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Part 3 – Final Report Guide (due 31 October 2008) 

(The points below are to be used as a guideline when completing your final report.) 
 
Background 

1. Outline the background to the project. 

 
With the introduction of transgenic cotton in Australia to control Helicoverpa spp., a reduction in 

chemical insecticide usage has occurred. Subsequently, there has been an increase in the populations 

of sucking insect pests such as green mirids and green vegetable bugs. Control of these emerging 

pests with broad-spectrum insecticides depletes beneficial insect populations and often leads to 

outbreaks of secondary pests, such as mites, aphids and silver leaf whitefly, and inevitably selects for 

insecticide resistant strains. Dealing with the likelihood of resistance requires on-going monitoring for 

resistance to key insecticides if future control problems are to be averted.  

 

In Australia, cotton aphid reproduces almost exclusively asexually, essentially they clone themselves. 

This method of reproduction allows the very rapid fixing of genotypic changes into a population as 

there is no inclusion of alleles from male cotton aphid. This is particularly evident with insecticide 

resistance genes and the rapid appearance of resistant strains seen shortly after insecticide usage. 

Cotton aphid is resistant to a range of insecticides in many crops and countries. Some ten years ago 

high-level resistance to organophosphates (omethoate and dimethoate) and some carbamates 

(pirimicarb) developed in cotton aphid strains causing control failures (Herron et al. 2001) but in 

recent seasons the efficacy of both products has been recovered. More recently Prima Facia 

neonicotinoid resistance was detected in two cotton aphid strains during the 2007-2008 season and 

during the following 2008-2009 season neonicotinoid control failures were reported for the first time 

and resistance increased in both level and abundance (Herron and Wilson 2011). Similarly, TSM is 

notorious world-wide for developing miticide resistance and this has occurred many times in 

Australia. TSM insecticide resistance continues to evolve in cotton and most recently caused 

chlorfenapyr (Intrepid®) resistance (Herron et al. 2004). 

 

Green mirid in particular are proving to be a serious emerging pest in Bollgard II crops. This is 

primarily due to the reduction in insecticides used against Helicoverpa spp., which also formerly 

suppressed mirid populations. There has been an increase in spray formulations specifically targeting 

mirids. Currently there is a high reliance on dimethoate, clothianidin and fipronil for mirid control and 

there is a risk that resistance will occur and potentially serious crop losses. Overseas data indicate that 

similar sucking bug pests, such as, Lygus lineolaris in the south eastern USA can quickly develop 

resistance to organophosphates and pyrethroids (Scott and Sondgrass 2000). However, Australian 

resistance researchers currently do not possess the capability to detect resistance in green mirids. 

 

Continued insecticide resistance monitoring is essential for effective ongoing resistance management 

of these sucking pests of cotton. For this reason the major thrust of DAN197 is the use of resistance 

monitoring technologies, both conventional bioassay and molecular genetic, to monitor resistance in 

TSM and cotton aphid against key pesticides used for their control. Additionally, there is a need to 

establish and verify a practical bioassay methodology that can be used with green mirids as a first step 
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to establishing robust baseline data that is essential for resistance monitoring. Finally new 

methodologies, both for conventional bioassay and molecular genetic tests, are required for new 

unique mode of action chemicals and to help speed up testing to reduce the delays inherent with 

bioassay based research.      
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Objectives 

2. List the project objectives and the extent to which these have been achieved. 

 

1. Monitor resistance in two-spotted mite and cotton aphid against key pesticides. 

Two-spotted mite and cotton aphid were collected by Drs Herron and Wilson during their 

annual end of season collecting trips and by growers and consultants. These were returned to 

the EMAI insectary for subsequent culturing and resistance testing against key pesticides. The 

objective for aphids was fully met with all strains being successfully cultured and tested for 

resistance using both molecular genetic and bioassay techniques. The objective for two-

spotted mite was not fully met as no mites were tested for resistance during season 2009-2010 

although collections were made by Drs Herron and Wilson for that purpose.  Unfortunately in 

that season mite strains died out for no apparent reason after collection and numbers never 

increased to levels necessary for testing. This last 2010-2011 season two-spotted mite were 

again slow to increase and careful checking found contaminant Tarsonemid mites. 

Unfortunately, species specific identification was not possible and taxonomists were not 

certain if the Tarsonemid mite was an obligate plant feeder. The identifying taxonomist noted 

that within the family Tarsonemidae there are some species that have been recorded as 

predating on insect eggs and perhaps that may also include mite eggs.  Although speculative, 

we can confirm that once the Tarsonemid mites were removed from the cultures the two-

spotted spider mite populations recovered and were tested for resistance. 

 

2. Develop and or refine methods to handle and breed mirids. 

The objective was not met for two reasons. Firstly, a field collected strain of mirids was being 

maintained during 2007/2008 but the culture was left to die out so resources could 

concentrate on aphid resistance bioassay due to the emerging neonicotinoid resistance 
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problem at that time. Mirid culturing is extremely time consuming and technically difficult 

requiring a huge resource input. However, with the explosion of neonicotinoid resistance in 

cotton aphid extra chemicals had to be tested to evaluate the risk of cross resistance within the 

neonicotinoid group, such as clothianidin and imidacloprid. This required development of  

full log dose probit analysis for each insecticide. For that reason the establishment and 

bioassay of mirids was delayed until the 2008/2009 aphid resistance testing was complete. In 

addition, a new chemical called spirotetramat was made available that required generating 

baseline data using 2009/2010 aphid strains which we have maintained for this purpose. This 

has generated an enormous amount of unplanned, but essential testing. Finally, in the 

2009/2010 season a more sustainable solution was decided upon where mirids were to be 

collected locally, tested immediately, and data used to generated and establish a baseline 

response. That removed the need to maintain a perennial strain saving some 3 days FTE of 

staffing per week trying to keep mirids ready for testing. 

 

3. Develop and/or refine methods to test mirids for resistance 

The objective was met during season 2009/2010 when green mirids were collected from 

EMAI grown lucerne and a bioassay methodology was tested against them. Mirids were 

returned to the laboratory and sprayed with the insecticides fipronil, clothianidin or 

dimethoate with the aid of a Potter spray tower. Post spray mirids were maintained on bean 

pods set in agar within a Petri dish. Data generated was assessed at a 24, 48 and 72 h with 

holding period (WHP) with 48 h being chosen for subsequent assays because mortality had 

stabilised and control mortality at the 48 h was usually acceptable.  

