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ABSTRACT
Locusta migratoria L. is a recognised global pest that feeds on a wide 
range of graminaceous crops and pasture. The activity of the novel 
entomopathogenic bacterium Yersinia sp. (MH96) against L. migratoria
was investigated in the laboratory. Locusta migratoria were allowed 
to feed on ryegrass ( ) carrying Y. sp. residues, and 

Y. st instar 
L. migratoria
amongst 2nd rd instar L. migratoria

L. migratoria were exposed to 
Y

to the phenology of the bacterium at elevated temperatures. These 
initial studies indicate that Y. sp. has promise as a biopesticide against 
L. migratoria, especially against early instars.
Keywords: entomopathogen, biopesticide, locusts, locust control, instar 
stage.

INTRODUCTION
Locusta migratoria

pest in Africa, the Middle East and Australia with hoppers or adults causing substantial 

the widest distribution of any acridoid, comprising temperate and tropical parts of the 
Locusta migratoria

because of cooler temperatures, swarming behaviour is absent and the insect does not 
achieve pest status. 

Overseas, various control techniques and management strategies are employed to 
control not only L. migratoria, but the many other plague locust species that form swarms 

has traditionally relied on synthetic insecticides, and while this will remain the primary 

driven the search for a biological control option as part of an integrated pest management 

development of alternative control agents, such as microsporidia, entomophthoralean 

Pathogens, unlike predators and parasitoids, can be relatively cheaply mass-produced 

entomopathogens known to be active against locusts, the fungi Metarhizium anisopliae
var. acridum Driver & Milner and Beauveria bassiana

M. anisopliae var. acridum formulated 
L. migratoria,

and Australian plague locust, Chortoicetes terminifera
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Austracris guttulosa)

pathogen attachment, germination and penetration of the spore, and mortality (Hunter 
et al. 1999), allowing continued foliage consumption.

The entomopathogenic bacterium Yersinia sp. (MH96), isolated from a diseased 
grass grub larva (Costelytra zealandica
high oral activity against members of Coleopteran and Lepidopteran species, as well as 
the Orthopteran L. migratoria 
causing death through secretion of toxin followed by rapid invasion of the host haemocel 

Yersinia

Y. sp. (MH96) as a potential biopesticide for 
locust control was assessed using the migratory locust L. migratoria L. The ability of 
L. migratoria to tolerate elevated temperatures made it the ideal candidate to asses the 

Y

METHODS
Insects

Locusts (Locusta migratoria

The paper was moistened with distilled water twice per day until the experiment was 
set up. 
Bacterium culture

Yersinia

Operating parameters

L. migratoria
L. migratoria instars, 1st rd instar stages were used for assessment 

of Y

replacement assessments, were measured using temperature loggers (TinyTag Ultra 
2). The actual mean (min., max.) temperatures recorded in the environment chambers 

Fresh untreated ryegrass was replaced as required in each treatment with each container 
misted with distilled water once the food was replaced. Each foliage replacement took 

TABLE 1: Bioassay parameters of Yersinia sp. (MH96) against L. migratoria used 
in the three experiments. 

Expt No. replicates for each 
treatment (Instar) temperature

Locust exposure 
temperature(s)

1 Yersinia (4) st)
2  Yersinia (4) nd- rd)

Yersinia (4) rd)
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Insect bioassay
Yersinia

control. The solutions were applied to the point of run-off to the foliage of glasshouse-
grown ryegrass 

Locusta migratoria were anesthetised 
with CO2

they had recovered from exposure to CO2
oC. Mortality was observed every 

Data analysis

International Ltd, Hemel Hempstead, UK). 

RESULTS
Toxicity of Y. sp. (MH96) towards 1st instar L. migratoria at 23.5 or 37°C

SEM) 
st instar L. migratoria

of the control L. migratoria

was consumed compared with the control, yet despite reduced consumption, mortality 
occurred within 24 h of exposure to the bacteria. 

