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Abstract: The Brazilian poplar moth is the most important pest of poplar plantations in Brazil. This research evaluated the effect of 
Beauveria bassiana Bals. (Vuill.) on the mortality and development of Condylorrhiza vestigialis Guen. (Lepidoptera: Crambidae). The aim 
was to develop alternative methods for management of this pest. The pathogens were sprayed on poplar leaves and .consequently, the 
pathogens reached the caterpillars. Bacillus thuringiensis var. kurstaki Berliner was sprayed as the standard treatment. The spray for the 
control was distilled water. Both pathogens B. bassiana and B. thuringiensis affected insect development with increase mortality at each 
stage of the insect cycle, reaching a satisfactory control level. Microbial control of Brazilian poplar moth with B. bassiana is promising. 
Tests with other strains and species of pathogens, mainly under field conditions, were also encouraging. This is the first report about 
the action of B. bassiana against C. vestigialis.
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INTRODUCTION
Poplar plantations (Populus spp.) are developing in 

South America especially in Argentina which has the 
largest planted area with 65,000 ha, followed by Chile 
with 6,000 ha (Casaubon et al. 2002; Partarrieu 2010). In 
Brazil, the crops are spreading in the southern  part of 
the state of Parana and the northern part of the state of 
Santa Catarina, mainly with the species Populus deltoides 
Marsh with approximately 5,000 ha planted. The aim of 
these plantations is to supply wood for the manufacture 
of matchsticks, and laminates in general (Otto et al. 2007).

Among the factors that affect the Brazilian poplar 
production are the damage caused by the defoliating 
caterpillar Condylorrhiza vestigialis Guen. (Lepidoptera: 
Crambidae) known as the Brazilian poplar moth; the 
most important pest of crop (Marques et al. 1995; Diodato 
and Pedrosa-Macedo 1996). In the larval stage C. vestigia-
lis can cause up to 100% defoliation in plantations with 
two years old, affecting significantly the diameter plant 
growth in subsequent years. The attacks are primarily 
from December to March, which coincides with the peri-
od of the greatest vegetative growth of plants in the South 
American continent (Diodato 1999). Actually, the control 
of this pest is basically done with synthetic insecticides, 
mainly from the pyrethroids group. However, due to de-
veloping resistance in the lowland where poplar is cul-
tivated, it is necessary to search for alternative methods 
of control. Research must be done to find solutions that 
are not environmentally harmful. The goal is to decrease 

or replace synthetic insecticides. Accordingly, studies 
with the entomopathogenic virus Condylorrhiza vestigia-
lis multiple nucleopolyhedrovirus (CvMNPV) are underway 
and have shown promising results (Castro et al. 2004; Al-
meida et al. 2007; Almeida et al. 2008a; Castro et al. 2009). 
Additionally, insecticide based on Bacillus thuringiensis is 
registered for controlling this pest in Brazil. At the same 
time, there has been little research on entomopathogenic 
fungi related to controlling C. vestigialis. The forestry sec-
tor, however, has had several cases of success in the man-
agement of other pests with these organisms (Inglis et al. 
2001; Neuenschwander et al. 2003; Almeida et al. 2008b). 
The fungus Beauveria bassiana is widely used to control 
pests and provides a basis for the making of a large num-
ber of mycoinsecticides (Inglis et al. 2001; Hajek and St. 
Leger 1994; Wraight et al. 2001). Based on such results, 
this study evaluated the fungus’ effect on the mortality 
and development of C. vestigialis,  with the aim of devel-
oping an alternative method for managing this pest.

MATERIALS AND METHODS

Insects
The experiment was carried out with second instar 

larvae of C. vestigialis obtained from mass rearings main-
tained by the company Swedish Match do Brasil S.A. For 
bioassay, the larvae were removed from an artificial diet 
and separated into plastic cups with four larvae  each, 
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where they remained without food for 8 h. The cups had 
a capacity of 80 ml and each cup had a screw cap with 
a hole approximately 2 mm in diameter to allow aeration. 
During rearing and bioassay the insects were kept in an 
incubation chamber; temperature 25±1°C, 75±5% RH, and 
12:12 h photoperiod.

