
 
 
 
 

 

 

 
BIOLOGICAL CONTROL 

 

 
Sociedade Entomológica do Brasil 

 
www.bioassay.org.br   

 
1 

 

Selection of Bacillus thuringiensis Strains Toxic Against Cotton 
Aphid, Aphis gossypii Glover (Hemiptera: Aphididae) 

 
¹VIVIANE M. MELATTI, ¹LÍLIAN B. PRAÇA, ¹ÉRICA S. MARTINS, ¹EDISON SUJII, 2COLIN BERRY, ¹ROSE G. MONNERAT 
 

1 Parque Estação Biológica - PqEB - Av. W5 Norte (final). Laboratório de Bacteriologia - PCB I. CEP 70770-900. 
Brasília, DF – Brasil. E-mail: rose@cenargen.embrapa.br 

 
2 Cardiff University, Park Place, Cardiff, CF10 3TL Wales, UK 

 
BioAssay 5:2 (2010) 

 
Seleção de Estirpes de Bacillus thuringiensis Tóxicas ao Pulgão do Algodoeiro, Aphis gossypii Glover 

(Hemiptera: Aphididae) 
 
RESUMO – Uma alternativa viável para o controle biológico do pulgão do algodoeiro, Aphis gossypii, é a utilização 
de Bacillus thuringiensis. Recentemente, foi constatado que esta bactéria pode circular de forma sistêmica na planta, 
podendo ser utilizada no controle de insetos sugadores. Este trabalho teve como objetivos estabelecer uma metodologia 
de bioensaio seletivo de B. thuringiensis contra A. gossypii e selecionar estirpes potencialmente tóxicas a este inseto. A 
metodologia foi estabelecida utilizando uma estirpe de B. thuringiensis marcada com o gene gfp (“green fluorescence 
protein”), que permitiu a visualização da bactéria em um macerado do inseto alimentado da planta tratada com essa 
bactéria, através de microscopia ótica de fluorescência. Quatrocentas estirpes de B. thuringiensis pertencentes ao 
Banco de Germoplasma de Bacillus spp. da Embrapa Recursos Genéticos e Biotecnologia foram testadas através deste 
método de bioensaio e cinco delas (S29, S40, S616, S1168, e S1576) causaram mortalidade superior a 50%, sendo a 
estirpe S29 a melhor entre as testadas. Os resultados obtidos neste trabalho demonstram a eficiência da metodologia, 
uma vez que através desta foi confirmado que B. thuringiensis tem ação tóxica contra o pulgão do algodoeiro, quando 
utilizado de forma sistêmica na planta de algodão. 
 
PALAVRAS-CHAVE – Bioensaio seletivo, controle biológico, bactéria entomopatogênica, cotonicultura. 
 
ABSTRACT – The applied biological control of the cotton aphid, Aphis gossypii, using Bacillus thuringiensis is a 
viable alternative. It was, recently, demonstrated that this bacterium can circulate inside the plant in a systemic way 
allowing its utilization in the control of sucker insects. This work aimed to establish a methodology for selective 
bioassay of B. thuringiensis against A. gossypii and select toxic strains for the control of this insect. An initial bioassay 
was conducted using a B. thuringiensis strain marked with the gene gfp (“green fluorescence protein”), that allowed 
the visualization by fluorescence microscopy of the bacteria in a macerate of the insects after feeding on plants treated 
with the bacteria, thus confirming the exposure of the insect to this control agent. Four hundred strains of B. 
thuringiensis belonging to the Collection of Bacillus spp. from Embrapa Genetic Resources and Biotechnology were 
tested through this bioassay method and five of them (S29, S40, S616, S1168, and S1576) caused mortality above 
50%. From these, S29 strain showed the highest toxicity. The results found in this work demonstrate the efficiency of 
the methodology, since the toxicity of B. thuringiensis was confirmed against the cotton aphid, when applied to cut 
stems of cotton plants. 
 
KEYWORDS – Selective bioassay,  biological control, entomopathogenic bacterium, cotton crop. 
 
