removed from the leaves using
a fine-tipped paintbrush and placed in Petri dishes lined
with filter paper. The Petri dishes (8.5cm diameter) were
then covered with organza, secured with a rubber band,
and maintained in a controlled climate chamber (14:10
photoperiod, 25°C, 70 + 10% RH) until the nymphs were
ready to hatch.

Nymphs up to 12 hours old were housed
individually in cylindrical plastic containers (2.5cm
diameter x 2.5cm height) until the 3 instar, and then
transferred to Petri dishes (5cm diameter) in the fourth
instar. In both rearing environments, a layer of agar
(approximately 1cm thick) was placed below of foliar
discs to maintain leaf turgidity. The rearing containers
holding the nymphs were covered with organza to prevent
escape. Leaves were changed every 2 days, following the
methods of Auad et al. (2011).

Adults were sexed upon emergence, and one pair
of C. oleosa were transferred to plastic cages (20cm
diameter x 60cm high), covering the top with organza and
securing with a rubber band. For feeding and oviposition
used the same plant genotypes on which immatures had
been fed. Plants were maintained in glass vessels
containing water to maintain leaf turgidity, and were
changed every 2 days.

The experiment was fully randomized over seven
replicate trials, using 26 genotypes of B. ruziziensis and
the marandu cultivar, Brachiaria brizantha. Plants were
selected on the basis of high genetic diversity and
agronomic favorable characteristics, as determined by

field experiments at the Embrapa Dairy Cattle Research
Center (Tables 1 and 2).

For each of the different signal grass genotypes,
we recorded the duration (days) and survival (%) of each
instar of the nymphal phase of C. oleosa, together with
adult longevity and fecundity. The data were examined
using analysis of variance analysis and the means were
compared using the Scott-Knott test (p < 0.005).

RESULTS

Nymphs of C. oleosa developed through five
stadia, regardless of the B. ruziziensis genotypes on which
they had fed (Table-1). The duration of the first instar was
shorter (by an average of 2.6 days) when nymphs were fed
on the genotypes CNPGL BR 21, CNPGL BR 42, CNPGL
BR 49, and CNPGL BR 100. The CNPGL BR 07 and
CNPGL BR 58 genotypes increased the duration of the
first instar by 0.90 days, differing significantly from the
others genotypes, in which intermediate values were
observed, with an average increase of 0.42 days (Table-1).
In the second instar, the longest duration was observed in
nymphs feeding on the genotypes CNPGL BR 06, CNPGL
BR 07, CNPGL BR 14, CNPGL BR 21, CNPGL BR 29,
CNPGL BR 36, CNPGL BR 42, CNPGL BR 43, CNPGL
BR 44, CNPGL BR 46, CNPGL BR 49, CNPGL BR 58,
and CNPGL BR 63, and also on B. brizantha, with a mean
duration of 2.4 to 2.9 days. For the other genotypes, the
mean duration was shorter (2.2 days), giving rise to two
distinct mean groupings (Scott-Knott test; Table-1).
Nymphs housed with the genotypes CNPGL BR 06,
CNPGL BR 21, CNPGL BR 29, CNPGL BR 36, CNPGL
BR 43, CNPGL BR 49, and CNPGL BR 58 had a greater
mean third instar duration (from 2.5 to 2.7 days), with
other genotypes averaging around 1.95 days. No
significant differences were found for the duration of
fourth and fifth instars when nymphs were fed on different
signal grass genotypes (Table-1).
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of eggs of adult C. oleosa kept in different genotypes of B. ruziziensis.