 

4. Extension    

The objective was fully met over the entire duration of the study. Dr Herron gave an invited 

presentation on aphid resistance and management at the 14th Australian cotton conference. 

Additionally, Dr Herron participated in the resistance extension road show in the years when 

it was undertaken by the CRDC and actively participated in the annual TIMS Technical 

Review meetings that then progressed into timely resistance management strategy 

modifications via the Cotton Pest Management Guide. Finally Dr Herron ensured that 

growers and consultants spoken to before the annual collections for resistance testing received 

a personal emailed report of that seasons testing.   

   

Methods 

3. Detail the methodology and justify the methodology used. Include any discoveries in 
methods that may benefit other related research. 

 

Chemicals tested 

Aphids were treated with endosulfan (Thiodan®), acetamiprid (Intruder®), clothianidin 

(Shield®), diafenthiuron (Pegusus®), imidacloprid (Confidor®) and thiamethoxam 

(Actara®) but not all chemicals were tested all seasons. All were proprietary commercial 
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insecticide formulations except diafenthiuron (Pegasus®) for which the UV activated 

carbodiimide derivative of diafenthiuron, CGA-140408, was tested instead. This was 

necessary because diafenthiuron is activated by exposure to UV light, which would not 

normally occur in the laboratory. Note that clothianidin (Shield®) and thiamethoxam 

(Actara® or the seed dressing Cruiser®) are from the same neonicotinoid chemical group. 

Some aphid strains were further tested against spirotetramat (Movento®) and sulfoxaflor 

(Transform™) to establish baseline data for resistance monitoring. 

 

TSM were treated against abamectin (Agrimec®), bifenthrin (Talstar®), propargite 

(Comite®), and diafenthiuron (Pegasus® as CGA140408). 

 

Mirids were tested against fipronil (Regent®), clothianidin (Shield®) or dimethoate (eg 

Dimethoate 400 or Saboteur®)  

 

Aphid collection and culturing 

Aphids were collected by researchers, CRC Regional Extension Officers, consultants and 

growers from commercial cotton fields or cotton plants in the vicinity of commercial crops. 

They were sent to the bioassay laboratory at Camden (Elizabeth McArthur Agricultural 

Institute, EMAI) and each field strain was cultured separately on pesticide-free cotton at 25 ± 

4 oC under natural light. Strain integrity was assured by maintaining populations in purpose 

built insect proof cages. If the field sample contained sufficient aphids a small subpopulation 

of each field strain was collected for use in the molecular assays immediately. Any 

subpopulations taken immediately after collection from the original field submissions are 

indicative of farm level resistance.  

 

Resistance detection 

Via Bioassay. Adult apterous aphids (except spirotetramat that were 0-24 h old nymphs) 

were tested by placing them in a 35 mm Petri dish on an excised cotton plant leaf disc 

fixed in agar (Herron et al. 2001). Briefly, batches of ten adult (except spirotetramat that 

used nymphs) female aphids per leaf disc were then sprayed with a discriminating dose of 

insecticide with the aid of a Potter spray tower. All tests were replicated (unless otherwise 

marked) and included a water-only sprayed control. After spraying, clear plastic film was 

used to cover the Petri dishes, which were then maintained at 25 ± 0.1 oC in 16:8 L:D for 

24 h (except spirotetramat 72h) after which mortality was assessed. Some strains were 

further tested at multiple insecticide concentrations to allow probit regression and 

resistance factor calculation. Strains subjected to probit analysis had LC50 values 

determined that were used to calculate LC50 level resistance factors plus their 95% 

confidence interval using methods outlined in Robertson and Preisler (1992).  Against 

spirotetramat (Movento®) and sulfoxaflor (Transform™) probit analysis was used to 

establish a baseline response for future resistance monitoring.   

 

Via Molecular Assay. Pirimicarb (Pirimor®) and organophosphate resistances were 

detected via an established DNA based method (McLoon and Herron 2009). Briefly, DNA 
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is isolated from 20 individual aphids from each of the different field strains and individual 

aphid DNA extractions were subject to PCR amplification of the AceI gene (covering the 

mutation responsible for resistance) using PCR followed by  restriction enzyme digests 

with the enzymes; SspI (carbamate resistance) and PdiI (organophosphate resistance). 

Note that the SspI enzyme detects resistance to pirimicarb, which would normally also 

give cross resistance to dimethoate and omethoate, while the PdiI enzyme detects another 

resistance mechanism to organophosphates (profenofos and chlorpyrifos) based on a 

second mutation within the AceI gene. Agarose gel electrophoresis was performed to 

visualise the result of the enzyme digests. Gel concentrations were 2%, run for 90 minutes 

at 94V and saved as digital images using the Gel Dock System (Bio Rad). 

 

Two-spotted mite 

Strains of TSM are collected from a range of cotton fields in NSW and put into culture as 

above. The bioassay procedure required young adult female mites to be transferred from 

culture to French bean leaf discs (Herron et al. 2004). Briefly, mites and leaf discs were then 

sprayed with a discriminating dose of insecticide with the aid of a Potter spray tower as 

above. Each test was replicated (unless otherwise indicated) and included a water only 

sprayed control that did not exceed 15%. After spraying, mites on leaf discs were maintained 

at 28 ± 0.1 oC in constant light for 48 h after which mortality is assessed. 

 

Mirids 

Adult green mirid was tested via bioassay using methods modified for aphids given above. A 

piece of bean pod was set in agar rather than a cotton leaf disc and mortality assessed at 24, 

48 and 72 h post treatment. 
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Results 

4. Detail and discuss the results for each objective including the statistical analysis of 
results. 
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Aphids 

For the first time since the 1999-2000 control failures pirimicarb (Pirimor®) and general OP 

resistance was not detected in any of the 24 cotton aphid strains collected during 2008-2009 

(Table 1). Interestingly, endosulfan resistance was detected in a single strain, something that 

has also not occurred for several seasons. Unexpectedly, there were multiple survivors in 

multiple strains detected at the discriminating dose against the neonicotinoid insecticides 

acetamiprid (Intruder®), thiamethoxam (Cruiser®), clothianidin (Shield®) and imidacloprid 

(Confidor® or Gaucho®).  This suggests a significant increase in the level and abundance of 

neonicotinoid resistance compared to the previous year. As individual strains were often 

resistant to more than one neonicotinoid insecticide it implies cross resistance between those 

insecticides tested. Unfortunately one of the neonicotinoid strains tested (E Wer) was 

associated with a neonicotinoid field control failure. Surprisingly, low level suspect 

diafenthiuron (Pegasus®) resistance was also detected in some strains tested during 2008-

2009. Encouragingly there does not seem to be any obvious cross resistance relationship to 

the neonicotinoid resistance nor any control failures reported against diafenthiuron 

(Pegusas®). 

