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Summary 

A laboratory bioassay was developed to measure the response of full-size Small Hive Beetle, Aethina tumida Murray larvae to 
insecticidal soil treatments. Formulated products diluted in water were sprayed onto the surface of 15 cm columns of soil contained in 9 
cm diameter plastic tubes prior to the release of larvae onto the soil surface or onto soil already containing pre-pupae. Chlorpyrifos 
(Lorsban®), permethrin (Permex®) and imidacloprid (Premise®) were the most effective of the insecticides tested. Trials with 
permethrin and imidacloprid demonstrated that treatments were effective irrespective of whether larvae were placed onto previously 
treated soil or were present in the soil before spray application. The persistence activity of permethrin and imidacloprid in soil was 
measured by exposing treated soil to ambient weather. In one trial, toxicity to beetle larvae diminished with time. However, in a second 
trial, where heavier rainfall was recorded, effectiveness was maintained at a high level throughout the 89 days post-treatment interval. 
This suggests that rainfall influences soil moisture content which in turn presumably assists contact between larvae and insecticide 
residues. 
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INTRODUCTION 
Small Hive Beetle, Aethina tumida Murray 
(Coleoptera: Nitidulidae) is well established on 
Australia’s eastern seaboard and is the cause of 
increasing concern to commercial and amateur bee 
keepers alike. Degree of hive damage caused by larvae 
varies but can be complete hive loss.  Opportunities for 
insecticide intervention for the control of Small Hive 
Beetle occur in the hive where larvae feed and adults 
harbour and lay eggs, and in the soil in front of the hive 
where wandering larvae pupate. In the United States of 
America insecticidal control of the Small Hive Beetle 
relies on permethrin soil drenches (Hood 2000) applied 
at the same application rate (500 mg permethrin L-1) 
used to control Fire Ants (Baxter et al. 1999) and on 
the use of coumaphos impregnated plastic strips 
(Check Mite+™) placed under cardboard on the hive 
bottom board (Elzen et al. 1999). In response to the 
realisation that Small Hive Beetle was present in 
commercial hives in western Sydney (Gillespie et al. 
2003), a Pesticide Permit was granted by the Australian 
Pesticides and Veterinary Medicines Authority 
(APVMA) to allow the use of products containing 
permethrin (500 g L-1 EC) as a soil treatment for the 
control of  larvae. The Permit was granted based on the 
American experience with similar permethrin-based 
products (Baxter et al. 2001). However, permethrin is 
only one of several treatment options that could be 
applied as a soil treatment. Here we report the results 
of laboratory bioassays with several insecticides, 
including permethrin, with potential as soil treatments.  
 

 

MATERIALS AND METHODS 
Insects 
Full size, post-feeding, 8-15 days old laboratory 
reared larvae (Haque and Levot 2005) were used in 
the bioassays. 

Insecticides 
Insecticide products tested (Table 1) were chosen 
because of their use or potential as soil treatments 
against other pests, or because they were known to be 
particularly residual in soil. 
 
Bioassays 
A 9 cm plastic petri-dish shell was taped to one end of 
20 cm lengths of 9 cm diameter plastic polypipe to 
achieve a close-fit. These pots were filled to a depth of 
about 15 cm with steam sterilised soil (equal volumes 
of coarse sand and peat moss) into which water had 
been mixed to attain moisture content of about 100 g 
kg-1. 
 
1. Dose-response bioassays. Each product was diluted 
in water to produce a serial range of six concentrations 
(31-1000 mg L-1). Beginning with water (control) and 
then moving from the lowest to the highest 
concentration the surface of the soil was sprayed via a 
manual atomiser with 23 mL of solution (equivalent to 
4 L m-2). Each solution was applied to four pots of soil 
(replicates). One day later groups of 20 larvae were 
tipped onto the soil surface and allowed to burrow.   
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Beetle-proof cloth mesh was secured over the mouth of 
the pots with an elastic band to prevent insect escape. 
The pots were placed inside an incubator operating at 
29oC. About three times per week the soil surface in 
each pot was lightly misted with water to prevent the 
soil drying out. Beginning when the first beetles 
emerged and continuing daily until emergence had 
ceased, the number of live adult beetles produced was 
recorded. LC50s (the concentration lethal to 50% of 
the population) were calculated by probit analysis 
(Finney 1970). The raw dose-response data were used 
to determine minimum concentrations causing 100% 
mortality of larvae. 
 