Genotypes Instars Nymphal Adults Eggs/
1° 20 3° 40 50 stage female
CNPGLBRO06 3.1+014b 29+014b 25+022b 30+032a 36+024a 152+0.37c 32.7+1048b 87.0
CNPGLBRO07 37 +0.33c 27+060b - - - - - -
CNPGLBR14 3.0 +0.00b 25+ 0.22b - - - - - -
CNPGLBR21 26+024a 24+ 024b 25+ 050b 27+025a 35+029a 13.7+048a 7.0+ 208a 110
CNPGLBR25 3.0 +0.00b 22+ 020a 20+ 000a 28+020a 34+024a 134+024a 184+ 331la 89.0
CNPGLBR?29 32+017b 28+ 020b 25+029b 27+025a 35+029a 145+0.65b 247 +10.28a 43.0
CNPGLBR32 3.0 £0.00b 20+ 000a 22+ 017a 27+02la 3.7+02la 135+0.22a 122+ 529a 9.0
CNPGLBR36 3.2+020b 26+ 024b 27+025b 27:048a 30+ 00a 145+050b 350+13.93b 70.0
CNPGLBR39 3.0 +0.00b 22+ 020a 18+ 020a 28+020a 32+020a 13.0+000a 244+ 763a 920
CNPGLBR41 3.0 £0.00b 2.0+ 0.00a 20+ 000a 3.0+000a 3.7+02la 137+02la 230+ 49a 1250
CNPGLBR42 26+020a 26+ 020b 20+ 000a 33+033a 33+030a 140+058a 233+ 1.79a 230
CNPGLBR43 3.0 £0.00b 27+ 025b 22+025b 40+04la 40+000a 160+0.71c 127+ 155a -
CNPGLBR44 3.0 £0.00b 28+ 020b 20+ 000a 3.0+000a 37+025a 145+050b 232+ 6.74a 96.0
CNPGLBR46 3.0 £0.00b 26+ 024b 18+ 020a 25+029a 37+025a 137+063a 33.7+ 931b 130
CNPGLBR49 24 +024a 28+ 020b 22+025b 25+029a 3.7+025a 135+064a 292+ 487b 66.0
CNPGLBR58 33+033c 25#+022b 25+024b 30£000a 40+000a 154+040c 304+ 815b 17.0
CNPGLBR60 3.0 £0.00b 2.0+ 0.00a 20+ 000a 2.6+024a 36=+024a 132+020a 252+ 7.34a 940
CNPGLBR63 3.0 £0.00b 24+ 040b 20+ 000a 22+025a 35+029a 127+025a 46.7+ 118b 21.0
CNPGLBR70 3.0 £0.00b 22+ 020a 20+ 000a 3.0:+058a 33+033a 137+067a 170+ 7.64a 520
CNPGLBR74 3.0 +0.00b 20+ 000a 20+ 000a 27+02la 32+020a 128+037a 290+ 835b 480
CNPGLBR75 3.0+0.00b 22+ 017a 22+ 017a 32+020a 35+029a 137+048a 175+ 9.87a 30.0
CNPGLBR76 3.0 +0.00b 20+ 0.00a 2.0+ 0.00a - - - - -
CNPGLBR83 3.0 £0.00b 20+ 000a 20+ 000a 25+022a 35+022a 13.0+026a 183+ 216a 320
CNPGLBR91 3.0+0.00b 22+ 025a 174+ 0.33a - - - - -
CNPGLBR97 3.0 £0.00b 22+ 020a 18+ 020a 3.0+000a 32+020a 132+020a 240+ 727a 250
CNPGLBR 100 28 +0.20a 2.2+ 0.4l1a 2.0+ 040a 23+033a 3.0+000a 123+0.33a 203+ 549a -
B. brizantha 30+0.00b 25+029b 1.7+ 033a - - - - -
P 0.0001 0.002 0.009 0.014 0.159 0.000 0.003 -
F 2.279 2.232 2.006 2.018 1.374 5.042 2.397 -

Means values followed by the same letter in the column are not are not significantly different (P<0.05)

Insufficient data for analysis. Eggs/female: Insufficient number of replicate for analysis.

The nymphal stage duration of C. oleosa was
longest with genotypes CNPGL BR 06, CNPGL 43, and
CNPGL BR 58. The other genotypes (11.11%) (CNPGL
BR 29, CNPGL BR 36, and CNPGL BR 44) were
classified as intermediate (14.5 days duration), and
81.48% were observed with average values below 14.0
days for the nymphal duration, classing them as having
increased susceptibility (Table-1).

With regard to C. oleosa survival when fed on

different B. ruziziensis genotypes, no significant

differences were observed during each instar and nymphal
stage (Table-2). Genotypes CNPGL BR 7 and CNPGL BR
14 from third instar; and CNPGL BR 76, CNPGL BR 91,
and the B. brizantha cultivar from fourth instar, had a
lower insect survival, this could therefore not be included
in the statistical analysis (Table-2). Nymphal stage
survival was lower than 43% on genotypes CNPGL BR
42, CNPGL BR 70, and CNPGL BR 100. In the other
genotypes the averages were above 57.0% (Table-2).
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Table-2. Average survival (%) of the stadia and the nymphal stage of C. oleosa kept
in genotypes B. ruziziensis.

