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AGRONOMY (AGRONOMIA)

ABSTRACT: The objective of this study is to evaluate the biological development of the chinch bug, Blissus pulchellus regarding 
the resistance of the eight forage poaceae. For that, chinch bugs collected from a pasture area, in Boa Vista, Roraima, Brazil, 
were taken to the Embrapa Roraima Entomology Laboratory for evaluation. The mass breeding of B. pulchellus was carried 
out in B.O.D., on Urochloa ruziziensis and the biological development evaluation was carried out on eight forage poaceae: 
Urochloa ruziziensis, U. humidicola, U. brizantha cv. Marandú, U. brizantha cv. Piatã, U. brizantha cv. Paiaguás, Panicum 
maximum cv. Mombaça, P. maximum cv. Zuri and Andropogon gayanus. The results obtained allowed us to conclude that: a) 
A. gayanus, P. maximum cv. Zuri and U. humidicola, negatively affect the biology of B. pulchellus; b) A. gayanus, P. maximum 
cv. Zuri present high and moderate resistance U. humidicola, of the type antibiosis to B. pulchellus and c) Urochloa ruziziensis, 
U. brizantha cv. Paiaguás and U. brizantha cv. Piatã, have high grade and P. maximum cv. Mombasa and U. brizantha cv. 
Marandú, less susceptibility to B. pulchellus.
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Aspectos biológicos de Blissus pulchellus Montadon (Hemiptera: Blissidae) 
quanto à resistência de poáceas forrageiras

RESUMO: Objetivou-se com o presente estudo foi avaliar o desenvolvimento biológico do percevejo-das-gramíneas, Blissus 
pulchellus quanto à resistência de oito poáceas forrageiras. Para tanto, percevejos foram coletados de uma área de pastagem, 
em Boa Vista, Roraima, Brasil, e conduzidos ao Laboratório de Entomologia da Embrapa Roraima. A criação de B. pulchellus 
foi realizada em B.O.D., sobre Urochloa ruziziensis e a avaliação do desenvolvimento biológico foi realizada em oito poáceas 
forrageiras: Urochloa ruziziensis, U. humidicola, U. brizantha cv. Marandú, U. brizantha cv. Piatã, U. brizantha cv. Paiaguás, 
Panicum maximum cv. Mombaça, P. maximum cv. Zuri e Andropogon gayanus. Os resultados obtidos perrmitiram concluir 
que: a) A. gayanus, P. maximum cv. Zuri e U. humidicola, afetam negativamente a biologia de B. pulchellus; b) A. gayanus, 
P. maximum cv. Zuri apresentam alta e U. humidicola moderada resistência, do tipo antibiose a B. pulchellus; e, c) Urochloa 
ruziziensis, U. brizantha cv. Paiaguás e U. brizantha cv. Piatã, apresentam alto grau e P. maximum cv. Mombaça e U. 
brizantha cv. Marandú, menor grau de suscetibilidade a B. pulchellus. 
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Introduction
Bed bugs of the genus Blissus, also known as the 

Grasshopper, have a wide geographic distribution and are 
found in many different regions of the world, with the 
exception of Australia (Spike et al., 1993). They are specialized 
on poaceae and many of them are considered important pests 
on crops of corn (Zea mays), wheat (Triticum spp. L.), sorghum 
(Sorghum bicolor), forage species and turfgrass (Ramm et al., 
2015). 

In Brazil, so far, only four species of grasshoppers, Blissus 
busq, Blissus antillus, Blissus leucopterus, and Blissus pulchellus 
(Hemiptera: Blissidae) have been recorded as occurring in the 
country (Pereira & Silva, 1988; Valério et al., 2015; Simon et. 
al., 2016). Infestations are distributed mainly in the Southeast 
and Midwest regions, where the insects are almost exclusively 
associated with tanner grass (Urochloa arrecta), ragweed (U. 
mutica), and ragweed (U. arrecta × U. mutica) (Ohashi et al., 
1980; Valério et al., 2015).

In the North region, in the State of Roraima, in 1995, 
the species B. leucopterus was found infesting the rice crop 
(Oryza sativa) (Moreira, 1996) and in 2016, B. pulchellus was 
observed causing severe damage in Urochloa brizantha and 
Panicum maximum cv. Mombaça (Simon et. al., 2016), this 
being the first report of B. pulchellus in Brazil (Silva, 2018).