Bioassay protocol
Leaves of P. deltoides were sprayed with commercial 

formulations of B. bassiana, strain IBCB 66 (Toyobo do 
Brasil – concentration 1.0x1010 viable conidia/g) at dosag-
es of 20, 50, 100 and 200 grams of the commercial product 
c.p./ha in a spray tower. As the standard treatment, leaves 
were sprayed with B. thuringiensis (Dipel WP, Sumitomo 
Chemical do Brasil) at a dosage of 500 g c.p./ha. For the 
control, distilled water was used. The spray volume of 
commercial formulations was equivalent to 150 l/ha + 
Tween 20 (0.02%). For each treatment, ten poplar leaves 
obtained from seedlings grown in a vase were chosen. 
After spraying, leaves were placed to dry naturally and 
then given to the insects in the cups; there was a total of 
ten (replicates) per treatment. The insects were exposed 
to leaves for 48 h. Later, the treated leaves were discarded 
and replaced by fresh leaves without treatment.

The mortality of C. vestigialis was recorded seven 
days after spraying (DAS), on larvae that did not trans-
formed in pupa, on the pupae, and on the total mortal-
ity (accumulated during all stages). Surviving worms 
transformed into pupa, were placed individually in pe-
tri dishes (30 mm diameter) until moth emergence. This 
procedure was done to observe the effect of insecticides 
on this stage. The dead insects from the B. bassiana treat-
ment, were removed to a moist chamber for verification 
of pathogen growth. 

Data analysis 
Mortality rates were transformed in arcsine square-

root and submitted to analysis of variance (ANOVA) 
with means of treatments compared by Tukey’s HSD test  

(p < 0.05). The duration of the pupal stage was analyzed 
by polynomial regression (p < 0.05) because emergence of 
moths only occurred on treatments with B. bassiana. For 
regression analysis, the average of treatments, including 
the control, were submitted to ANOVA.

RESULTS AND DISCUSSION 
The fungus B. bassiana was pathogenic to poplar 

moth. The fungus developed on the host making it pos-
sible to watch the pathogen growth; the symptom known 
as white muscardine (Zimmermann 2007). Observation 
of the growth was very interesting for those in integrat-
ed pest management. The sporulation of the pathogen 
on the host contributes to the maintenance of inoculum 
and spread of the disease, optimizing control. Also, the 
sporulation of entomopathogenic fungi and epizootic 
potential are desirable characteristics for microbial prod-
ucts (Charnley 1997). Larvae killed by B. thuringiensis ac-
tion showed the characteristic symptoms of this disease, 
such as flaccid body and blackened tegument (Polanczky  
et al. 2008). No mortality was recorded in the control 
treatment.

At 7 DAS, B. thuringiensis caused the highest rate of 
larval mortality (56.9%). B. bassiana showed low larval 
mortality with only 26.3%, at a dosage of 200 g c.p./ha and 
this dosage did not differ from the other doses of fungus 
and the control (Table 1). Besides the low initial mortality, 
the majority of the surviving larvae treated with B. bassi-
ana that could turn into pupae, also did not differ from the 
control treatment, where all the insects pupate. However, 
the fungus affected the emergence of moths causing the 
death of 42.7% pupae and cumulative mortality of 64.6% 
at the highest dose, reaching a satisfactory level. Similarly, 
B. thuringiensis undertook further development killing 
all insects during the pupal stage. It is understood there-
fore, that the pathogens (especially B. bassiana) were less 
lethal to larvae of C. vestigialis, but undertook insect biol-
ogy probably due to disturbances in the feeding process. 