Instars Nymphal

Genotypes e > 3 70 5o stage
CNPGLBRO6 1000 + 0.0  100.0 + 0.0 857 + 14.3 833+ 167 1000 + 0.0 714 + 184
CNPGLBRO7 4280 + 202  100.0 + 0.0
CNPGLBR14 857+ 43 1000 £ 0.0 - - -
CNPGLBR21 714+ 84 1000+ 00 800+ 200 1000+ 00 1000+ 0.0 571+ 202
CNPGLBR25 714+ 184 1000+ 00 1000+ 00 1000+ 00 1000+ 0.0 714 + 184
CNPGLBR29 714 + 184 1000+ 0.0 800+ 200 1000+ 00 1000+ 0.0 571+ 202
CNPGLBR32 857+ 143 1000+ 00 1000+ 00 1000+ 00 1000+ 0.0 85.7 + 143
CNPGLBR36 714 + 184 1000+ 0.0 800+ 00 1000+ 00  1000* 0.0 57.1 % 202
CNPGLBR39 1000 + 0.0 714+ 184 1000+ 00 1000+ 00 1000 £ 0.0 714 + 184
CNPGLBR41 1000+ 00 1000+ 00 1000 % 00 857 + 143 1000 + 0.0 85.7 + 143
CNPGLBR42 1000+ 00 1000+ 00 1000 % 00 429 £ 202 1000 = 0.0 428 £ 20.2
CNPGLBR43 857 + 143 667+ 211 1000+ 00 1000+ 00 1000+ 0.0 57.1 % 202
CNPGLBR44 857 + 143 833+ 167 1000 % 00 80.0 + 200 1000 + 0.0 57.1 % 202
CNPGLBR46 714+ 184 1000+ 00 1000 % 00 80.0 + 200 1000 + 0.0 57.1 % 202
CNPGLBR49 714 + 184 1000+ 0.0 80.0 + 20.0 80.0 + 200 1000 + 0.0 57.1 % 202
CNPGLBR58 857 + 143 1000+ 0.0 833+ 167 1000+ 00  1000% 0.0 714 + 184
CNPGLBR60 1000 + 0.0 1000+ 0.0 85.7 + 14.3 833+ 167 1000 + 0.0 714 + 184
CNPGLBR63 714 + 184 1000+ 0.0 800+ 200 1000+ 00 1000+ 0.0 571+ 202
CNPGLBR70 714 + 184 1000+ 0.0 80.0 + 20.0 75.0 £ 25.0 750+ 0.0 428 £ 20.2
CNPGLBR74 1000 + 0.0 857+ 143 1000+ 00 1000 + 0.0 833 + 167 714 + 184
CNPGLBR75 857+ 143 1000 00 1000 % 00 833+ 167 80.0 + 20.0 57.1 % 202
CNPGLBR76 714+ 184 1000+ 00 1000 % 00 - - -
CNPGLBR83  100.0 + 0.0 857+ 143 1000+ 00 1000+ 00 1000+ 0.0 85.7 + 143
CNPGLBR91 714+ 184 1000+ 0.0 60.0 £ 245 - -
CNPGLBR97 714+ 184 1000+ 00 1000+ 00 1000+ 00 1000+ 0.0 714 + 184
CNPGLBR100 714 + 184 800+ 200 1000 % 00 750+ 250 1000 £ 0.0 428 £ 20.2
B. brizantha 571+ 177 1000+ 0.0 75.0 £ 24.4 - - -

P 0.498 0.296 0.722 0.251 0.636 0.975

F 0.979 1.156 0.806 1.223 0.863 0.473

Means values compared in the column are not significantly different (P<0.05).