 

In 2009-10, for a second season in a row neither pirimicarb (Pirimor®) nor general OP 

resistance was detected in the 14 cotton aphid strains collected (Table 2). Endosulfan 

resistance was again detected at a very low level in two strains. There were again multiple 

survivors in multiple strains detected at the discriminating dose against the neonicotinoid 

insecticides with 78% of the strains tested showing some neonicotinoid resistance. 

Thiamethoxam (Cruiser®) and clothianidin (Shield®) resistance was 69 and 15 fold 

respectively. Again low level suspect diafenthiuron (Pegasus®) resistance was detected in 

two strains with the maximum level of 4.0 fold. 

 

For a third season in a row pirimicarb (Pirimor®) and general OP resistance was not detected 

in the cotton aphid strains collected during 2010-2011 (Table 3). There was again a single 

diafenthiuron (Pegasus®) survivor but the result seems indicative of vigour tolerance because 

any response is low level and does not change with selection (Figure 1). There were again 

multiple survivors in multiple strains detected at the discriminating dose against the two 

neonicotinoid insecticides tested. Alarmingly, 96% of the strains tested showed some 

neonicotinoid resistant aphids. Baseline data were generated for spirotetramat (Movento®) 

(Figure 2) and sulfoxaflor (TransformTM) (Figure 3).  Sulfoxaflor (TransformTM) proved a 

good fit to the probit model with current bioassay data indicating a discriminating dose of 

0.01 g sulfoxaflor / L (approximate LC99.9 upper 95% CI fiducial limit for the most tolerant 

strain Alch)(Figure 3). In contrast, spirotetramat (Movento®) data poorly fitted the probit 

model with doses required to achieve 100% control of individual strains varying more than an 

order of magnitude. For that reason it is not possible to calculate a reliable spirotetramat 

(Movento®) discriminating dose.  
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Two-spotted mite (TSM) 

For season 2008-2009 TSM were collected from NSW only (Table 4). Abamectin 

(Agrimec®) and diafenthiuron (Pegasus®) resistance were not detected. Propargite 

(Comite®) resistance was detected in one strain only and very low level chlorfenapyr 

(Intrepid®) resistance detected in four of the six strains tested. Bifenthrin (Talstar®) 

resistance was evident in all strains tested with some strains showing a very high proportion 

of resistant individuals (Table 4). Although collected in 2009-2010,TSM failed to establish 

into culture and could not be tested. 

 

Seven strains of TSM were collected for 2010-2011 but one was lost to predatory mites and 

another two succumbed to Australia Post handling (Table 5). Four strains were tested for 

resistance and no propargite (Comite®) or diafenthiuron (Pegasus®) resistance was detected. 

Abamectin resistance was detected in three of the four strains tested at frequencies less than 

10 percent and so likely one abamectin application away from a spray failure. Talstar® 

resistance was detected in all strains tested with some strains having a high proportion of 

resistant individuals that peaked at 60% in strain Nan Back F1. 

 

Green Mirid. 

Dose response data were obtained for fipronil, clothianidin and dimethoate with the aid of a 

Potter spray tower (Table 6). Data generated was assessed at a 24, 48 and 72 h after treatment 

with a 48 h (see Table 6, Regent® replicates) with-holding period (WHP) being the best 

compromise between excessive control mortality and bioassays reaching a stable end point 

mortlaity (see Table 6, dimethoate replicates). Any future bioassays with mirids will therefore 

use a 48 h WHP.   

 

Discussion   

Despite the overall reduction in sprays associated with Bollgard II®, resistance causing 

control failure against cotton aphid remains an issue. During the last season of the previous 

cotton study, DAN184, a Gwydir strain of cotton aphid was shown to have acetamiprid 

(Intruder®), thiamethoxam (Cruiser®) and thiacloprid (Calypso®) survivors. These 

discriminating dose survivors indicated a Prima Facie detection of resistance.  For this 

current study DAN197, the 2008-2009 season data saw neonicotinoid resistance increase in 

both level and abundance. For the first time neonicotinoid resistance causing control failure 

was seen in a single strain known as E Wer. Interestingly, the failure occurred despite a 

relatively low resistance factor of 3.1 fold suggesting the strain was very heterogeneous for 

resistance and so resistance levels could significantly increase with more selection. For strain 

E Wer, clothianidin (Shield®) was noted as not working at all and resistant individuals were 

detected. Another strain known as Fair was collected after an acetamiprid (Intruder®) 

application and poor product performance was noted. Again acetamiprid (Intruder®) resistant 

individuals were detected in the Fair strain. Worryingly, aphids that survived a field rate of 

clothianidin (Shield®) were also likely cross resistant to other neonicotinoid products. The 
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cross resistance detected is consistent with the study of Wang et al. (2007) that demonstrated 

a relationship between imidacloprid (Gaucho®) and acetamiprid (Intruder®) resistance in 

cotton aphid and that of Alyokhin et al. 2007 that linked imidacloprid (Gaucho®) resistance 

to thiamethoxam (Cruiser®) in Colorado potato beetle. Consequently Australian populations 

of cotton aphid must also be considered a single cross-resistance group as suggested by 

Nauen and Denholm (2005). Additionally some strains showed a low level of diafenthiuron 

(Pegusus®) tolerance but it did not appear related to the neonicotinoid resistance. 

 

During that 2008-2009 season neonicotinoid resistance was detected in 82% of the stains 

tested with thiamethoxam (Cruiser®) and clothianidin (Shield®) resistance peaking at 18 and 

10 fold respectively. Interestingly, the proportion of strains showing neonicotinoid resistance 

in 2009-2010 remained approximately static at 78% but maximum levels have risen. In the 

2009-2010 season thiamethoxam (Cruiser®) and clothianidin (Shield®) resistance peaked at 

69 fold and 15 fold resistance respectively. Such resistance must make the neonicotinoids 

unreliable for cotton aphid control and growers may well be better off using alternative foliar 

products for aphid control if neonicotinoid seed dressings have been used 

 

Interestingly, though the proportion of strains showing neonicotinoid resistance in 2009-2010 

remained approximately static at 78% but for season 2010-2011 the frequency of strains 

showing resistance increased to an extreme 96% of strains tested. Such resistance must make 

the neonicotinoids unreliable for cotton aphid control and preliminary glasshouse trial data 

generated at EMAI (DAN 1201 and 1203) suggests neonicotinoid seed treatments may not 

control all neonicotinoid resistant aphids. Growers may well be better off using alternative 

foliar products for aphid control if neonicotinoid seed dressings have been used. It is 

noteworthy that IPM friendly pirimicarb (Pirimor®) is currently resistance free so it would be 

a better first choice for an aphid specific foliar spray. Other alternatives are also available 

including, diafenthiuron (Pegusus®), spirotetramat (Movento®), pymetrozine (Chess®) an 

OP (e.g. chlorpyrifos) or spray oil. If foliar neonicotinoids are to be used against aphids I 

recommend the following to help manage resistance: 

 

1. Try to limit in-season use of foliar neonicotinoids for aphid control if they have been 

used as a seed treatment. 