Table 1. Mortality caused by B. bassiana and B. thuringiensis on C. vestigialis in different development stages

Pathogen
Doses

[g c.p./ha]

Mortality [%]

larvae (7 DAS) larvae did not 
pupate pupa total

B. bassiana 20 17.5 a 25.2 a 27.7 b 35.2 b

B. bassiana 50 13.1 a 14.6 a 17.7 b 30.0 b

B. bassiana 100 4.9 a 5.1 a 25.0 b 30.4 b

B. bassiana 200 26.3 ab 30.4ab 42.7 b 64.6 bc

B. thuringiensis 500 56.9 b 69.8 b 100.0 c 100.0 c

Control – 0.0 a 0.0 a 0.0 a 0.0 a

F 5.77* 5.15* 16.98* 13.61*

p-valor 0.0019 0.0035 <0.0000 <0.0000

Means followed by the same letters in the same column do not differ according to the Tukey HSD test (p < 0.05);  
DAS – days after spraying
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Fig. 1. Duration of pupal stage of C. vestigialis survivors to treatment with B. bassiana (p < 0.05)

This is because these disorders are reflex symptoms of ex-
pression mechanisms of disease which affects the absorp-
tion of nutrients from the host, resulting on energy loss 
(Nolan and Clovis 1985). As the larval stage is intended 
solely for accumulation of food reserves, any disturbance 
at this stage may reflect negatively on development, re-
production, fertility and survival of insects (Fargues et al. 
1991; Costa and Ide 2006). This negative effect was ob-
served on Helicoverpa zea Bod. and Heliothis virescens Fabr. 
(Lepidoptera: Noctuidae) exposed to B. thuringiensis and 
on Otiorhynchus sulcatus Fabr. (Coleoptera: Curculioni-
dae) when exposed to B. brongniartii (Sac.) Petch (Abbas 
and Young 1993; Kowalska 2008). In this work, in addi-
tion to mortality, B. bassiana affected the development of 
the insect in the longer lasting pupal stage (Fig. 1). Ob-
servation was not possible with B. thuringiensis due to 
the death of all pupae. In others experiments the longest 
duration of the pupal stage was also observed in Musca 
domestica L. (Diptera: Muscidae) infected with Brevibacil-
lus laterosporus Laub. (Ruiu et al. 2006) and Choristoneura 
oa roeeeae Clem. (Lepidoptera: Tortricidae) infected with 
B. bassiana (Bauer and Nordin 1988a). The stretching of 
some stages of development can be beneficial by increas-
ing exposure of insects to natural enemies and contribut-
ing to pest population decrease.

With the exception of B. thuringiensis, the way that in-
sects were exposed to B. bassiana (residual) may have con-
tributed to the lower larvae susceptibility. The greatest 
effect of the pathogen B. bassiana is achieved by contact 
through tegument, in contrast B. thuringiensis acts exclu-
sively by ingestion (Alves 1998). Probably a lethal dose 
of fungus could not be acquired efficiently by larvae, or 
this stage was not susceptible to the pathogen , though 
this stage is susceptible in other insects (Veerstergaard et 
al. 1995). The occurrence of ecdysis after inoculation may 
also influence the effectiveness of pathogens (Butt and 
Goettel 2000). However, in the field, the spraying plants 
directly, affects the insect, or the insects become infected 
by eating or walking on the residue from the surface, 
varying the amount of infective propagules acquired by 
the host (Goettel et al. 2000). This variation can result in 

a lethal or a sublethal dose, causing death or consequenc-
es on insect development, respectively (Royama 1984; 
Bauer and Nordin 1988b; Giustolin et al. 2001; Hornbostel 
et al. 2004). Moreover, according to our results the assess-
ment of mortality without considering the whole cycle 
of the host, may underestimate the control potential of 
some entomopathogenic fungi. It is necessary to observe 
secondary infection effects. Under field conditions, these 
effects can  significantly reduce the feeding of insects. 
The result is lower leaf consumption and reduction of 
economic losses in production, in addition to the reduc-
tion of the pest population caused by reduced fertility of 
individuals (Goettel et al. 2000).

The microbial control of C. vestigialis with B. thuringi-
ensis was highly efficient while the control with the en-
tomopathogenic fungus B. bassiana is promising, encour-
aging studies with others strains and species of entomo-
pathogenic fungi. Studies must mainly be done on the ef-
fect of these agents on bioecological parameters of insect 
under field conditions. This is the first report about the 
action of B. bassiana against C. vestigialis.