The damage caused by bed bugs in forage plants results 
from the feeding of the nymphs and adults, which insert their 
stylus-like mouthparts into the conducting vessels, sucking up 
the liquid portions, and injecting harmful toxins. By destroying 
the vessels, they hinder the transport of water and nutrients 
causing water imbalance and, even in periods with high 
rainfall, the plants wither, bringing serious damage to the 
maintenance of pastures (Rangasamy et al., 2009; Rangasamy 
et al., 2015).

To circumvent economic losses, studies on forage species 
resistance to insect pests have been widely practiced, 
mainly due to the environmental approach that guides the 
integrated management, valuing the biological, genetic and 
cultural control (Cao et al., 2015). According to Boiça Júnior 
et al. (2016) forage insect resistance is mainly associated with 
genetic quality mechanisms, which influence the degree of 
injury caused during feeding. When chemical mechanisms, 
present in the plant, negatively affect the biology of the insect, 
without interfering in its feeding behavior, one can claim the 
existence of antibiosis type resistance (Liu et al., 2017; Wu et 
al., 2017).

The selection of plants/varieties resistant to insects by 
antixenosis and/or antibiosis, can be interpreted by means 
of insect responses to them, leading in turn to difficulties in 
isolating the causes of resistance (Baldin et al., 2019). However, 
studies have been developed seeking the identification and 
recommendation of materials resistant to the wireworm bug.

Milla-Lewis et al. (2017) evaluating the biological 
development of grasshopper bugs on four cultivars of 
Stenotaphrum secundatum (Bitter Blue, Floratam, FX-10, and 
Seville) and on three other poaceae (Paspalum notatum, 

Cynodon dactylon, and Emochloa ophiuroides), observed 
lower oviposition and insect survival rates on the FX-10 
cultivar, classifying it as resistant. The same authors also 
considered a poacea resistant when the mortality rates of 
nymphs and adults were greater than 39.2%.

The surveys conducted by Baker et al. (2008), Vázquez 
et al. (2010) and Milla-Lewis et al. (2017), provided the 
accumulation of relevant information regarding the biological 
development of bed bugs of the genus Blissus, in forage 
poaceae, such as duration of the nymphal stage, life cycle 
length and survival rate. However, it is known that such 
biological aspects can vary according to the pest species, the 
host plant, and the local climatic conditions. So far there are 
no records in the literature on the biological aspects of the 
grasshopper bug B. pulchellus in Brazil, nor information on the 
main forage hosts and control methods.

In this sense, the objective of the present study is to 
evaluate the biological development of the grasshopper bug, 
B. pulchellus, regarding the resistance of eight forage plants.

Materials and Methods
The study was conducted at the Entomology Laboratory 

of Embrapa Roraima, during the period from May 2017 to 
October 2018, located at 2º 45’ 27.0” N and 60º 43’ 52.7” O.

Bed bug breeding 
The initial population of blissid bugs in the laboratory was 

obtained from insects originating from infested clumps of 
Urochloa ruziziensis, brought from the field, and sent to the 
breeding room of the Entomology Laboratory of Embrapa 
Roraima and identified by Dr. Thomas Henry (USDA), where 
they were used for breeding and conservation of 50 specimens 
in 70% alcohol.

We individualized 36 couples of B. pulchellus, third 
generation (F3) according to (Valério et al, 2015), in acrylic Petri 
dishes (6.0 cm diameter × 2.0 cm high), lined with moist paper 
and parts of stem and sheathed leaves, cut three centimeters 
above the limb of U. ruziziensis, which were previously 
immersed in 1% sodium hypochlorite solution for 10 min, 
followed by washing in distilled water. Every day the plant 
material was replaced by another, and the eggs originating 
from the spawning of the females were removed with the help 
of a brush, disinfected in 2% sodium hypochlorite solution for 
five minutes, washed in distilled water under a “voal” type 
sieve, counted and dated in spreadsheets and transferred to 
other Petri dishes until the hatching of the nymphs, to be used 
in the study (Brundage et al., 2016).

All Petri dishes were placed in a B.O.D. (Biochemical 
Oxygen Demand) chamber under controlled conditions of 
temperature (27 ± 5 oC), relative humidity (60 ± 10%) and 
photophase of 12:12 hours (light:dark).

Host plants
The forage crops used - Urochloa ruziziensis (Ruziziensis), 

Urochloa humidicola (Humidicola), Andropogon gayanus 
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(Andropogon), Panicum maximum cv. Mombaça (Mombaça), 
Panicum maximum cv. Zuri (Zuri), Urochloa brizantha cv. 
Marandú (Marandú), Urochloa brizantha cv. Piatã (Piatã), 
and Urochloa brizantha cv. Paiaguás (Paiaguás), were sown 
individually in plastic containers (17.0 × 8.0 cm), prepared 
with a substrate based on soil, sand and bovine manure, in 
a proportion of 1:1:1 v/v. The forage plants were planted 
weekly, and 15 days after emergence (DAE) were used to 
obtain tender plant parts (leaves and stem) to feed the insects 
during the study. The containers with the plants were watered 
daily according to field capacity and fertilized with 10 g of 
N-P-K (10-12-10).