2. If foliar sprays are required for aphid control and neonicotinoid seed treatments have 

been used it is most important that the first foliar spray is not from the neonicotinoid 

chemical group. It is essential to alternate. 

 

I now consider the low frequency of diafenthiuron (Pegasus®) discriminating dose survivors 

is due to vigour tolerance rather than resistance. In 2008-2009 13% of strains tested did have 

discriminating dose survivors that suggested resistance. These initial resistance detections 

during 2008-2009 were low level with a maximum response level of 3.6 fold. The following 

2009-2010 season found a similar 14% of strains showing discriminating dose survivors and 

again response levels remained static, peaking at 4.0 fold. Testing of aphids during 2010-2011 
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found a single aphid surviving a discriminating dose and again the strain would not pressure 

and levels did not exceed those already detected. Such a result is indicative of high level 

vigour tolerance (a super tolerant susceptible) rather than resistance. For this reason the 

diafenthiuron (Pegusus®) discriminating dose will be doubled for season 2011-2012 to 

0.003%. 

 

The false positive seen against diafenthiuron (Pegusus®) and cotton aphid highlights the need 

for robust and reliable baseline data. Baseline data generated to date for spirotetramat 

(Movento®) against cotton aphid has failed to produce consistent baseline data that can be 

used to discriminate between vigour tolerance and resistance. The bioassay methodology used 

for spirotetramat (Movento®) against cotton aphid was adapted from Elbert et al. (2008) 

except a Potter spray tower was used to apply product rather than a leaf dip. Elbert et al. 

(2008) proposed a spirotetramat (Movento®) cotton aphid discriminating dose of 0.03 g / L 

(30 ppm), yet baseline generated here shows the susceptible strains had survivors up to 0.25 g 

/ L implying a discriminating dose nearer to 1 g / L (1000 ppm). Further, we tested a cotton 

aphid strain from horticulture with spirotetramat (Movento®) with reported control issues but 

baseline data is so variable we couldn’t confirm or refute resistance. Variation in response 

between strains in this study is not the few fold suggested by Elbert et al. (2008) but more 

than an order of magnitude. Clearly something is wrong, either resistance or methodology 

issues. Resistance seems unlikely as our susceptible strain SB gave the most tolerant response 

(Figure 2). That then implies a problem with method adaption from Elbert et al. (2008) 

methodology being used here in Australia against cotton aphid. Methodology likely requires 

further modification that will be done in the forthcoming 2011-2012 cotton season (project 

DAN 1203) and will likely require a change to the bioassay withholding period. 

 

Resistance testing of TSM continues to be problematic with some strains collected not 

surviving long enough to be tested for resistance.  The loss of two strains from Hillston during 

season 2010-2011 is unfortunate but a direct consequence of a lack of overnight couriers from 

the area. The loss of a TSM strain to predators is regrettable but much improved on the last 

2009-2010 season where all strains were lost before testing without any obvious cause. A 

possible predator, that was very hard to see, was found in season 2010-2011 and confirmed as 

a Tarsonemid mite by taxonomists. Unfortunately, a specific identification was not possible 

and taxonomists were not certain if the Tarsonemid mite was a plant feeder. The identifying 

taxonomist noted within the family Tarsonemidae that some species have been recorded as 

predating on insect eggs and perhaps they may also eat mite eggs.  We can confirm that once 

the Tarsonemid mites were removed from the cultures they recovered and could be tested for 

resistance. 

 

Subsequent resistance testing of TSM during 2010-2011 produced unexpected positive results 

against abamectin. Abamectin resistance monitoring against TSM has rarely detected positive 

resistance results and from 2002-2003 abamectin resistance was not detected in TSM until 

season 2007-2008 when it was detected in a single strain. The following season all TSM 

strains were lost and now for 2010-2011 three out of the four TSM strains tested show some 
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abamectin resistance. Clearly something has changed with the way abamectin is being used 

against TSM in Australian cotton – and there was in some regions a high reliance of 

abamectin against mites due to high efficiacy and low price – with many field sprayed once, 

quite a few 2-3 times and some even more. If abamectin use against TSM continues at this 

high level than it will select resistant individuals and future control issues seem likely. 
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Outcomes 

5. Describe how the project’s outputs will contribute to the planned outcomes identified in 
the project application.  Describe the planned outcomes achieved to date. 

 
• Cotton aphid and two-spotted mite were collected from Australian cotton growing regions. 

 

• Two-spotted mite was susceptible against propargite (Comite®) and diafenthiuron 

(Pegasus®) but bifenthrin (Talstar®) and abamectin (eg Wizard®) resistance was detected. 

The detection of abamectin (eg Wizard®) resistance in 3 of the 4 strains during 2010-2011 

was highly unusual and may relate to high product use. 

 

• For the third consecutive season DAN197 ran molecular testing that did not detect pirimicarb 

(Pirimor®) or organophosphate resistance in field collected cotton aphid. These chemicals 

can now be used by cotton growers with confidence. 

 

• Neonicotinoid resistance in cotton aphid increased in both level and abundance as the study 

progressed. In 2010-2011, some 96% of the strains tested showed some level of neonicotinoid 

resistance (ie Actara®-Cruiser® or Shield®). Such ubiquitous resistance makes the 

neonicotinoids unreliable for cotton aphid control and growers may well be better off using 

alternative foliar products for their aphid control if a neonicotinoid seed dressing has been 
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used. Alternatives products available include pirimicarb (Pirimor ®), diafenthiuron 

(Pegusus®), spirotetramat (Movento®), an OP or spray oil. 