REFERENCES
Abbas A., Young S.Y. 1993. Bacillus thuringiensis var. kurstaki ac-

tivity against larvae of Helicoverpa zea and Heliothis vires-
cens (Lepidoptera: Noctuidae) on cotton. J. Econ. Entomol.  
86 (4): 1064–1068.

Almeida G.F., Paula D.P., Ribeiro Z.M.A., Souza M.L., Castro 
M.E.B. 2008a. Análise filogenética de Condylorrhiza vestigialis 
MNPV baseada no gene de virulência p74. Brasília: Embrapa 
Recursos Genéticos e Biotecnologia. (Boletim de Pesquisa e 
Desenvolvimento 235) [Phylogenetic analysis of Condylorrhi-
za vestigialis MNPV based on the p74 gene], 24 pp.

Almeida G.F., Silva F.R., Souza M.L., Castro M.E.B. 2007. Iden-
tificação de um gene de virulência (p74) de um vírus iso-
lado da lagarta-do-álamo Condylorrhiza vestigialis. Brasília: 
Embrapa Recursos Genéticos e Biotecnologia. (Boletim de 
Pesquisa e Desenvolvimento 189) [Identyfication of viru-
lence gene (p74) of a virus isolated from the poplar moth 
Condylorrhiza vestigialis], 16 pp.



 The efeec  o  eeaueere  eaareae  a  eearirea    iee   ch   andi eehrae ueacrireiras 13

Almeida J.E.M., Batista Filho A., Alves S.B., Leite L.G., Neves 
P.M.O. 2008b. Formulação de entomopatógenos na Améri-
ca Latina [Entomophatogens formulation in Latin Amer-
ica]. p. 257–258. In: “Controle Microbiano de Pragas na 
América Latina [Microbul Pest Control in Latin America]” 
(S.B. Alves, R.B. Lopes, eds.). Fealq, Piracicaba, 414 pp. 

Alves S.B. 1998. Controle Microbiano de Insetos. 2nd ed. Fealq, 
Piracicaba, 1163 pp.

Bauer L.S., Nordin G.L. 1998a. Nutritional physiology of the 
eastern spruce budworm,  h erac aeaee oa roeeeae, infected 
with N ae e oa roeeeaee, and interactions with dietary ni-
trogen. Oecologia 77 (9): 44–50.

Bauer L.S., Nordin G.L. 1988b. Pathogenicity of N ae e oa roeee-
nae (Thomson) (Microsporida) in spruce budworm, Choris-
c aeaee oa roeeeae (Clemens), and implications of diapause 
conditions. Can. Entomol. 120: 221–229.

Butt T.M., Goettel M.S. 2000. Bioassays of entomogenous fungi. 
p. 141–195. In: “Bioassays of Entomopathogenic Microbes 
and Nematodes” (A. Navon, K.R.S. Ascher, eds.). CABI 
Publishing, London, 324 pp. 

Casaubon E., Cueto G., Odara K., Gonzáles A. 2002. Interaccio-
nes entre sitio, plaga y uma enfermedad del fuste em uma 
plantación de P  aiaa neicórnea eu.  ecorah-2 en el bajo delta 
del Rio Paraná (Argentina) [Interactions among site, plague 
and a trunk disease in a plantation of Populus deltóides cv. 
 ecorah-2 in the Low Delta of Paraná (Argentina)]. Invest. 
Agr. Sist. Recur. For. 11 (1): 29–38.

Castro M.E.B., Ribeiro Z.M.A., Santos A.C.B., Souza M.L., Mach-
ado E.B., Sousa N.J., Moscardi F. 2009. Identification of 
a new nucleopolyhedrovirus from naturally-infected Con-
dylorrhiza vestigialis (Guenée) (Lepidoptera: Crambidae) 
larvae on poplar plantations in South Brazil. J. Invertebr. 
Pathol. 102 (2): 149–154.