Insect biology
The trial was conducted in B.O.D., under conditions 

similar to those described for pest insect rearing. The 
treatments consisted of the eight forage species mentioned 
above, arranged in an entirely randomized design, with 100 
repetitions, where each repetition was represented by an 
individual nymph in a Petri dish, fed with one of the forage 
species under test, according to the methodology used in 
breeding.

Nymphal stage
The nymphs were monitored daily until the emergence of 

adults, to record the viability (total initial nymph - total dead), 
number and duration of instars (number of times that there 
was a change of exoskeletons and the period between one 
phase and another), which was done through observation and 
collection of the exuvia (Valério et al., 2015).

Adult phase
After the emergence of the adults, they were sexed to 

form couples of the same age, which were individualized in 
Petri dishes, and remained together until the death of the 
female. It is worth noting that in the case of early death of the 
male, it was replaced by another of the same age.

Petri dishes with the B. pulchellus pairs and the forage 
under test were monitored daily to obtain the duration of 
the pre-reproductive, reproductive and post-reproductive 
periods of the females, as well as the longevity of adults and 
the biological cycle. 

Embryonic phase
The eggs from the spawning females were collected 

and quantified to determine fecundity (number of eggs 
per female), duration of the embryonic period (incubation 
period), and egg viability (total number of hatched nymphs - 
total number of eggs).

Statistical analysis
The data were submitted to normality (Shapiro-Wilk) and 

homogeneity (Hartley) variance tests, and when normal and 
homogeneous, were submitted to variance analysis with the 
application of the F test at 5% probability. Comparison of 
averages was performed by Tukey test at 5% probability using 
R software (R Development Core Team, 2018).

Results and Discussion
Biological parameters of the nymphal stage

Through the evaluation of the nymphal development of 
B. pulchellus it was possible to verify the occurrence of five 
instars and the duration period of each one (Table 1). The 
occurrence of five stages is in agreement with that observed 
in other species of the genus Blissus, such as B. leucopterus 
hirtus, B. arenarius arenarius, B. arenarius maritimus, B. 
insulares, B. barberi, B. breviusculus, B. sweeti, B. nanus, and 
B. minutus (Ohashi et al., 1980; Vásquez & Sánchez, 1992; 
Baker et al., 2008). However, Kerr (1966), studying the biology 
of B. leucopterus, found six and seven nymphal instars, this 
being the only mention of the occurrence of more than five 
instars for Blissus species.

The first, second and fifth instars had the longest duration, 
especially the first, in all forage species/cultivars, while the 
fourth instar was the one with the shortest duration (Table 1). 
Similar results have been obtained in studies of the nymphal 
stage of B. leucopterus, although the duration time of each 
instar was shorter (Ohashi et al., 1980; Vásquez & Sánchez, 
1992).

The average time required for the nymphal development of 
B. pulchellus ranged from 36.9 ± 0.34 to 56.5 ± 0.55 days. The 
average length of each instar, as well as the nymphal period, 
were significantly longer in P. maximum cv. Zuri, U. humidicola, 
and A. gayanus when compared to the values observed in U. 

Averages followed by the same letter do not differ by Tukey test at 5% probability.

Table 1. Duration (average ± standard error) of nymphal developmental stages of the grasshopper bug (Blissus pulchellus) fed 
on eight forage species/cultivars.
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brizantha cv. Piatã, U. brizantha cv. Paiaguás, and U. ruziziensis 
(Table 1). It is important to point out that the prolongation 
in the development of the nymphal stage observed, may 
indicate the presence of a strong effect of antibiosis and/or 
antixenosis factor(s) present in these forages, which need to 
be further elucidated.

Work with Bed Bugs of the genus Blissus has shown that 
feeding has a strong influence on nymphal development, 
which is in agreement with the findings of this article. Ohashi 
et al. (1980) found that the duration of the nymphal stage 
of B. leucopterus, was 70 days when fed on U. arrecta. The 
average values obtained in U. brizantha cvs. Paiaguás (39.0 ± 
0.37 days), Piatã (36.9 ± 0.34 days), and U. ruziziensis (40.6 ± 
0.43 days), are close to those observed by Baker et al. (2008) 
and Vázquez et al. (2010), in studies with B. leucopterus fed 
on forage poaceous plants, who found duration between 35.5 
and 37.0 days, respectively.