 

 

• Diafenthiuron (Pegasus®) cotton aphid survivor were found in small numbers though-out the 

study but no control issues were reported with any suspect diafenthiuron (Pegusus®) resistant 

strains. Subsequent diafenthiuron (Pegasus®) pressuring could not change any strain’s 

response to diafenthiuron (Pegasus®) implying vigour tolerance rather than resistance. For 

the 2011-2012 season, the diafenthiuron (Pegasus®) discriminating dose will be adjusted to 

control vigour tolerant cotton aphid. 

 

• Green mirid were tested against fipronil (Regent®), clothianidin (Shield®) and dimethoate 

(Rogor®) at 24, 48 and 72 h and results indicate that a 48 h withholding period would be 

suitable for future bioassays. 

 

6. Please describe any:- 
a) technical advances achieved (eg commercially significant developments, patents 

applied for or granted licenses, etc.); 
 

• Nil 
 
b) other information developed from research (eg discoveries in methodology, 

equipment design, etc.); and 
 

• Detection of kdr Pyrethroid Resistance in the Cotton Aphid, Aphis gossypii 
Glover (Hemiptera: Aphididae) using an PCR-RFLP Assay 

 
c) required changes to the Intellectual Property register. 

 
• Nil 

 
Conclusion 

7. Provide an assessment of the likely impact of the results and conclusions of the research 

project for the cotton industry.  What are the take home messages?  

 

Cotton aphid is an important pest of cotton due to its ability to reduce yield through 

feeding damage. Until the introduction of Bt-cotton to Australia in the mid 1990s 

cotton aphids were considered late season secondary pests because they were 

suppressed by insecticides used against other pests. However, from 1998-1999 season 

aphids have been more troublesome initially with control failures against pirimicarb  

(Pirimor®) and omethoate (Folimat®) making sticky cotton a real possibility and 

subsequently nearly a decade later more failures with neonicotinoids. Chemical 
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control failures necessitated a complete re-think and modification of the aphid IRMS 

that is still developing and evolving to this day. The strategy is underpinned by 

resistance monitoring and mitigation methods based on chemical alternation and non-

sequential use. This is augmented by a series of adjunct methods of aphid control that 

help put the resistance gene(s) at a selective disadvantage. Although the newly 

emerged neonicotinoid resistance in cotton aphid is a serous concern the Australian 

cotton industry is now much better placed to cope with resistance than back in 1998-

1999. With the help of good resistance management pirimicarb (Pirimor®) and 

omethoate (Folimat®) now work and new chemistry called spirotetramat (Movento®) 

is available and from 2010-2012 will be further augmented by the reintroduction of 

pymetrozine (Chess®). 

 

Unfortunately, for season 2010-2011 the frequency of strains showing neonicotinoid 

resistance increased to an extreme 96% of strains tested. Such resistance must make 

the neonicotinoids unreliable for cotton aphid control and preliminary glasshouse trial 

data generated at EMAI (DAN1201 and 1203) suggests neonicotinoid seed treatments 

also may not control all neonicotinoid resistant aphids. Growers may well be better 

off using alternative foliar products for aphid control if neonicotinoid seed dressings 

have been used. It is noteworthy that IPM friendly pirimicarb (Pirimor®) is currently 

resistance free so it would be a better first choice for an aphid specific foliar spray. 

Other alternatives are also available including, diafenthiuron (Pegusus®), 

spirotetramat (Movento®), pymetrozine (Chess®) an OP or a spray oil. If foliar 

neonicotinoids are to be used against aphids then try to limit in-season use of foliar 

neonicotinoids for aphid control if they have been used as a seed treatment. If foliar 

sprays are required for aphid control and neonicotinoid seed treatments have been 

used it is most important that the first foliar spray is not from the neonicotinoid 

chemical group. Finally, cotton gowers should consider the implications of coincident 

aphids if spraying neonicotinoids against other pests such as mirids. Aphids will 

develop resistance even if the sprays are not targeted directly against them.  



 

 

  14 of 40 

Table 1.  Pirimicarb and Organophosphate (OP) susceptibility using molecular diagnosis plus 
bioassay determination of endosulfan (Thiodan®), acetamiprid (Intruder®), clothianidin (Shield®), 
diafenthiuron (Pegasus® (CGA140408)), imidacloprid (Confidor®) and thiamethoxam (Cruiser®) via 
percent mortality at the discriminating dose (ie percent susceptible) and resistance factor (RF50)(95% 
confidence interval in brackets) for various strains of cotton aphid collected during season 2008-2009 
 
 
Strain Region OP 

(PdiI) 
 

Pirimor®  
(SspI) 

Endo 
0.035% 

Intruder®  
0.0002% 

Actara® 
0.002% 

Pegasus® 
0.0015% 

Shield® 
0.005% 

Confidor® 
0.002% 

The 
Ovr 
08 

Narrabri Susc Susc 100% 100% 100 NR 100% 
RF500.1 
(0.05-
0.2) 

NR 

Ros 
R2 

Dalby Susc Susc 100% 100% 80% 100% 93% 
RF501.7 

(0.5-
2.4) 

92% 

Brook St 
George 

Susc Susc 100% 100% 100%* 100% 100% 
RF500.8 

(0.4-
1.5) 

92% 

War 
F1 

Namoi 
Valley 

Susc Susc 100% 100% 100% 100% 100% 
RF500.4 

(0.3-
0.6) 

100% 

W 
Lag V 

Namoi 
Valley 

Susc Susc 100% 76% 86% 100% 95% 
RF504.8 

(2.9-
7.8) 

89% 

Elra Darling 
Downs 

Susc Susc 100% 82% 44% 
RF5018 
(7.4-
44.5) 

100% 99% 
RF503.0 

(1.9-
4.5) 

92% 

Bin Moree Susc Susc 100% 77% 57% 100% 89%* 
RF502.0 

(0.9-
4.0) 

96% 

The 
My 

Namoi 
Valley 

Susc Susc 100% 100% 100% 100% 91% 
RF502.9 

(1.3-
6.2) 

100% 

Kat 
Vol 

St 
George 

 

Susc Susc 100% 74% 
RF506.4 

(3.8-10.6) 

70% 95% 
RF502.6 
(1.6-4.2) 

80% 
RF506.2 

(3.0-
13.0) 

89% 
RF503.9 
(2.2-6.7) 

St R Dalby Susc Susc 100% 49% 
RF503.1 
(1.7-5.6) 

42% 
RF5014.0 

(6.5-
30.3) 

100% 98% 
RF501.4 

(0.5-
4.0) 