 

The cotton aphid, Aphis gossypii Glover (Hemiptera: 
Aphididae), is among the most important pests of the 
cotton crop due to the damage caused by continuous sap 
sucking and transmission of pathogenic virus. 
Furthermore, the honeydew exudates from the aphids 
favor the occurrence of a fungus that reduces the cotton 

fiber quality at the final stage of the crop (Degrande 
1998, Gallo et al. 2002, Fontes et al. 2006). The aphid 
pest can attack the cotton crop from the seedling stage, 
reproducing through the telitoc parthenogenesis and 
growing to adults in 5-7 days.  They can produce several 
generations and reach high densities during each season 
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and may reduce cotton production by up to 44%. These 
reproductive traits favour the rapid selection of resistant 
individuals when populations are exposed to 
environmental stress factors such as insecticides (Gallo 
et. al., 2002, Liu et al., 2005).      

Chemical insecticides have been used to control A. 
gossypii on cotton crops, although this practice disturbs 
the agro-ecosystem balance, reducing the natural 
biological control, selecting resistant populations of the 
pest and has potential to harm the farmers due to their 
toxicity (Wu & Guo, 2003, Slosser et al., 2004). The 
conservation of natural biological control promoted by 
predators and parasitoids is an important component of 
pest management in cotton producing countries such as 
Australia (Wilson et al., 2003) and the USA (Bacheler, 
2006). In these countries, the use of resistant cotton 
varieties against viruses and aphids, in addition to the 
preferential use of selective insecticides, aim to preserve 
the natural enemies (Wilson et al., 1999). A study 
conducted in Brazil by Sujii et al. (2007) showed that a 
decreased frequency of application of chemical 
insecticide sprays and biological insecticides may 
preserve and enhance the population of predators like 
ladybugs and Dolychopidae flies, contributing for the 
natural biological control.  

The inclusion of biological control into cotton crop 
pest management programs has environmental, health 
and economical justifications. Bacillus thuringiensis is 
the most widely used among the biological control 
agents in the development of bioinsecticides. This 
microorganism produces crystalline protein inclusions 
called δ-endotoxins or Cry proteins. There are more than 
350 described genes encoding such proteins, which may 
exhibit extremely toxic action against insects from 
several orders such as Lepidoptera, Diptera, Coleoptera, 
Hymenoptera, and some species of nematodes (de 
Maagd et al., 2000, Griffitts & Aroian, 2005). Two Cry 
proteins, Cry3A and Cry8Aa, were already described as 
toxic against aphids (Crickmore et al., 2007; Walters & 
English, 1995). The great advantage of this bacterium is 
that it is harmless for man and the environment 
(Monnerat & Bravo, 2000), nevertheless the main 
difficulty for its use as a bioinsecticide against sucking 
insects is the ingestion of the proteins, since it is usually 
sprayed on the plant.  

The discovery that Bacillus thuringiensis and its 
toxins are able to be absorbed by roots and circulate 
inside the cotton and cabbage plants throughout the 
phloem, which allow the ingestion by sucking insects 
such as A. gossypii, by Monnerat et al. (2003) open new 
perspectives for this pest control, The selection of B. 
thuringiensis toxic against cotton aphids is important to 
enhance the use of bioinsecticides in cotton and other 
crops with all the benefits associated with their use.  
This study aimed to establish a bioassay method useful 
for aphids and selection of toxic strains against this pest.   

 
 

Material and Methods 

Methodology of selective bioassay. The bioassay was 
conducted with young leaves of cotton. The leaves were 
left in a 2% sodium hypochlorite solution for 10 
minutes, then washed in clean water before drying on 
absorbent paper towel.  Each leaf had its stem inserted in 
a 5 ml glass vial that was filled with 4 ml of sterile water 
and 1 ml of a single bacterial strain and closed with a 
cotton mesh. The B thuringiensis strains were cultivated 
in NYSM medium (Yousten, 1984), in a rotatary 
incubator at 200 rpm, 28°C, for 72h, until complete 
sporulation. Each strain was tested in three replications. 
Four hundred strains of B. thuringiensis that belong to 
the Collection of Bacillus sp. from Embrapa Genetic 
Resources and Biotechnology were tested. 

Each set of vial and cotton leaf received 10 second 
instar nymphs of A. gossypii from a laboratory colony 
and was placed in a plastic recipient of 500 ml (Figure 
1). Each recipient was identified with the strain used and 
the replication number. The bioassay was placed in a 
environmental-controlled room at a temperature of 26°C 
2, 78% 2 air humidity and photophase of 12 h. Dead 
and living aphids were counted and recorded after five 
days. A control treatment was conducted using sterile 
water without any strain of bacterium and a level of 10% 
mortality was established for the threshold of a valid 
assay. The strains that presented mortality rates higher 
than 50% was selected and compared each other 
throughout an analysis of variance.  
 

