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ABSTRACT

The fall armyworm $podoptera frugiperdais one of the most important pests of maize, causing up to
20% production losses when defoliation occurs near to flowering, or even complete destruction of plants.
Among the alternatives to control this pest, the usBagillus thuringiensigBt) has gained attention due

to its efficiency and low impact on natural enemies. StfatrdendrolimudHD 37, Bt aizawaiHD 68, Bt
kurstakiHD 73, Bt darmstadiensi$iD 146, andBt thuringiensis4412 were tested against second instar
larvae inin vivo assays. SuspensionsBif aizawaiHD 68 andBt thuringiensisA412, containing 3 x 20
cells/ml, induced mortality of 100% and 80.4%, respectively. To test virulence, cell concentrations of 8 x
10 to 3 x 16cells/ml of straindBt aizawaiHD 68 andBt thuringiensisA412 were applied on the second
instar larvae: LG were 6.7 x 10and 8.6 x 10cells/ml, respectively.
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INTRODUCTION This microorganism acts in the insect gut due to cristals,
composed by protoxins, discharged in the gut due to the alkaline
The fall armyworm $podoptera frugiperd&mith & pH that causes solubilization. These protoxins, in presence of
Abbot), that attacks various cultures is one of the modigestive enzymes, are converted in toxic polypetides (delta-
important pests of maize in the Americas (17), causing abamidotoxins). The activated toxins cross the peritrofic
20% production losses in Brazil (6). Although the use ahembrane, join to specific receptors in apical membrane of
chemicals is the prevailing method to control this pestolumnar cells of midgut, and insert themselves into the
problems such as ecological disequilibrium, pollution, risksiembrane (9, 11). The formation of pores disrupts the ionic
during application and high costs are present (16). Furthermageadients and osmotic balance in the apical membrane,
the insecticides kill the fall armyworm natural enemiesgesulting in cell swelling and lysis. This phenomenon leds to
favoring rapid reinfestation with serious damage to the cultuneassive destruction of epithelium, causing death of larva (12).
(6). In fact, all these questions increased the interest in Some time ago, the efficacy of this microorganism against
alternative strategies to manage this pest. S. frugiperdawas considered questionable, but more recently
Nowadays, some methods, solely or together, get thige increment in researches on the us@ib#against this
satisfactory control ofS. frugiperda Among the lepidopterousbrought some interesting results (4, 10). The
entomopathogenic agents used in biological control @bjective of this work was to report the selectioBb$trains
lepidopterous pests thBacillus thuringiensisBerliner with potential to control the fall armyworm. They could be
bacterium Bt) has gained special attention as an alternativgsed in the formulation of new biopesticides or in genetic
method (2, 11). transformation of host plants.
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MATERIALS AND METHODS °

Mortality (%)
9

Insects:S. frugiperdalarvae were obtained from maize
fields in Viaméo (South Brazil) and reared in Bowling diet
(5). The insects used in these assays belonged to the 20
generation and were mantained at 25 + 2°C with 65 + 5%
relative humidity and 12h photoperiod.

Selective assaysThese assays were carried out in a
Biological Oxigen Demand chamber, in the same conditions
described aboveBt dendrolimusHD 37 was provided by the
Institut Pasteur, Paris aBd aizawaiHD 68,Bt kurstakiHD 73,

Bt darmstadiensi$iD 146 andBt thuringiensis4412 strains
were provided by Plant Genetic Systems, Gent. They were
grown in Usual Glicosed Medium (8) at 28°C and 180 rpm for

O . ¢
48h. The suspension was centrifuged at 5,000 rpm and washed ¢ \\\\0‘\ Q,O“& &@\\ &e‘@%
3 times with sterilized water. The concentration of bacterial © & »‘“9@
spores was determined in a Neubaeur chamber using phase &

contrast microscopy at 400x. 100 ml of the both containing efgure 1. Mortality in selective assays 8podoptera frugiperdsecond
3 x 1@ cells/ml were added to the surface of artificial dieinstar larvae andacillus thuringiensisstrains at 3 x 10cells/ml
previously put in mini-plates (30 mm of diameter), where larva@ncentration.

of 2" instar ofS. frugiperdawere individualized (20 insects

per strain). In controls, the broth was replaced by (1I06f The virulence assays showed tBataizawaiHD 68 was
sterile water. The mortality was evaluated up to seven daij}¢ most active strain, with an L Qof 6.7 x 10cells/ml. Bt

after treatment. The data were corrected according to AbBBHringiensis4412 presented an | ,Cof 8.6 x 10 cells/ml
(1) and submitted to Duncartgest (P = 0.05). (Table 1). These LG values showed that a concentration 42.0%

LC,, assays:The virulence ofBt aizawaiHD 68 andBt higher of Bt thuringiensis4412 than the other strain was
thuringiensis4412 was evaluated by LCassays, using 8 x necessary to kill 50.0% of &. frugiperdapopulation in a
10°, 3 x 10, 8 x 10, 3 x 10, 8 x 10 and 3 x 10cells/ml and certain period. Fig. 2 compares the virulence of the strains
control. Three replications were carried out, totalizing 1,058"d shows thaBt aizawai HD 68 requires a lower
insects per strain. To achieve the initial concentration of 36encentration to be letal to 100% of larvae population.