"-" Insufficient data for analysis

Adult longevity in C. oleosa was influenced by
host-plan genotypes. Insects that fed on genotypes
CNPGL BR 06, CNPGL BR 36, CNPGL BR 46, CNPGL
BR 49, CNPGL BR 58, CNPGL BR 63, and CNPGL BR
74 had an average longevity of between 29.0 and 46.7
days, whereas for the other genotypes, we observed a
lower average (25.2 days) (Table-1). The average
longevity of males was significantly greater (33.8 days)
than females (15.7 days), regardless of the plant genotype
offered

When C. oleosa females were fed on genotypes
CNPGL BR 06, CNPGL BR 41, CNPGL BR 44, CNPGL
BR 49, CNPGL BR 60, and CNPGL BR 70, an average of
more than 52 eggs were laid. A range of 8 to 32
eggs/female where observed for insects fed on genotypes
CNPGL BR 21, CNPGL BR 32, CNPGL BR 42, CNPGL
BR 46, CNPGL BR 58, CNPGL BR 63, CNPGL BR 75,
CNPGL BR 83, and CNPGL BR 97. In 25.9% of the
genotypes (CNPGL BR 07, CNPGL BR 14, CNPGL BR
43, CNPGL BR 76, CNPGL BR 91, CNPGL BR 100) and
B. brizantha, egg number was not recorded due to lack of

C. oleosa pairs, as a result of the deleterious effects during
the nymphal stage (Table-1).

DISCUSSIONS

The rearing methods can influence the number of
instars, through factors such as nutrition and temperature,
as well as factors intrinsic to the species (Parra and
Haddad, 1989). We found no evidence that different signal
grass genotypes influenced the number of instars of C.
oleosa during development, being consistent with previous
studies on this species (Menezes, 1990; Silva et al., 1994;
Auad et al., 2011), and also for Collaria scenica fed on
either forage or wheat (Carlessi et al., 1999).

Although the plants contain all the nutritional
requirements for the development of this herbivore, the
absolute and relative amounts of nutrients can be highly
variable (Schoonhoven et al., 2005). Variation in nutrients
is most notable between different plant species, but it also
occurs within the same species as a result of genotypic
differences and environmental conditions (Behmer, 2009).
Our study found significant differences in the duration of
the first, second, and third instars of C. oleosa, as a result
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of feeding on different food sources. The lengthening of
the developmental period allows larvae to survive on poor
nutritional substrates by extending the length of the
feeding period, such that they can acquire sufficient food
to complete growth (Shafiei et al., 2001).

No significant differences were found for the
duration of fourth and fifth instars when nymphs were fed
on different signal grass genotypes, suggesting a greater
sensitivity in first, second, and third instar nymphs, where
certain plant genotypes can shorten C. oleosa
development. The influence of food quality in early instar
development has previously been reported (Scriber et al.,
1975; Slansky, 1979), indicating that experiments testing
the effects of food quality and other factors should begin
with early instars, where the effects may be greatest, due
food utilization efficiency tends to decline as the instars
progress.

The nymphal stage duration of C. oleosa was
longest in some genotypes, suggesting a lower nutritional
quality for insect development and thus resistance in these
genotypes. The other genotypes were classified as
intermediate and susceptibility. Santos et al. (2000) report
that the food source that provide shorter life cycle is
considered the best for the biological development of the
insect, so, the most suitable foods provide shorter phases
duration and increased survival, which are considered
susceptible to pests insect.

Despite no significant differences was observed
in the C. oleosa survival when fed on different B.
ruziziensis genotypes, we verified a high mortality in the
genotypes CNPGL BR 7, CNPGL BR 14, CNPGL BR 76,
CNPGL BR 91 and B. brizantha which affected the
biology of insect and prevented it from completing its life
cycle. This may have been caused due some species
accumulate high levels of compounds which function as
biochemical defences through their toxicity, or their
physical properties (Jander et al., 2001).

Adult longevity in C. oleosa was influenced by
host-plant genotypes. The influence of diet on adult
longevity has been reported in other insect species
(Pratissoli et al., 2008). The same, however, was not
verified by Auad et al. (2007) studying other
phytophagous hemipterans, spittlebugs, for which no
significant differences in longevity were found when
adults were fed on different plant cultivars.

The longevity of males was significantly greater
than females, regardless of the plant genotype offered,
suggesting that this difference may be a biological
characteristic of the species. Male longevity is greater than
females has been shown in other bugs (Sulbaran and
Chaves, 2006), and this may occur as a result of a trade-off
between reproduction and longevity (Sulbaran and
Chaves, 2006; Reznick, 1985), indicating a cost of
reproduction. Longevity may also be related to abiotic
factors to which the insects are exposed (Lira and Batista,
2006).