 
Figure 1. Example of the recipient of bioassay 

 
Validation of the proposed methodology. An 
experimental bioassay using B. thuringiensis subsp. 
kurstaki transformed with a gene to express the green 
fluorescent protein (Btk-gfp) was made to confirm 
ingestion by the cotton aphid of the bacterium 
throughout plant feeding (Monnerat et al., 2009). This 
protein, when exposed to ultraviolet light, emits green 
fluorescence, revealing the presence of B. thuringiensis 
inside the material (Azevedo et al., 2002). 

The bioassay was made following the same 
procedure described above with three replications. Dead 
and living aphids, including nymphs, were collected at 
the end of the bioassay in a number that varied between 
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15 and 19 per replication. Insects were macerated, 
received a heat shock (80°C for 12 minutes, followed for 
5 minutes in ice), and this material was inoculated in 
Petri dishes containing a selective medium with 
erythromycin for the selection of the gfp plasmid 
(Monnerat et al., 2009). The Petri dishes were incubated 
at 30°C for 24 h for colony growth and evaluation. The 
colonies were observed using a fluorescence microscope 
(Axyophoth Zeiss), for analysis of vegetative cells, since 
fluorescence is only observed in this phase of cell 
growth.  

 

Results and Discussion 

Aphids that had been fed on leaves inoculated at the 
stem with Btk-gfp, produced bacterial colonies in every 
case following maceration and plating. The colonies 
were medium sized, whitish and opaque with irregular 
edges, a morphology characteristic of B. thuringiensis, 
according to the description of Benintende et al. (2001). 

A great number of vegetative cells with green 
fluorescence was observed in all replications observed 
by fluorescence microscopy (Azevendo et al., 2002), as 
shown in Figure 2, confirming that the B. thuringiensis 
recovered in the insect was the same Btk-gfp that was 
inoculated into the plant during the bioassay.  
 

 
Figure 2. Observation of B. thuringiensis subsp. kurstaki 
vegetative cells containing the gene gfp through 
fluorescence microscopy at a magnification of 12.000X.  
 

 These microscopic analyses confirmed that B. 
thuringiensis was absorbed by the cotton plant and was 
transported to the leaves where it was sucked from the 
phloem by the insect. The same mechanism was 
reported by Monnerat et al. (2003), when Spodoptera 
frugiperda J.E. Smith (Lepidoptera: Noctuidae) was 
exposed to B. thuringiensis in cotton plants and it was 
demonstrated that the bacterium can circulate and cause 
mortality in the caterpillars that fed on the plants. 

Although the bacterium was inoculated in the water 
so that absorption would occur through the xylem, B. 
thuringiensis appears to have been able to move to the 
phloem where it was sucked by the aphid with the sap.  
The lateral movement of water and minerals from the 
xylem to the phloem, known as symplastic xylem-to-

phloem transport, was described by Raven (1978). The 
results obtained confirmed the efficiency of the 
methodology to deliver B. thuringiensis to the aphids.  

The bioassay with four hundred B. thuringiensis 
strains showed that the strains S29, S40, S616, S1168 
and S1576, presented the highest toxicity against A. 
gossypii, causing mortality rates greater than 50% on 
average, and exhibiting the highest potential to control 
the pest. Among them, strains S29 and S1168 were the 
most efficient, causing 76 and 73% mortality 
respectively, against A. gossypii (Table 1). The mortality 
rate observed in the control treatment was always 0%, 
allowing to infer that the observed mortality was due to 
the B. thuringiensis strains and indicating that the 
method is reliable for the initial selection of strains. 
 