The percentage survival of B. pulchellus nymphs varied 
among forages throughout the evaluation period (Figure 1). 
Observing the graph, one can see a high mortality rate of the 
nymphs, mainly fed with A. gayanus and P. maximum cv. Zuri, 
indicating the existence of one or more resistance factors 
present in them. 

At the end of the nymphal stage, the lowest survival rates 
occurred in Zuri (17.0%) and Andropogon (19.0%), followed 
by Humidicola (56.0%). While the highest were obtained in 
Piatã (78.0%) and Ruziziensis (72.0%) (Figure 2). According 
to Rangasamy et al. (2009) species that provide survival 
rates above 50% are considered susceptible to grass bugs, 
reinforcing the position of Zuri and Andropogon as resistant 
materials.

The high survival rates (above 70%) observed in Ruziziensis 
and Piatã were similar to that obtained by Vázquez et al. 
(2010) in B. insularis fed on Stenotaphrum secundatum, with 
76% survival of the nymphs.

The low percentage of insect survival in the immature 
stage, has been one of the most used parameters to classify 
a plant species as resistant, and this may be associated with 
the presence of antixenosis and/or antibiosis factors (Baldin 
et al., 2019). 

Generally when survival is low, there is a strong indication 
of antibiosis occurring (Milla-Lewis et al., 2017). According 
to Rangasamy et al. (2009), the resistance of forage species 
to grasshopper bug attack is directly related to the presence 
of organic compounds in the tissues, such as cellulose, 
hemicellulose, and phenolic compounds. This could possibly 
explain the higher resistance in Zuri and Andropogon to B. 
pulchellus.

Biological parameters of the adult phase
The pre-reproductive period was longer in the forages P. 

maximum cv. Zuri and A. gayanus, with 7.3 ± 0.66 and 8.5 ± 
0.65 days, respectively, but did not differ from U. humidicola 
with 6.4 ± 0.32 days (Table 2). These values are in agreement 
with those observed by Vásquez and Sánchez (1992) of 7.6 
days in B. leucopterus.

For insects, starting the reproductive phase in the first days 
of adulthood, and having a shorter pre-reproductive period, 
can be considered advantageous and desirable, because 
it increases the probability of perpetuation of the species. 
Thus, the fact that A. gayanus and P. maximum cv. Zuri, have 
promoted an extension of the pre-reproductive period, linked 
to a significant reduction of the reproductive period in the 
same forages (33.5 ± 0.47 and 32.3 ± 2.16 days, respectively), 
close to 10 days, compared to the forages, U. brizantha cvs. 

*: Biological cycle = incubation period + nymphal stage + longevity of female. Averages followed by the same letter do not differ by Tukey’s test at 5% probability.

Table 2. Duration (average ± standard error) of the pre-reproductive, reproductive and post-reproductive periods, longevity, 
biological cycle and fecundity of female grasshopper bugs (Blissus pulchellus) fed on eight forage species/cultivars.

Figure 1. Percentage of survival of grass bug nymphs (Blissus 
pulchellus) fed on eight forage species for 34 days (time that 
referred to the lowest nymphal stage observed).
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Marandú (44.3 ± 0.59 days), Paiaguás (44.1 ± 0.059 days), 
Piatã (43.8 ± 0.36 days), and U. ruziziensis (43.0 ± 0.55 days), 
may indicate the presence of antibiosis factors.

The post-reproductive period B. pulchellus was short, 
ranging from 1.4 ± 0.16 to 2.9 ± 0.24 days, with an emphasis 
on U. humidicola, whose mean differed significantly from P. 
maximum cv. Mombasa and U. brizantha cv. Piatã (Table 2).

The longevity of females, obtained from the sum of the pre-
reproductive, reproductive and post-reproductive periods, 
ranged from 41.0 ± 1.98 to 51.4 ± 0.58 days, with distinction 
for P. maximum cv. Zuri, U. humidicola, and A. gayanus, 
whose means were statistically different from the forages (F 
= 10.71, p < 0.0001) P. maximum cv. Mombaça, U. brizantha 
cvs. Marandú, Paiaguás, and Piatã, which presented the 
greatest longevity and supposedly offered the best nutritional 
conditions for the blissids. According to Wu et al. (2017), stress 
caused in forage plants by sucking insects causes an increase 
in the concentration of soluble nitrogen in the tissues, leading 
to increased growth and reproduction of the insects.