The fecundity of C. oleosa could be related to the
nutritional quality of host-plant in the nymphal and/or
adult stage, and our result corroborates those observed by

Parra (1991) and Carvalho and Souza (2000) who reported
that the quality of food provided during the immature
stages can effect of the biology of the adult stage. This
implies that food substrate can have a deleterious effect on
the fecundity of C. oleosa.

Our results indicate that certain genotypes
represent poorer nutritional substrates for the C. oleosa
adults. Johansson (1964) and Santos et al. (2005) reported
that reproductive parameters such as egg production can
be influenced by physical or chemical differences in the
diet, or the amount ingested during the larval stage. A
range of 8 to 32 eggs/female where observed for insects
fed on some genotypes; this implies that food substrate can
have a deleterious effect on the fecundity of C. oleosa, and
suggests that these genotypes may be promising
candidates for reducing population peaks in subsequent
generations of C. oleosa. However in 25.9% of the
genotypes (CNPGL BR 07, CNPGL BR 14, CNPGL BR
43, CNPGL BR 76, CNPGL BR 91, CNPGL BR 100) and
B. brizantha, egg number was not recorded due to lack of
C. oleosa pairs, as a result of the deleterious effects during
the nymphal stage. These genotypes were selected as
having affected the biology of C. oleosa, and would be
suitable for breeding programs seeking desirable
agronomic characteristics for resistance to insect pests

The effect of Brachiaria genotype on the duration
of each instar, nymphal stage, adult longevity, and
oviposition suggests the existence of variability in C.
oleosa resistance among the genotypes tested. Our result
agrees with Panizzi and Parra (1991), who report that the
quantity and quality of food consumed by insects during
the nymphal stage can affect growth rate, development
time, insect weight, survival, fecundity, and longevity. In
addition, insects that feed on resistant plants may become
less active and weak, making them more susceptible to
environmental changes, predators, and insecticides
(Pathak, 1970).

Here, we have selected 25.9% of the tested signal
grass genotypes as suitable candidates for breeding
programs for signal grass resistance to C. oleosa. Given
that there are currently no alternative control strategies, we
believe our results will be a breakthrough in the
management of this insect pest.

ACKNOWLEDGEMENTS

We thank the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq, Brazil)
and Fundacdo de Amparo a Pesquisa do Estado de Minas
Gerais (FAPEMIG, Brazil) for supporting our research.

REFERENCES

Auad A. M., Pimenta D. S., Silva D. M., Monteiro P. H.
and Resende T. T. 2011. Collaria oleosa (Hemiptera:
Miridae) on Brachiaria ruziziensis and Penissetum
purpureum (Poaceae): characterization of injury and
biological aspects. Revista Colombiana de Entomologia.
37: 80-81.

389



VOL. 8, NO. 5, MAY 2013

ISSN 1990-6145

ARPN Journal of Agricultural and Biological Science

=
©2006-2013 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

Auad A. M., Simdes A. D., Ferreira R. B., Braga A. L. F.,
Oliveira S. A.,, Amaral R. L. and Souza L. S. 2007.
Longevidade e fertilidade de Mahanarva liturata
(Lepeletier and Serville, 1825) alimentados de diferente
cultivares de capim-elefante. Anais do VIII Congresso de
Ecologia do Brasil. Caxambu, Brasil.

Barboza M. R. 2009. Collaria scenica (Stal, 1859)
(Hemiptera: Miridae) em poaceas hibernais na regido
centro sul do Parana: Biologia e Danos. Dissertacdo
Mestrado em Producéo Vegetal, Universidade Estadual do
Centro Oeste, Brasil.

Behmer S. T. 2009. Insect herbivore nutrient regulation.
Annual Review of Entomology. 54: 165-187.

Carlessi L. R. G., Corseuil E. and Salvadori J. R. 1999.
Aspectos bioldgicos e morfométricos de Collaria scenica
(Stal) (Hemiptera: Miridae) em trigo. Anais da Sociedade
Entomoldgica do Brasil. 28: 65-73.

Carvalho C. F. and Souza B. 2000. Métodos de criacdo e
produgdo de crisopideos. In: Controle biolégico de pragas:
produgdo massal e controle de qualidade, 91-109 (Ed V.
H. P. Bueno ). Universidade Federal de Lavras.

Instituto Brasileiro de Geografia e Estatistica (IBGE
2006). Censo Agro. Disponivel em: <
http://www.ibge.gov.br> acesso em janeiro de 2012.