Table 1. Comparison of mortality rate caused by B. 
thuringiensis strains on cotton aphid in a selective 
bioassay. Data followed by the same number did not 
differ significantly by Student-Newman Keuls test (P < 
0,05) 

Strain Subspecies Mortality (%) 
Average ± standard deviation 

29 __ 76,0 ± 4,0  a 
40 __ 60,0 ± 2,6      b 
616 aizawai 63,3 ± 2,9      b 
1168 __ 73,3 ± 2,9   a 
1576 aizawai 56,6 ± 3,7       b 
Control  0 

ANOVA F = 19,82; 14 d.f.; P > 0,001 
 

Toxicity of B. thuringiensis against sucker insects 
was reported by Wellman-Desbiens and Côté (2004) in 
an experiment conducted on 2nd instar nymphs of the 
stinkbug Lygus hesperus (Hemiptera: Miridae) treated 
with B. thuringiensis grown on artificial diet. The strains 
tested reached approximately 98% mortality against L. 
hesperus, after seven days of assay.  

Additional studies are necessary for screening and 
development of a bioinsecticide that can be used to 
control A. gossypii in a systemic way.  

 
Acknowledgment 

We are grateful to F. Ramos to providing the photo of 
fluorescence microscopy. 
 

References 

Azevedo, J. L., W. M. Júnior, W. L. Araújo & J. O. 
Pereira. 2002. Microrganismos endofíticos e seu 
papel em plantas tropicais. In: Serafini, L. A., Barros 
N. M., Azevedo J. L. Biotecnologia: avanços na 
agricultura e na agroindústria. Caxias do Sul: 
EDUCS. 433 p.  

Bacheler, J.S. 2006. Managing insects on cotton. In: 
North Caroline Cooperative Extension. 2006 Cotton 
Information, North Carolina State University, 
Raleigh. cap. 11. 133-158 p. Disponível em: 

B 



 
 

Selection of Bacillus thuringiensis Strains Toxic Against Aphis gossypii Melatti et al. 

 

 
Sociedade Entomológica do Brasil 

 
www.bioassay.org.br   

 
4 

 

<http://ipm.ncsu.edu/Production_Guides/Cotton/chpt
r11.pdf>. Acesso em: 05 de dez. 2006. 

Benintende, G., A. Glen, J. Ibarra, A. Bravo & A. 
Espinosa. 2001. Bacillus thuringiensis e Bacillus 
sphaericus. Aislamiento, crecimento y conservacion 
de estas bactérias. In: Bravo, A., G. Arrieta, G. 
Benintende, M. Real, A. M. Espinoza, J. Ibarra, R. 
Monnerat, S. Orduz & M. Soberón. Metodologias 
utilizadas em investigación sobre bacterias 
entomopatógenas. México, D.F.,UNAM. 

Crickmore, N., D. Zeigler, J. Feitelson, E. Schenepf, R. 
Van, D. Lereclus, J. Baum & D. Dean. 2007. 
Bacillus thuringiensis toxin nomenclature. 
Disponível em: <www.lifesci.sussex.ac.uk/home/ 
Neil_Crickmore>. Access in: 01 de outubro de 2007. 

Degrande, P. E. . 1998. Guia Prático de Controle de 
Pragas do Algodoeiro. 1. ed. Dourados: Universidade 
Federal de Mato Grosso do Sul, v. 1. 60 p. 

De Maagd, R., M. Weemen-Hendriks, W. Stiekema & 
D.  Bosch. 2000. Bacillus thuringiensis delta-
endotoxin Cry1C domain III can function as a 
specificity determinant for Spodoptera exigua in 
different, but not all, Cry1-Cry1C hybrids. Appl. 
Environ. Microbiol. 66:1559-1563.  

Fontes, E.F., F.S. Ramalho, E. Underwood, P.A.V. 
Barroso, M.F. Simon, E.R. Sujii, C.S.S. Pires, 
N.Beltrão, W.A. Lucena & E.C. Freire.   2006. The 
cotton agriculture context in Brazil. pp. 21-66 In: 
Hilbeck, A., Andow, D.A. and Fontes, E.M.G. (eds) 
Environmental Risk Assessment of Genetically 
Modified Organisms Volume 2: Methodologies for 
Assessing Bt Cotton in Brazil. CABI Publishing, 
Wallingford, UK. 

Gallo, D. (in memorian), O. Nakano, S. S. Neto, R. P. 
Carvalho, G. C. Batista, E. B Filho, J. R. Parra, R. A 
Zucchi, S. B. Alves, J. D. Vendramim, L. C. 
Marchini, J. R. Lopes & C. Omoto. 2002. 
Entomologia Agrícola. Piracicaba: FEALQ. 920p. 

Griffitts, J. & R. Aroian. 2005. Many roads to resistance: 
how invertebrates adapt to Bt toxins. BioAssays. 27: 
614-624.  