94% 

Kat S St 
George 

Susc Susc 100% 76%* 
RF501.2 
(0.7-2.1) 

73% 100% 70% 
RF505.9 

(2.9-
11.7) 

82% 
RF508.1 

(4.6-14.2) 
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Strain Region OP 
(PdiI) 
 

Pirimor®  
(SspI) 

Endo 
0.035% 

Intruder®  
0.0002% 

Actara® 
0.002% 

Pegasus® 
0.0015% 

Shield® 
0.005% 

Confidor® 
0.002% 

The 
Ovr 
09 

Dalby Susc Susc 100% 100% 98% 100% 100% 
RF501.6 

(0.9-
3.0) 

98% 

Cav Dalby Susc Susc 100% 100% 72% 100%* 90% 
RF502.8 

(1.0-
8.0) 

88% 
RF505.1 
(2.7-9.7) 

Ros 
R9 

Dalby Susc Susc 100% 100% 66% 100% 86% 
RF503.8 

(2.4-
6.2) 

84% 
RF509.1 

(6.3-13.1) 

Tull Namoi 
Valley 

Susc Susc 100%* 92% 71% 100% 98% 
RF503.2 

(1.9-
5.5) 

94% 

Wam Darling 
Downs 

Susc Susc 100% 98% 100% 100% 91% 99% 

War 
Vol 

Namoi 
Valley 

Susc Susc 100% 100% 100% 100% 100% 100%* 

Bal St 
George 

Susc Susc 100% 92% 100% 100%* 100%* 
RF501.6 

(0.6-
4.0) 

100% 

Nar Darling 
Downs 

Susc Susc 100% 91% 80% 95% 
RF503.6 
(2.1-6.2) 

50% 
RF5010 
(1.8-56) 

100% 

Went 
F6 

Namoi Susc Susc 99% 
RF501.8 

(1.3-
2.6) 

97% 100% 100% 100%* 99% 

W 
Lag 
F5 

Namoi 
Valley 

Susc Susc 100% 98% 98% 100% 95% 
RF502.1 

(1.3-
3.5) 

100% 

Yar Namoi 
Valley 

Susc Susc 100% 99% 100% 100% 98% 
RF504.1 

(2.1-
8.2) 

95% 

Fair Dalby Susc Susc 100% 87% 100% 100% 100%* 100% 
E.Wer Dalby Susc Susc 100% 94% 36% 

RF503.1 
(0.5-20) 

99% 
RF502.7 
(1.7-4.2) 

80% 
RF501.9 

(1.0-
4.0) 

97% 

 
* not replicated 
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Table 2. Pirimicarb and Organophosphate (OP) susceptibility using molecular diagnosis plus bioassay 
determination of endosulfan (Thiodan®), clothianidin (Shield®), diafenthiuron (CGA140408) 
(Pegasus®), and thiamethoxam (Actara or Cruiser®) resistance via percent mortality at the 
discriminating dose (ie percent susceptible) and resistance factor (RF50)(95% confidence interval in 
brackets) for selected strains of cotton aphid collected during season 2009-2010 
 
Strain Region OP 

( PdiI) 
 

Pirimor®  
(SspI) 

Endo 
0.035% 

Actara® 
0.002% 

 

Pegasus® 
0.0015% 

 

Shield® 
0.005% 

 

Bull F1 Darling 
Downs 

Susc Susc 100 100 100 100 

Yar F4 Darling 
Downs 

Susc Susc 100 99 100 100 

BG F134 St George Susc Susc 98 100 100 100 

Yar Rat Darling 
Downs 

Susc Susc 100 99 100 100 

Lan F4 Darling 
Downs 

Susc Susc 100 

64 
RF50 = 

39 
(25-63) 

100 

81 
RF50 = 

15 
(6.3-36) 

Kaj F1 St George Susc Susc 100 

44 
RF50 = 

43 
(23-80) 

100 

84 
RF50 = 

14 
(7.2-26) 

The Ovr Darling 
Downs 

Susc Susc 100 

60 
RF50 = 

58 
(30-114) 

100 

91 
RF50 =  

4.6 
(2.1-
10.2) 

Nun B12 Macquarie 
Valley 

Susc Susc 98 100 100 100 

My Pla 
F11 

Macquarie 
Valley 

Susc Susc 100 100 100 99 

F27 F15 St George Susc Susc 100 99 100 100 
Car Macintyre Susc Susc 100 80 100 89 

Pl Far 
F153 

St George Susc Susc 100 

49 
RF50 = 

69 
(45-105) 

100 89 

West F8 Macquarie 
valley 

Susc Susc 100 44 98 93 

Arm Macquarie 
valley 

Susc Susc 100 

53 
RF50 = 

39 
(20-75) 

89 
RF50 = 

4.0 
(1.4-11) 

95 
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Table 3. Pirimicarb and dimethoate susceptibility using molecular diagnosis (SspI)  plus bioassay 

determination of clothianidin (Shield®), diafenthiuron (CGA140408)(Pegasus®), and thiamethoxam 

(Actara or Cruiser®) resistance via percent mortality at the discriminating dose (ie percent 

susceptible) for cotton aphid collected during season 2010-2011 

 

Strain 

Pirimor® 
(SspI) 

Pegasus® 
0.0015% 

Shield® 
0.005 % 

Actara® 
0.002% 

Alch # Susc 100% 81% 75% 

Ball Susc 100% 90% 90% 

Bel Susc 100% 95% 85% 

Carn Susc 100% 96% 92% 

Car Gin Susc 100% 98% 92% 

Corin # Susc 100% 95% 85% 

Farm 101 Susc 100% 67% 47% 

Farm 96 # Susc 100% 100% 100% 

Glen av Susc 100% 89% 83% 

Glen twn orig Susc 100% 95% 76% 

Glen twn shld  Susc 100% 96% 67% 

Kilm   Susc 100% 91% 83% 

Kilm Unsprd  Susc 100% 93% 87% 

Mayf farm # Susc* 100% 91% 82% 

Myal P A Susc 100% 91% 71% 

Myal P B Susc 100% 96% 15% 

Nor Field Susc 100% 93% 94% 

Nor TSM Split Susc 100% 95% 92% 

Pal Lyn Susc 100% 90% 78% 

Plant farm # Susc 100% 90% 88% 

Red M Susc 100% 89% 93% 

S Gin Block # Susc 99% 89% 85% 

The Bore pad Susc 100% 94% 86% 

Wat Susc 100% 95% 55% 

W Gin Block Susc 100% 92% 86% 

Whol Susc 100% 95% 70% 

Wil Susc 100% 88% 90% 

 

