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Abstract:
The effects in grasshoppers of the protozoan, Nosema locustae, and formulations of N. locustae with
the insecticides, malathion and carbaryl, or with an entomovirus, the grasshopper inclusion body virus
(GIBV), were investigated during 1976, 1977, and 1978. A standard bioassay technique was devised
for testing materials in the laboratory and mortality and incidence of infection were determined for
three species of grasshoppers: Melanoplus sanguinipes, Melanoplus bivittatus, and Melanoplus
differentialis. Plots 4 hectares in size were used to evaluate bait formulations against rangeland
grasshoppers in Montana.

A continuous flow augering system for formulation and a modified seed spreader for application of
bran bait were developed. N. locustae primarily infects the fat body of the grasshopper and results in
reduced vigor and eventually death. The virulence of N locustae varied between strains, species, and
subfamilies. A logarithmic relationship between the dosage of N. locustae used for initiating infection
and the mortality and incidence of infection was demonstrated. Between 2.5 and 7.4 billion spores per
hectare on 1.68 to 3.36 kilograms of bran were considered to be an efficient level of inoculum to apply
for significant control of grasshoppers on rangeland. Applications when grasshoppers were in the
third-instar of development resulted in better control than later applications. Once initiated, the
infection spread through the population and caused reductions in density of 30 percent with 30 percent
of the survivors showing infection within 6 weeks post-application. Infection by N_. Iocustae may
increase the toxicity of malathion when fed orally to some species of grasshoppers in the laboratory but
evidence of a stress phenomenon induced by the pathogen could not be demonstrated in field tests.
Midseason spraying with ULV malathion to prevent oviposition might not disrupt an epizootic of N_.
locustae initiated earlier in the season. Third-instar grasshoppers fed oral doses of malathion or carbaryl
died within 24 hours while GIBV and N. locustae acted slower. Combinations of N. locustae with
malathion, carbaryl, or GIBV were non-antagonistic and additive in action in laboratory assays.
Formulations of malathion-N. locustae on bran rapidly reduced densities of grasshoppers and produced
infection in the residual population. Reductions in density of 25-50 percent occurred within 3-5 days
after malathion was applied as a 0.4 percent bran bait either alone or in combination with N_. locustae.
Grasshopper populations treated with formulations of malathion-N. locustae displayed lower infection
rates than when the pathogen was applied by itself. Slowing the spread of infection by simultaneously
applying malathion with N. locustae was considered only temporary. The benefits of using an
integrated approach for managing grasshopper populations on rangeland are discussed. 
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