2. Effectiveness against larvae already in soil. Twenty 
larvae were released onto the surface of the soil in 
plastic polypipe pots and allowed to burrow. Permex® 
and Premise® were each diluted in water according to 
the label rate for application to soil (500 mg L-1, Table 
1). About 1-2 h after the beetle larvae were released the 
solutions were sprayed onto the soil surface at a rate 
equivalent to 4 L m-2. There were four replicates per 
treatment. Larval mortality was assessed as before. 
 
3. Residual effectiveness. The toxicities of Permex® and 
Premise® residues in soil exposed to direct sunlight and 

rainfall were tested at different times of the year. The 
two products were each diluted in water according to 
the label rate for application to soil (500 mg L-1, Table 
1). In summer (February 2004) and again in early 
spring (September 2004) 24 pots of soil were treated 
with Permex®, Premise® or water (controls) and placed 
outdoors in a location exposed to direct sunlight and 
rainfall. On-site rainfall was measured throughout the 
trial intervals and temperature data from the Camden 
Airport weather station was obtained. Beginning 1 day 
(7 days in spring) after treatment and repeated at 7, 14, 
28, 56 and 84 (Trial 1) or 89 (Trial 2) days after 
treatment, four pots of soil from each treatment were 
brought into the laboratory to equilibrate to room 
temperature. If dry, the soil surface in each pot was 
lightly misted with water. Full-size larvae (20 per pot) 
were released onto the soil surface and allowed to 
burrow. Beetle-proof cloth mesh was secured over the 
mouth of the pots with an elastic band and the pots 
placed inside an incubator operating at 29oC. About 
three times per week the soil surface in each pot was 
lightly misted with water to prevent the soil drying out. 
Beginning when the first beetles emerged and 
continuing daily until emergence had ceased, the 
number of adult beetles that emerged was recorded. 

Table 1. Insecticidal products tested for toxicity to Small Hive Beetle larvae. 

Insecticide Product tested, formulated concentration and manufacturer 

Permethrin Permex® EC (500 g L-1) Farmoz Pty. Ltd. 

Imidacloprid Premise® 200SC Termiticide (200 g L-1) Bayer CropScience Aust. Pty. Ltd. 

Thiacloprid Calypso® 480SC (480 g L-1) Bayer CropScience Aust. Pty. Ltd. 

Bifenthrin Talstar® 100 EC (100 g L-1) FMC (Chemicals) Pty. Ltd. 

Profenophos Curacron® 500 Pro (500 g L-1) Syngenta Crop Protection Pty.Ltd. 

Chlorpyrifos Lorsban® 500EC (500 g L-1) Dow AgroSciences Aust. Pty. Ltd. 
Diflubenzuron Strike® (250 g L-1) Schering-Plough Animal Health Ltd. 

Treatment % mortality 

Days after treatment 
1 7 14 28 56 84 

Cumulative rainfall (mm) dur-
ing trial period1 

0 8.5 9.5 29 100 133.5 

Permex® (500 mg L-1) 98 63 24 28 58 30 

Premise® (500 mg L-1) 93 50 79 30 28 20 
Control (water) 6 0 4 1 4 5 

Table 2. Residual activity of Permex® and Premise® soil treatments against Small Hive Beetle larvae (Trial 1). 

1. Relatively dry, mild weather, cumulative rainfall = 133.5 mm over 15 events; application mid-summer 2004 
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Figure 1. Dose-response lines for Small Hive Beetle larvae exposed to one day old insecticide residues in soil.  