*An initial PCR detected two resistant aphids however a confirmatory re-test did not confirm that 

resistance 

#Subsample for resistance testing taken immediately before strain culturing  
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Figure 1. Does response for a susceptible (Susc A) and suspect resistant strain of cotton aphid (Kat 

Vol) that was subsequently pressured at a discriminating concentration (DD) of diafenthiuron 

(Pegasus®) and then retested (Kat Vol (P)) 
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Figure 2. Dose response for three 2010-2011 collected field strains and a reference susceptible strain 

of cotton aphid against spirotetramat (Movento®) 
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Figure 3. Dose response for five 2010-2011 collected field strains (that were all neonicotinoid 

resistant, see Table 3) and a reference susceptible strain of cotton aphid against sulfoxaflor 

(Transform™) 

 

 
Table 4. Percent mortality at the discriminating dose (ie percent susceptible) for various strains of 

TSM collected during season 2008-2009 and evaluated for resistance against bifenthrin (Talstar®), 

chlorfenapyr (Intrepid®), abamectin (Agrimec®), propargite (Comite®) and diafenthiuron (Pegasus® 

(CGA-140408)) 
 

Season Strain Area Chemical 
   Bifenthrin 

(Talstar®) 

Chlorfenapyr 

(Intrepid®) 

Abamectin 

(Agrimec®) 

Propargite 

(Comite®) 

Diafenthiuron

(Pegasus® 

CGA140408) 

2008-

2009 

WL Narromine 14 100 100# 100 100 

 TU8 Namoi 56 98 100 99 100 

 MN Namoi 98 98 100 100 100 

 MY Namoi 76 97 100 100 100 

 TU10 Namoi 30 99 100 100 100 

 GL Namoi 17 

 

100 100 100 100 

 

* not replicated 
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# field abamectin control issue not resistance 

 

Table 5. Percent mortality at the discriminating dose (ie percent susceptible) for various strains of 

TSM collected during season 2010-2011 and evaluated for resistance against bifenthrin (Talstar®), 

abamectin (Agrimec®), propargite (Comite®) and diafenthiuron (Pegasus® (CGA-140408)) 

 
 

Strain Region Bifenthrin 

(Talstar®) 

Abamectin 

(Agrimec®) 

Propargite 

(Comite®) 

Diafenthiuron 

(Pegasus® 

CGA140408) 

Nor Moree 89 100 100 100 

Quong F 11 

(North) 
Narromine 85* 90* 100* 100* 

Nan F 3  Narromine 53* 98* 100 100* 

Nan Back F1 Narromine 40* 97* 100 100* 

Quong F 11 

(South) 
Narromine ^ ^ ^ ^ 

Tocabil Hillston # # # # 

Watson  Hillston # # # # 

 

* not replicated 

^ predatory mites ate  

# died in transit (Australia Post) 

 

Table 6. Percent mortality for EMAI collected green mirid when treated at various doses of fipronil 

(Regent®), clothianidin (Shield®) or dimethoate (Rogor®) and withholding periods of 24, 48 or 72 h. 

 

Chemical  Dose 24h Mortality 48h Mortality 72 h Mortality 

Regent® rep 1 0.00025 100 100 100 

 0 0 0 30 

Regent® rep 2 0.00025 100 100 100 

 0 0 0 30 

Regent® rep 3 0.001 100 100 * 

 0.0001 100 100 * 

 0.00001 0 0 * 
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 0 0 0 * 

Regent® rep 4 0.0001 100 100 * 

 0.00005 33 66 * 

 0.000025 0 100 * 

 0.0000125 0 0 * 

 0 0 100 * 

Shield® rep 1 0.001 100 100 * 

 0.0001 0 0 * 

 0 0 0  

Shield® rep 2 0.001 66 100 * 

 0.0005 100 100 * 

 0.00025 33 33 * 

 0.000125 0 0 * 

 0 0 0 * 

Shield® rep 3 0.001 100 100 * 

 0.0005 100 100 * 

 0.00025 33 33 * 

 0.000125 100 100 * 

 0 50 50 * 

Dimethoate rep 

1 

0.005 100 100 * 

 0.0005 0 50 * 

 0.00005 0 0 * 

 0 0 0 * 

Dimethoate rep 

2 

0.005 100 100 * 

 0.0025 66 100 * 
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 0.00125 33 66 * 

 0.000625 0 33 * 

 0.0003125 0 0 * 

 0 0 0 * 

 

* not tested 

 

Extension Opportunities 

8. Detail a plan for the activities or other steps that may be taken: 
(a) to further develop or to exploit the project technology. 

 
• Reference susceptible and resistant strains need to be maintained so they can be 

used in future cross resistance studies 

 
(b) for the future presentation and dissemination of the project outcomes. 

 

• Data to be included into a significant review article covering the successes and 

failures of IPM that will include chemical control and resistance management of 

secondary sucking pests including aphids, mites and mirids.  

 

(c) for future research. 
 

• Resistance in cotton aphid against newer chemistries such as spirotetramat 

(Movento®) will continue to be studied with bioassay but organophosphate and 

carbamate insecticides will be monitored with molecular genetic techniques 

previously developed. Further, molecular genetic techniques will be developed to 

detect neonicotinoid resistance in cotton aphid that will support a PhD study on that 

topic. Initially this will include full bioassay dose response assays with synergists to 

characterise resistance as either likely target site or detoxification. The PhD study 

will aim to find the point mutation for neonicotinoid resistance in cotton aphid that 

will simultaneously elucidate the underlying resistance mechanism and thus cross 

resistance implications that are essential for management. Once the mechanism is 

known its genetic sequence will be fully characterised and that will provide the first 

step in the development of a molecular based test for neonicotinoid resistance 

monitoring. The PhD study will also further boost the human capacity available to 

Australian cotton to manage the ongoing problem of insecticide resistance. 

Importantly, the PhD study will train a young scientist in both bioassay and 
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molecular genetic methodology for resistance detection so bridging the gap between 

these two different but essential sciences. 
 

 
8. A. List the publications arising from the research project and/or a publication plan.  

(NB:  Where possible, please provide a copy of any publication/s) 
 

 
• Wilson, L., Herron, G., Smith, T., Franzmann, B. and Heimona, S. (2008) 

Cotton Insects. Aphid Ecology in Cotton. Cotton Catchment Communities 
CRC. pp. 6. 