Jander G., Cui J. P., Nhan B., Pierce N. E. and Ausubel F.
M. 2001. The TASTY locus on chromosome 1 of
Arabidopsis affects feeding of the insect herbivore
Trichoplusia ni. Plant Physiology. 126: 890-898.

Johansson A. S. 1964. Feeding and nutrition in
reproductive processes in insects. Symposium of the Royal
Entomological Society of London. 2; 43-55.

Lira R. S. and Batista J. L. 2006. Aspectos biologicos de
Chrysoperla externa alimentados com pulgbes de erva-
doce. Revista de Biologia e Ciéncias da Terra. 6: 20-35.

Menezes M. 1990. Collaria oleosa (Distant, 1883)
(Hemiptera: Miridae), nova praga de gramineas forrageiras
no Sudeste da Bahia, Brasil. Agrotropica. 2: 113-118.

Panizzi A. R. and Parra J. R. P. 1991. Ecologia nutricional
de insetos e suas implicacBes no manejo de pragas. Séo
Paulo: Manole.

Parra J. R. P. 1991. Consumo e utilizagdo de alimentos por
insetos. In: Ecologia nutricional de insetos e suas
implicacBes no manejo de pragas, 9-57 (Eds A. R. Panizzi
and J. R. P. Parra). Sdo Paulo: Manole.

Parra J. R. P. and Haddad M. L. 1989. Determinacgdo do
nimero de instares de insetos. Fundacdo de Estudos
Agrarios Luiz de Queiroz, Piracicaba.

Pathak M. D. 1970. Genetics of plants in pests
management. In: Concepts of pest management. R. L Rabb
and E. F. Guthrie (Eds.). State University: Raleigh. pp.
138-157.

Pratissoli D., Polanczyk R. A., Holtz A. M., Tamanhoni
T., Celestino F. N. and Borges Filho R. C. 2008.
Influéncia do substrato alimentar sobre o desenvolvimento
de Diaphania hyalinata L. (Lepidoptera: Crambidae).
Neotropical Entomology. 37: 361-364.

Reznick D. 1985. Costs of reproduction: an evaluation of
the empirical evidence. Oikos. 44: 257-267.

Santos G. P., Zanuncio T. V. and Zanuncio J. C. 2000.
Desenvolvimento de  Thyrinteina arnobia  Stoll
(Lepidoptera: Geometridae) em folhas de Eucalyptus
urophylla e Psidium guajava. Anais da Sociedade
Entomoldégica do Brasil. 29: 13-22.

Santos K. B., Meneguim A. M. and Neves P. M. O. J.
2005. Biologia de Spodoptera eridania (Cramer)
(Lepidoptera: Noctuidae) em diferentes hospedeiros.
Neotropical Entomology. 34: 903-910.

Schoonhoven L. M., Van Loon J. J. A. and Dicke M.
2005. Insect-plant biology. Oxford: University Press.

Scriber J. M., Tingey W. M., Gracen V. E. and Sullivan S.
L. 1975. Leaf-feeding resistance to the European corn
borer in genotypes of tropical (low-DIMBOA) and U.S.
Inbred (high-DIMBOA) maize. Journal of Economic
Entomology. 68: 823-826.

Shafiei M., Moczek A. P. and Nijhout H. F. 2001. Food
availability controls the onset of metamorphosis in the
dung beetle  Onthophagus taurus (Coleoptera:
Scarabaeidae). Physiological Entomology. 26: 173-180.

Silva D. B., Alves R. T., Ferreira P. S. F. and Camargo A.
J. A. 1994. Collaria oleosa (Distant, 1883) (Heteroptera:
Miridae), Uma Praga Potencial na Cultura do Trigo na
Regido dos Cerrados. Pesquisa Agropecudria Brasileira.
29: 2007-2012.

Slansky F. Jr. 1979. Effect of the lichen chemicals
atranorin and vulpinic acid upon feeding and growth of
larvae of the yellow-striped armyworm, Spodoptera
ornithogalli. Environmental Entomology. 8: 865-868.

Sulbaran J. E. and Chaves L. F. 2006. Spatial complexity
and the fitness of the kissing bug Rhodnius prolixus.
Journal of Applied Entomology. 130: 51-55.

Timossi P. C., Durigan J. C. and Leite G. J. 2007.

Formagdo de palhada por braquidrias para adogdo do
sistema plantio direto. Bragantia. 66: 617-622.

390