Castro M.E.B., Ribeiro Z.M.A., Siqueira C.B., Santos A.C.B., Sou-
za M.L., Souza N.J. 2004. Infecção por Condylorrhiza vesti-
gialis nucleopolyhedrovirus em diferentes linhagens celulares 
e espécies de insetos [Infection by Condylorrhiza vestigialis 
nucleopolyhedrovirus in different cell lines and insect spe-
cies]. Brasília: Embrapa Recursos Genéticos e Biotecnolo-
gia. Boletim de Pesquisa e Desenvolvimento 72, 16 pp.

Charnley A.K. 1997. Entomopathogenic fungi and their role in 
pest control. p. 185–218. In: “The Mycota IV: Environmen-
tal and Microbial Relationships” (K. Esser, P.A. Lemke, 
eds.). Wicklow, Soderstrom, 350 pp.

Costa C., Ide S. 2006. Crescimento e muda [Growth and ecdysis]. 
p. 31–36. In: “Insetos Imaturos: Metamorfose e Identifica-
ção [Immature Insects: Metamorphosis and Identyfica-
tion]” (C. Costa, S. Ide, D.E. Simonka, eds.). Holos, Ribeirão 
Preto, 249 pp. 

Diodato M.A. 1999. Bioecologia, aspectos morfológicos e 
consumo de Condylorrhiza vestigialis (Guenée, 1854) 
(Lepidoptera:Crambidae) em Populus deltoides Marsh (Salica-
ceae) [Bio-ecology, morphology and consumption of Condy-
lorrhiza vestigialis (Guenée, 1854) (Lepidoptera:Crambidae) 
in Populus deltoides Marsh (Salicaceae)]. Curitiba: Universi-
dade Federal do Paraná. Tese de Doutorado, 90 pp.

Diodato M.A., Pedrosa-Macedo J.H. 1996. Presencia de Condy-
lorrhiza vestigialis (Guenée 1854) (Lepidoptera: Crambidae) 
em Populus spp. en el. Santiago Del Estero, Brasil [Oc-
curence of Condylorrhiza vestigialis (Guenée 1854) (Lepi-

doptera: Crambidae) on Populus spp. in Brazil]. Quebracho 
4: 17–19.

Fargues J., Delmas J.C., Augé J., Lebrun R.A. 1991. Fecundity 
and egg fertility in the adult Colorado beetle (Leptinotarsa 
decemlineata) surviving larval infection by the fungus Beau-
veria bassiana. Entomol. Exp. Appl. 61: 45–51.

Giustolin T.A., Vendramim J.D., Alves S.B., Vieira S.A. 2001. 
Efeito associado de genótipo de tomateiro resistente e 
Bacillus thuringiensis var. kurstaki sobre o desenvolvim-
ento de Tuta absoluta Meyrick (Lep., Gelechiidae) [Associ-
ated effect between tomato resistant genotype and Bacil-
lus thuringiensis var. kurstaki on the development of Tuta 
absoluta Meyrick (Lep., Gelechiidae)]. Neotrop. Entomol.  
30 (3): 461–465.

Goettel M.S., Inglis D.G., Wraight S.P. 2000. Overview of patho-
gen groups: fungi. p. 255–282. In: “Field Manual of Tech-
niques in Invertebrate Pathology” (L.A. Lacey, H.K. Kaya, 
eds.). Kluwer Academic Publishers, Dordrecht, 911 pp.

Hajek A.E., St. Leger R.J. 1994. Interactions between fungal patho-
gens and insects hosts. Annu. Rev. Entomol. 39: 293–322.

Hornbostel V.L., Ostfeld R.S., Zhioua E., Benjamin M.A. 2004. 
Sublethal effects of Metarhizium anisopliae (Deuteromyce-
tes) on engorged larval, nymphal, and adult Ixodes scapu-
laris (Acari: Ixodidae). J. Med. Entomol. 41: 922–929.