FIGURE 1: Cumulative mortality of 1st instar L. migratoria maintained at 23.5°C 
or 37°C when consuming ryegrass treated with Yersinia sp. (MH96) 
that was cultured at 25°C.
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Toxicity of Y. sp. (MH96) to 2nd – 3rd instar L. migratoria at 23.5°C
Mortality of the 2nd rd instar stage was less than that observed for 1st instar 

L. migratoria
higher than the mortality observed in the controls ( 2

L. migratoria exposed to Y. 
( 2

treated foliage was less than that observed in the controls.

FIGURE 2: Cumulative mortality of 2nd–3rd instar L. migratoria maintained at 
23.5°C when consuming ryegrass treated with Yersinia sp. (MH96) 
that was cultured at 25°C 

Toxicity of Y. sp. (MH96) grown at 25 or 37°C towards 3rd instar L. migratoria
held at 23.5 or 37°C

subsequent L. migratoria rd instar L. migratoria exposed to bacteria 

L. migratoria exposed to bacteria that was grown 
2

L. migratoria
L. migratoria

2

The temperature at which the locusts were held had a more marked effect on mortality 
rd instar locusts 

Irrespective of the temperature at which the bacteria was cultured, the overall mortality 
of L. migratoria

2

Locusta migratoria
temperature at which the bacteria was grown. It was necessary to replace the ryegrass 

L. migratoria exposed to 
bacteria-treated ryegrass, the rate of consumption was less but ryegrass still had to be 

in the controls, as in experiments 1 and 2.
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FIGURE 3: Cumulative mortality of 3rd instar L. migratoria maintained at (a) 
23.5°C or (b) 37°C when consuming ryegrass treated with Yersinia 
sp. (MH96) that was cultured at 25 or 37°C 

DISCUSSION
This work has shown that Yersinia rd instar 

L. migratoria, with highest activity towards the 1st instar stage. Optimal lethality occurred 

Oedaleus senegalensis
(Krauss) and Schistocerca gregaria (Forskål) to the microsporidian Paranosema locustae
Canning was concentration dependent, with younger instars being more susceptible 
than older instars and longer median survival time recorded in later instars compared 
to the younger instars. For L. migratoria this was most pronounced when Yersinia sp.

rd

Y. sp. (MH96) where the rapid 
rate of food consumption at elevated temperatures results in a heightened throughput of 

Yersinia spp. exhibit 

of Y.
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Studies have shown that locusts have an active behavioural thermoregulation seeking 

M. anisopliae
wingless grasshopper (Phaulacridium vittatum)

of Y. sp. towards 1st instar L. migratoria rd instars. 
L. migratoria following infection 

with Metarhizium anisopliae var. acridum
will need to investigate any behavioural response by L. migratoria to infection by Y. sp. 

Y. sp. 

at elevated temperatures at the time of application could be maximised. Concurrent 

control L. migratoria indicating that foliage sprayed with Y. sp (MH96) will not be 
quickly consumed. However, laboratory trials have indicated that very little foliage needs 
to be consumed to cause a lethal dose (M.R. McNeill, unpubl. data). An indirect result 
of this is that inoculated but uneaten vegetation would be available to infect the next 
locust, a situation that could be ideal for the control of moving bands of locust hoppers 

Yersinia
sp. shows a high level off pathogenicity against L. migratoria, and holds promise as an 
entomopathogen providing rapid kill of early instars. The potential against other key 
locust pests, such as Australian plague locust, Chortoicetes terminifera (Walker), spur-
throated locust (Austracris guttulosa) (Walker) and desert locust Schistocerca gregaria
(Forskål), still needs investigation. Not all Orthoptera will necessarily be susceptible 
to Y. Teleogryllus commodus)
(Walker) found little toxicity against either neonate or adult stages (M.R. McNeill, unpubl. 

Y. sp. as 
a biocontrol agent are areas for further investigation if this entomopathogen is to be viable 

Y. sp. (MH96) has promise as a future entomopathogen, at least against L. migratoria.
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