Liu, X.D., B.P. Zhai, X.X. Zhang & J.M. Zong. 2005. 
Impact of transgenic cotton plants on a non-target 
pest, Aphis gossypii Glover. Ecological Entomol. 
30:307-315.  

Monnerat, R. & A. Bravo. 2000. Proteínas bioinseticidas 
produzidas pela bactéria Bacillus thurigiensis: modo 
de ação e resistência. In: Melo, I., Azevedo, J. 
Controle Biológico. Jaguariúna – SP, v. 3, 163-200p. 

Monnerat, R. G., R. C. Santos, P. C. Barros, A. Batista 
& C. Berry. 2003. Isolamento e caracterização de 
estirpes de Bacillus thuringiensis endofíticas de 
algodão. Brasília: Embrapa Recursos Genéticos e 

Biotecnologia. 04p. (Embrapa Recursos Genéticos e 
Biotecnologia. Comunicado Técnico, 98).  

Monnerat, R. G. ; Soares, C. M. S. ; Gomes, A. C. M. ; 
Jones, G. ; Martins, E. ; Praça, L.; Berry, C. 2009. 
Translocation and insecticidal activity of Bacillus 
thuringiensis bacteria living inside of plants. 
Microbial Biotechnology, 2: 1560-1562. 

Raven, P. H.; Evert, R.; Curtis, H. 1978. Biologia 
Vegetal. Rio de Janeiro: Guanabara Koogan S.A., 2º 
ed, 728 p. 

Slosser, J. E., M. Parajulee, D. Hendrix, T. Henneberry 
& W. Pinchak. 2004. Cotton aphid (Homoptera: 
Aphididae) abundance in relation to cotton leaf 
sugars. Environ. Entomol. 33:690-699. 

Sujii, E.R; Beserra, V.A.; Ribeiro, P.H.; Silva-Santos, 
P.V.; Pires, C.S.S.; Schmidt, F.G.V.; Fontes, E.M.G. 
& Laumann, R.A. 2007. Comunidade de inimigos 
naturais e controle biológico natural do pulgão, 
Aphis gossypii glover (Hemiptera: Aphididae) e do 
curuquerê, Alabama argillacea hübner (Lepidoptera: 
Noctuidae) na cultura do algodoeiro no Distrito 
Federal. Arq. Inst. Biol. 74:329-336.  

Valadares-Inglis, M. C. C., W. Shiler & M. T. De-
Souza. 1998. Engenharia genética de 
microrganismos agentes de controle biológico. In: 
Melo, I.S, Azevedo, J.L. Controle biológico.  
Embrapa Meio Ambiente: Jaguariúna- SP, vol. 1. 
201-230 p. 

Walters, F. & L. English. 1995. Toxicity of Bacillus 
thuringiensis 6- endotoxins toward the potato aphid 
in an artificial diet bioassay. Entomologia 
Experimentalis et Applicata, 77: 211-216. 

Wellman-Desbiens, E. & J. Côté. 2004. Screening of the 
insecticidal activity of Bacillus thuringiensis strains 
against Lygus hesperus (Hemiptera: Miridae) 
nymphal population. Jour. of Econ. Entomol. 
97:251-258.  

Wilson, L.J., L.R. Bauer & D.A. Lally. 1999. Insecticide 
induced increases in aphid abundance in cotton.  
Aust. Jour. Entomol. 38:242-243.  

Wilson, L.J., V.O. Sadras, S.C. Heimoana & D. Gibb. 
2003. How to Succeed by Doing Nothing: Cotton 
Compensation after Simulated Early Season Pest 
Damage. Crop Science. 43:2125–2134.  

Wu, K. & Y. Guo. 2003. Influences of Bacillus 
thuringiensis Berliner cotton planting on population 
dynamics of the Cotton Aphis, aphis gossypii 
Glover, in Northern China. Environ. Entomol. 
32:312-318.  

Yousten, A. A. 1984.   Bacillus sphaericus: 
microbiological factors related to its potential as a 
mosquito larvicide. Adv. Biotechnol. Process. New 
York, NY. 03:315-343.  

 

Received: 23/VI/2008   Accepted: 20/V/2009   Published: 07/XII/2010                      Available online: www.bioassay.org.br/ojs/index.php/bioassay/article/view/70