Inglis G.D., Goettel M.S., But T.M., Strasser H. 2001. Use of hy-
phomycetous fungi for managing insect pests. p. 23–69. In: 
“Fungi as Biocontrol Agents: Progress, Problems and Po-
tential” (T.M. Butt, C. Jackson, N. Magan, eds.). CABI Pub-
lishing, London, 390 pp.

Kowalska J. 2008. The potential of Beauveria brongniartii and bo-
tanical insecticides based on neem to control Otiorhynchus 
sulcatus larvae in containerised plants. Plant Protect. Sci.  
44 (1): 37–40.

Marques E.N., Sousa N.J., Corrêa R.M., Gomes N.B. 1995. Ocor-
rência de Condylorrhiza vestigialis (Guenée, 1854) (Lepidop-
tera: Pyralidae) em povoamentos de álamo Populus spp., 
no município de São Mateus do Sul – Paraná [Occurence 
of Condylorrhiza vestigialis (Guenée, 1854) (Lepidoptera: Py-
ralidae) in stands of poplar Populus spp. in São Mateus do 
Sul – Paraná]. Revista do Setor de Ciências Agrárias. 14: 
229–230.

Neuenschwander P., Borgemeister C., Langewald J. 2003. Bio-
logical Control in IPM Systems in Africa. CABI Publishing, 
London, 414 pp.

Nolan R.A., Clovis C.J. 1985. N ae e oa roeeeaee release into the 
gut of the larvae of the eastern spruce budworm (Choristo-
aeaee oa roeeeae). J. Invertebr. Pathol. 45 (1): 112–114.

Otto G.M., Motta A.C.V., Reissman C.B. 2007. Resposta do álamo 
(Populus deltoides Marsh) à adubação nitrogenada em dois 
sítios do município de São Mateus do Sul, Paraná [Popu-
lus deltoides Marsh responce to nitrogen addiction at two 
sites in São Mateus do Sul, Paraná]. Ciência Florestal.  
17 (2): 81–90.

Partarrieu U. 2010. Caracterización dendrológica y fenológica 
de clones de Populus spp. [Dendrological and phenological 
characterization of Populus spp. clones]. http://www.cesaf.
uchile.cl/cesaf/n13/4.html. Accessed: 10 Sep. 2010.

Polanczky R.A., Valicente F.H., Barreto M.R. 2008. Utilização de 
Bacillus thuringiensis no controle de pragas agrícolas na 
América Latina [Use of Bacillus thuringiensis to control of 
agricultural pests in Latin America]. p. 111–136. In: “Con-



14 J aeaei  o Pieac Pe ceecr a Reaeeeeh 52 (1), 2012

trole Microbiano de Pragas na América Latina [Microbul 
Pests Control in Latin America]” (S.B. Alves, R.B. Lopes, 
eds.). Fealq, Piracicaba, 414 pp. 

Royama T. 1984. Population dynamics of the spruce budworm 
 h erac aeaee oa roeeeae. Ecol. Monogr. 54 (4): 429–462.

Ruiu L., Delrio G., Ellar D.J., Floris I., Paglietti B., Rubino S., Satta 
A. 2006. Lethal and sublethal effects of Brevibacillus lat-
erosporus on the house fly (Musca domestica). Entomol. Exp. 
Appl. 118: 137–144.

Veerstergaard S., Butt T.M., Gillespie A.T., Schreiter G., Eilenberg 
J. 1995. Pathogenicity of the hyphomycete fungi Verticilium 

lecanii and Metharizium anisopliae to the western flowers 
thrips, Frankliniella ocidentalis. Biocontrol Sci. Technol. 5: 
185–192.

Wraight S.P., Jackson M.A., Kock S.L. 2001. Production, sta-
bilization and formulation of fungal biocontrol agents.  
p. 253–287. In: “Fungi as Biocontrol Agents: Progress, Prob-
lems and Potential” (T.M. Butt, C. Jackson, N. Magan, eds.). 
CABI Publishing, London, 390 pp. 

Zimmermann G. 2007. Review on safety of the entomopatho-
genic fungi Beauveria bassiana and Beauveria brongniartii. 
Biocontrol Sci. Technol. 17 (6): 553–596.