10 cells/ml, the above mentioned method for cell counting The differences in toxicity of these strains3ofrugiperda
was used. All other cell concentrations was obtained throuf}ay be related to the composition of cristals and their toxic
dilutions of this suspension. The exact number of spores wR{ential.Bt aizawaiHD 68 has two genegifylA(a), crylD)
determined in a Neubaeur chamber. The amount of suspend@jgted to toxicity, whileBt thuringiensis4412 has only one
and the method for growth of microorganism were the same as

in selective assays. The data were analyzed by Polo-PC (LeOra . -
Software 1987). |

Subletal effectsThe possible effects of the strains on insects'’
were verified through visual comparison between growth of:s
surviving larvae and control insects. .7

-

ingiensis4412
RESULTS AND DISCUSSION

Thein vivo activities ofBt strains tested on second instar ..
S. frugiperdaarvae are shown in Fig. Bt thuringiensis4412 i
and BtaizawaiHD 68 strains were the most pathogenic causing
80.40% and 100% of mortality, respectively. These strains wer¢
statistically different to others but not between them (Duncan:: |
5%). Similar results were obtained by Hernandez (10) for, i
subspeciedt aizawaj Bt thuringiensisand Bt kurstaki o3 o0 o7 peroB (B e eone)
observing mortality of 80%, 100% and 70%, respectively, tor:‘)igure 2. Comparative virulence oBt aizawaiHD 68 andBt
x 10 cells/ml. thuringiensis4412 toSpodoptera frugiperdaecond instar larvae.
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Table 1. LC,, of Bacillus thuringiensistrains toSpodoptera frugiperdaecond instar larvae.

Strains LC* (IL - b) Equeation
Bt aizawai HD 68 6.7 x 10° 4.7 x 100 - 9.2 x 108 y =- 0.412 + 0.792x
Bt thuringiensis 4412 86 x 10 6.0 x 10° - 12.0 x 10° y = 0.414 + 0.660x

* Results obtained using 1,050 larvae per strain.
(IL — <L) = Lower and superior limits (values) per [.C

(crylB) (3). LC,, values of 77 ng/ctnfor crylD and above REFERENCES
2,000 ng/crifor crylA (a,b,0 were observed (3). Chait al.
(7) described a new strainBfwith cryl (a,b), crylCandcrylD 1 Abbot, W. S. A method of computing the effectiveness insectididee.
d emphasized that the high activitBohizawai , . % 205267, 1925
gengs, an em_p asize at the hig .ac B awal 5 Alves, S.B.; Moino Jr., A.; Almeida, J. E. M. Desenvolvimento, potencial de
strains toS. frugiperdamay be related to interactions between  uso e comercializag&o de produtos microbidnoslves, S. B. (ed)Controle

crylA andcryID genes. microbiano de inseto$-EALQ, Sao Paulo, 1998. p. 1143-1163.
It t b inted t that alth h th tality t th3' Aranda, E.; Sanchez, J.; Peferoen, M.; Gliereca, L; Bravo, A. Interactions of
must beé pointed ou at althoug € mortality 10 € gaejjys thuringiensicrystal proteins with the midgut epithelial cells of

selected strains in concentration of 3 X t@lls/ml was Spodoptera frugiperdd_epidoptera: Noctuidae). Invert. Pathol.68: 203-

incomplete, the surviving larvae had their development delayed, 212, 1996. _ _ _
d didn’t reach the fourth instar. From a practical point c‘)"f Bohorova, N.; Maciel, A. M.; Brito, R. M.; Aguilart, L.; Ibarra, J.E.;
an : p p Hoisinggton, D. Selection and characterization of mexican straBeodfus

view, the control can be considered effective, because the thuringiensisactive against four major lepidopteran maize pests.

damage potential of surviving larvae was affected. This Entomoph41:153-165, 1996. _
h d th ibility to use moderated toxic proteins ag. aBowImg, C. C. Rearing of two lepidopterous pests of rice on a common
enhanced the possibiiity p artificial diet. Ann. Entomol. Soc. Americ80: 1215-1216, 1967.

helpful tool to controlS. frugiperdain integrated pest 6. Cruz, IManejo de pragas de milho no Bragiurso Sobre Manejo y Control
management systems in maize. The subletal effe@saf S. de Plagas en Maiz y Sorgo, Sete Lagoas, 1988, p.17-31.

. . . . 7. Chak, K.F.; Chao, D.C.; Tseng, Méet.al. Determination and distribution of
frugiperda (13), S. littoralis (15) andS. exigua(14) were cry-type genes dacillus thuringiensissolates from TaiwarAppl. Environ.

pointed out in other studies, where subletal doses causedwmicrobiol., 60:2415-2420, 1994,
reduction in consumption and delay in development. HOWEV@F, De Barjac, H.; Lecadet, M.M. Dosage biochimique d’exotoxine thermostable

. . ... de. Bacillus thuringiensisd’aprés I'inhibition d’ARN-polymerases
these effects were temporary, and the intensity decreased withy,cierienne<c. R. Acad. Sci282:2119-2122, 1976.

the growth of larvae. 9. Fiuza, L.M.; Nielsen-Leroux, C.; Gozé E.; Frutos, R.; Charles, J. F. Binding

The high virulence presented By aizawaiHD 68 andBt of Bacillus thuringiensi€ry1 toxins to the midgut brush border membrane
thurinai is4412 toS. . daindicates thei licati vesicles ofChilo supressali¢Lepidoptera: Pyralidae): Evidence of shared
uringiensi 0->. Trugiperaandicates their application i ing sitesAppl. Environ. Microbiol, 62:1544-1549, 1996.

in integrated pest management systems. The great majority@f Hernandez, J.L.L. Evaluation de la toxicitéBiillus thuringiensisur

surviving larvae had their development delayed by the action Spodoptera frugiperdeEntomoph, 32:163-171, 1988. _
. . . . . . Hofte, H.; Whiteley, H. R. Insecticidal crystal proteinsBacillus
of these pathogenic microorganisms. This aspect is VETY  indiensis Microbiol. Rev, 53:242-255, 1978,

important, but rarely considered in the evaluation of2. Knowles, B. H. Mechanism of actionBécillus thuringiensisnsecticidal
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