RESULTS 
1. Dose-response bioassays. Control mortality did not 
exceed 5% in any bioassay and was usually nil. 
Diflubenzuron residues in soil killed very few larvae 
but the results for the other insecticides demonstrated a 
concentration related response. Based on LC50 these 
insecticides could be ranked in ascending order of 
toxicity to larvae as: bifenthrin (15 mg L-1) > 
chlorpyrifos (90 mg L-1) > permethrin (104 mg L-1) > 
imidacloprid (212 mg L-1) > thiacloprid (293 mg L-1) > 
profenophos (611 mg L-1). However if the ranking was 
based on mortality recorded in the 500 mg L-1 
treatments the order was: chlorpyrifos (100%) ≥ 
permethrin (99%) > imidacloprid (88%) > bifenthrin 
(83%) > thiacloprid (68%) > profenophos (33%). Apart 
from the dose-response line for bifenthrin which was 
particularly shallow, the slopes of the dose-response 
lines for the other insecticides were moderate (Figure 
1). 
 
2. Effectiveness of Permex® and Premise® against 
larvae already in soil. After correction (Abbott 1925) 
for control mortality (16%) the percentages of larvae 
killed following soil treatment with permethrin or 
imidicloprid were 75 and 92% respectively. 
 
3. Residual effectiveness of Permex® and Premise®. In 

the first of the trials that aimed to measure residual 
activity, one day old residues of both Permex® and 
Premise® provided very high larval kill but larval 
mortality generally declined with the age of the 
residues (Table 2). By one month after treatment only 
about 30% of larvae were killed by either treatment. 
Up to this time the soil had been exposed to high 
summer temperatures (mean daily maximum = 31.0oC; 
range 24.0-39.1) and a total of only 29 mm of rain. 
 
In the second trial, larval mortality after 7 days was 
similar to those recorded in the first trial. Thereafter, 
however, both products continued to kill a high 
proportion (64-92%) of larvae (Table 3). Almost twice 
as much rainfall fell during this trial (Tables 2, 3) and 
ambient temperatures were milder (mean daily 
maximum throughout entire trial interval = 25.5oC; 
range 16.3-41.7). 
 

DISCUSSION 
In the absence of any registered treatments for use in 
commercial hives to control or trap adult Small Hive 
Beetles, Australian bee keepers must rely on 
permethrin soil drenches if chemical intervention is 
deemed necessary. Permex® (permethrin) was shown 
to be the second most effective larvicide after Lorsban® 
(chlorpyrifos) in this bioassay. Premise® (imidacloprid) 
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was the third most effective insecticide. Imidacloprid is 
registered in Australia for the treatment of soil for 
termite control and prevention. Together with 
bifenthrin it has largely replaced chlorpyrifos for this 
purpose. Chlorpyrifos performed well in our bioassays and 
would certainly be effective against Small Hive Beetle 
larvae but is quite toxic to mammals (Worthing 1987). In 
view of their similar levels of effectiveness and the lower 
toxicity to mammals of imidacloprid (Elbert et al. 1990) 
and permethrin (Ruscoe 1977) these insecticides offer 
some advantages over chlorpyrifos. At relatively low 
application rates bifenthrin (Talstar®) was quite 
effective against larvae but efficacy did not improve 
greatly at much higher rates and complete kill was not 
achieved even at 1000 mg L-1 (Figure 1). Low 
application rates are attractive but while permethrin 
remains effective bifenthrin is not sufficiently superior 
at these low rates to offer a significant benefit. 
Thiacloprid (Calypso®) and profenophos (Curacron®) 
were less effective. Diflubenzuron (Strike®) residues 
from spent sheep dips are extremely persistent in soil 
(Levot et al. 2004) and yet this insect growth regulator 
failed to prevent larval development (Figure 1). The 
tough cuticle of the larvae and the strong binding of 
diflubenzuron to the soil may prevent the insecticide 
entering the insects.  
 