 
• Wilson, L., Herron, G., Smith, T. and Heimona, S. (2008) Cotton Insects. 

Strategies to Manage Aphids in Cotton. Cotton Catchment Communities CRC. 
pp. 8. 

 
 
• Martin O. McLoon and Grant A. Herron (2008) PCR detection of pirimicarb 

resistance in Australian field isolates of Aphis gossypii Glover (Aphididae: 
Hemiptera). In 14th Australian Cotton Conference, Broadbeach Queensland, 
12-14 August 2008. 

 
• Grant A. Herron, Martin O. McLoon, & Lewis J. Wilson (2008) Resistance 

testing summary for the 2006-2007 and 2007-2008 cotton seasons: cotton 
aphid Aphis gossypii and two-spotted mite Tetranychus urticae. In 14th 
Australian Cotton Conference, Broadbeach Queensland, 12-14 August 2008. 

 
 
• Grant A. Herron and Jeannette Rophail (2008) Resistance development a 

possibility in mirids from Australian cotton In 14th Australian Cotton 
Conference, Broadbeach Queensland, 12-14 August 2008. 

 
• McLoon MO, Carletto J, Herron GA, Vanlerberghe-Masutti F, Smith, T and 

Wilson LJ (2008) Microsatellite typing identifies genotypic variability in 
Australian isolates of A. gossypii. Australian Entomological Society 39th 
Annual General Meeting and Scientific Conference 2008, 28 September 2008 
- 1 October 2008, Orange Agricultural Institute Orange, New South Wales. 

 
 
• *McLoon MO and Herron GA (2009) PCR detection of Pirimicarb resistance 

in Australian field isolates of Aphis gossypii Glover (Aphididae: Hemiptera). 
Australian Journal of Entomology 48: 65-72. 

 
• Herron G (2009) Insecticide resistance monitored, p 28. In: Spotlight on 

Cotton R&D, Autumn 2009. CRDC, Narrabri. 
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• Herron GA and Wilson LJ (2010) Aphids – Where to From Here? Proceedings 
of the 15th Australian Cotton Conference, 10-12th August 2010, Gold Coast, 
Australia. 
http://www.australiancottonconference.com.au/resources.php?ContentID=3&
PresenterID=19 pp. 1-4. 

 
• *Herron, GA and Wilson LJ. (2011) Neonicotinoid resistance in Aphis 

gossypii Glover (Aphididae: Hemiptera) from Australian cotton. Australian 
Journal of Entomology 50: 93-98. 

 
 
• Herron, GA (2011) Challenges for better aphid management. pp. 56-59 In: 

CCA Cropping Solutions Seminar, 3-4 May 2011, Moree. Crop Consultants 
Australia. 

 
• *Marshall, K., Moran, C., Chen, Y. and Herron G. (2011) Detection of kdr 

Pyrethroid Resistance in the Cotton Aphid, Aphis gossypii Glover (Hemiptera: 
Aphididae) using an PCR-RFLP Assay. Journal of Pesticide Science, 
Submitted. 

 
 
• *Yizhou Chen, Jerome Carletto, Martin O. McLoon, Flavie Vanlerberghe-

Masutti, Tanya Smith, Lewis J. Wilson & Grant A. Herron. Insecticide 
resistance associated with the ACE1 mutation and genetic structure in 
Australian Aphis gossypii Glover (Aphididae: Hemiptera). In preparation. 

 
NB. * indicates a refereed scientific journal contribution – a copy is given in 
Appendix 1 at the end of the report if it is published and reprints are available. 

 
B. Have you developed any online resources and what is the website address? 

 

Outcomes from the research feed directly into the annual Cotton Pest Management Guide 
available from http://www.crdc.com.au/emags/PMG10_11/ 

 

Part 4 – Final Report Executive Summary  

Provide a one page Summary of your research that is not commercial in confidence, and that 
can be published on the World Wide Web.  Explain the main outcomes of the research and 
provide contact details for more information. It is important that the Executive Summary 
highlights concisely the key outputs from the project and, when they are adopted, what this 
will mean to the cotton industry. 
 
Since the introduction of Bt-cotton secondary pests such as aphids, mites and bugs have 

become more prominent requiring targeted insecticide control. These sprays have lead to 

resistance in some pest species that have caused the chemical control to fail. Spray failures 

increase grower costs and the likely hood of unforseen environmental consequences but very 

importantly can permanently tarnish Australia’s reputation for producing high quality lint if 

2
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failures cause ‘sticky cotton’. Recently in Australian cotton, there has been control failure 

against aphids with chemicals belonging to the group known as neonicotinoids. This group 

includes the mainstay cotton seed treatment thiamethoxam (Cruiser®) and the cost effective 

foliar spray clothianidin (Shield®). The neonicotinoid insecticides control several 

problematic pest species in cotton including aphids and mirids and their loss due to resistance 

puts increased pressure on remaining control products by severely limiting control options.  

 

In the 2007-2008 cotton season neonicotinoid resistance was detected for the first time in 

cotton aphid but control failures were not experienced. During the following 2008-2009 

season neonicotinoid resistance increased in both level and abundance (82% of the stains 

tested) and for the first time neonicotinoid resistance caused control failures and cross 

resistance to other neonicotinoid products was additionally implicated. Interestingly, the 

proportion of strains showing neonicotinoid resistance in 2009-2010 remained approximately 

static at 78% but for season 2010-2011 the frequency of strains showing resistance increased 

to an extreme 96% of strains tested. Such resistance makes the neonicotinoids unreliable for 

cotton aphid control and growers may well be better off using alternative foliar products for 

aphid control if neonicotinoid seed dressings have been used. It is noteworthy that Integrated 

Pest Management friendly pirimicarb (Pirimor®) is currently resistance free so it would be a 

good first choice for an aphid specific foliar spray. Other alternatives are also available 

including, diafenthiuron (Pegusus®), spirotetramat (Movento®), pymetrozine (Chess®) an 

OP or spray oil. If foliar neonicotinoids are to be used against aphids I recommend the 

following to help manage resistance. Try to limit in-season use of foliar neonicotinoids for 

aphid control if they have been used as a seed treatment. If foliar sprays are required for 

aphid control and neonicotinoid seed treatments have been used it is most important that the 

first foliar spray is not from the neonicotinoid chemical group. Finally, consider the 

implications of coincident aphids if spraying neonicotinoids against other pests such as 

mirids. Aphids will develop resistance even if the sprays are not targeted directly against 

them and control failures could result.
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