The duration of the biological cycle of B. pulchellus on 
forage crops ranged from 98.7 ± 0.69 to 109.5 ± 1.01 days, 
with shorter duration in U. brizantha cv. Piatã, U. brizantha 
cv. Paiaguás, and U. brizantha cv. Marandú and longer in P. 
maximum cv. Mombasa, A. gayanus, P. maximum cv. Zuri, and 
U. humidicola (Table 2). According to Grisoto et al. (2018), 
insects fed on resistant plants tend to have longer biological 
cycle length, which is increased mainly, by increasing the 
nymphal stage. 

The fecundity of B. pulchellus females showed marked 
variation among forage species tested, with the lowest mean 
number of eggs per female in P. maximum cv. Zuri (24.0 ± 2.50) 
and A. gayanus (26.4 ± 4.30) eggs, followed by U. humidicola 
(52.2 ± 3.45), which were statistically different from the values 
recorded in the forage cultivars U. brizantha cv. Piatã (142.1 ± 
3.92) and Paiaguás (123.9 ± 3.19), and U. ruziziensis (110.3 ± 
3.11) (Table 2). 

The reduced fecundity observed by females of B. pulchellus 
fed on P. maximum cv. Zuri, and A. gayanus, compared to 
the other forages studied, reflects an intense presence of 
antibiosis factors, which may be associated with the existence 
in these plants of nutritional and/or allomonal improprieties 
of antibiotic action, which will act negatively on the physiology 
and biology of insects (Liu et al., 2017; Wu et al., 2017).    

A plant expresses antibiosis-type resistance when insects 
when feeding normally on it experience adverse effects on its 
biology, and among other things, reduced fecundity, increased 
length of the developmental period, decreased adult longevity, 
and elevated mortality rate may occur (Baldin et a., 2019).

Biological parameters of the embryonic phase
The incubation period ranged from 10.3 ± 0.27 to 11.3 ± 

0.25 days, but there was no significant difference between 
the species (Table 3). Although the length of this period 
is one of the least important characteristics for resistance 
characterization, there is a tendency for eggs from insects 
reared on hosts with antibiosis-type resistance to have their 

incubation period increased and viability decreased (Grisoto 
et al., 2018).

As for egg viability, it was observed that P. maximum cv. 
Zuri, A. gayanus, and U. humidicola were the forages that least 
favored the hatching of nymphs, while U. brizantha cv. Paiaguás 
and U. brizantha cv. Piatã were responsible for the highest 
values, with 107.6 ± 3.30 and 120.8 ± 3.58 nymphs, respectively 
(Table 3). This viability response was directly proportional to 
the fecundity of the females (Table 2), since the greater number 
of eggs implied a greater number of nymphs. 

Therefore, considering the results obtained in this study, 
the species A. gayanus and P. maximum cv. Zuri, at a higher 
degree and U. humidicola, at a moderate degree for some 
biological parameters, in relation to B. pulchellus, behaved as 
resistant when compared to the other forages, in this case, 
susceptible, P. maximum cv. Mombaça, U. brizantha cvs. 
Marandú, Paiaguás, Piatã, and U. ruziziensis. 

Furthermore, based on the adverse effects observed 
on the biology of B. pulchellus, that is, low fecundity of 
females, reduced viability of eggs, high mortality, longer 
duration of the nymphal stage, shorter reproductive period 
and lower longevity of females, it was possible to state that 
this resistance is of the antibiosis type, and the possibility 
of antixenosis cannot be ruled out, since biophysical and/or 
biochemical antixenotic factors can make plants less suitable 
for feeding, negatively affecting the survival of the nymphs.

Conclusions
Andropogon gayanus, Panicum maximum cv. Zuri, and 

Urochloa humidicola, negatively affect the biology of Blissus 
pulchellus, causing prolongation of the nymphal period, high 
mortality of nymphs, reduced reproductive period, lower 
longevity of females, low fecundity, and low viability of eggs. 

Andropogon gayanus, Panicum maximum cv. Zuri 
show high and Urochloa humidicola moderate antibiosis 
type resistance to Blissus pulchellus, and the possibility of 
antixenosis cannot be ruled out.

Urochloa ruziziensis, Urochloa brizantha cv. Paiaguás, 
and Urochloa brizantha cv. Piatã, show a high degree of 
susceptibility and P. maximum cv. Mombaça and U. brizantha 

Table 3. Values (average ± standard error) of incubation period 
length and viability of grasshopper (Blissus pulchellus) eggs 
fed on eight forage species/cultivars.

*: Hatched nymphs. Averages followed by the same letter do not differ by Tukey test at 
5% probability.
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cv. Marandú, a lower degree of susceptibility to Blissus 
pulchellus.
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