Our results demonstrate that permethrin or 
imidacloprid applied as soil pre-treatments are highly 
effective against larvae for only a short time (Tables 2, 
3). The current Permit for permethrin (APVMA Permit 
Number - PER 7347) recommends re-application at 30 
day intervals. In our trials mortality caused by 
permethrin or imidacloprid had dropped markedly by 
28 days after treatment. In Trial 1 about 100 mm of 
rain fell between Days 28 and 84, temperatures were 
generally hot and effectiveness of either product was 
only about 30% (Table 2). In Trial 2, 165 mm of rain 
fell during the same interval, temperatures were milder 

and the effectiveness of both products remained 
reasonably high (Table 3). Heavy rainfall can affect the 
mobility of some insecticides in soil. Permethrin binds 
very strongly to organic matter and so, is not prone to 
leaching (Cooke et al. 2004) whereas imidacloprid is 
less strongly bound (Oliver et al. 2005) and likely to be 
more mobile. This suggests that it is unlikely that 
permethrin in particular, moved down the soil column. 
Instead, high moisture levels nearer the soil surface due 
to rain may have led to more larvae remaining in the 
zone containing the insecticide. Larvae prefer moist 
soil (Murrle and Newmann 2004; Haque and Levot 
2005) with 60-80% choosing to pupate 5-15 cm deep 
(Pettis and Shimanuki 2000). However, larvae will 
burrow deeper if the upper level of soil is dry. In Trial 
1 when high temperature and lower rainfall dried the 
soil surface, larvae may have pupated below the zone 
containing the insecticide residues. If so, they would 
have been exposed to insecticide only while they 
crawled through the treated zone. 
 
In the trial where larvae were allowed to burrow into 
the soil 1-2 h prior to insecticide application, the soil 
was pre-moistened such that the soil column was 
uniformly appropriate for pupation. The result was 
high mortality in both the permethrin and imidacloprid 
treatments. The duration of contact between larvae and 
insecticide needed to kill the insects is unknown but 
intuitively, the longer the contact the more likely it is 
that larvae will be killed. The high mortality seen in 
this trial suggests that either the insecticide solution 
penetrated sufficiently into the soil to contact most of 
the larvae, or larvae stayed in the treated surface layer 
and were not forced lower in search of moisture. This 
suggests that under practical use there may be merit in pre-
wetting the soil, perhaps with a wetting agent, or in 
watering in the insecticide treatments. 
 
The bioassay described here is a simple test to measure 

Treatment % mortality 

Days after treatment 
7 14 28 56 89 

Cumulative rainfall (mm) dur-
ing trial interval1 

0 28 80.5 179.5 245 

Permex® (500 mg L-1) 69 75 76 74 85 

Premise® (500 mg L-1) 50 70 64 88 92.5 
Control (water) 0 2.5 0 0 2.5 

Table 3. Residual activity of Permex® and Premise® soil treatments against Small Hive Beetle larvae (Trial 2). 

1. Relatively wet, mild weather; cumulative rainfall = 245 mm over 22 events; application date: 8 September 2004. 
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the relative potency of insecticide products against 
Small Hive Beetle larvae. One of our aims was to 
measure residual effectiveness of permethrin and 
imidacloprid when treated soil was exposed to direct 
sunlight and rain, such as would occur around bee 
hives. Sandy soil of known composition was used as 
Small Hive Beetle requires open soils for pupation 
(Fletcher and Cook 2002). Although the results of only 
a few trials are presented, it appears that the 
effectiveness of both insecticides was influenced by 
soil moisture. The relatively high mortality rate of 
larvae even 12 weeks after treatment in Trial 2 
suggests that, at least under mild conditions, insecticide 
degradation was slow. More consistent results are 
likely if soil moisture had been maintained. 
 
The currently recommended practice of applying a 
permethrin soil drench to control Small Hive Beetle 
larvae was shown to be effective, especially in moist 
soil. If an alternative is needed in the future, or if a suitable 
permethrin formulation becomes unavailable, imidacloprid 
or bifenthrin should be considered as possible substitutes. 
Chlorpyrifos would certainly be effective but 
organophosphorus insecticides are increasingly under 
regulatory scrutiny and are unlikely to be approved for 
uses if alternatives are available. Even distribution of 
insecticide in the top 10-15 cm of the soil profile is 
essential to achieving high larval mortality. Our results 
provide circumstantial evidence that high moisture content 
following heavy rainfall improved treatment effectiveness.  
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