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Helicoverpa resistance monitoring end of season 2015/16 report

The following reports are based on data collected by the Bt resistance and insecticide resistance
monitoring programs and are the final results for the season 2015/16. The take home message
for both programs is that there has been no substantial change in frequency in Helicoverpa
spp. in this year compared to recent years. It is imperative however to continue to practise
good resistance management via adherence to the RMP for Bt cotton and IRMS.

End of season results from CSIRO Bt resistance monitoring 2015/16
Changes to the CSIRO Bt Resistance Monitoring Program from 2013/14
From 2002 to 2012 CSIRO conducted two sorts of tests for Bt resistance (Figure 1). F2 screens can
detect heterozygote individuals even when the resistance is recessive (rS). They involve testing the
grandchildren of pairs of moths raised from eggs collected from field populations, and therefore take
about 10 weeks to run. This method tests both alleles from two field collected individuals (4 alleles
total), identifies all previously detected and potentially new types of resistance.
In 2004 CSIRO developed protocols for testing
resistance using a modified and shorter version
of the F2 method called an F1 screen. F1 screens
involve testing the offspring of matings between
a resistant moth (rr; isolated from F2 screens and
then reared as a colony in the laboratory) and a
moth raised from eggs collected from field
populations. They take around 5 weeks to
conduct. This method tests both alleles from one
field collected individuals (2 alleles total), and
can only determine if the field moth has the
same resistance as its mating partner.
From 2002 to 2012 CSIRO performed experiments that showed that each of the isolates of Cry2Ab
resistance detected using F2 screens was the same type of resistance that was initially identified.
Similarly, work on Vip3A from 2009 to 2012 showed that all newly isolated resistances were the
same type that was initially identified. In other words, although frequencies of resistance to some Bt
toxins is higher than expected, it seems that there is only one key type of resistance for each Bt toxin.
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In 2013 CSIRO shifted to performing only F1 screens to focus on the frequencies of the known
common resistances. As well as screening F1 families against the toxin of interest (e.g., Cry2Ab:
Figure 2a), we introduced screens against all relevant Bt toxins (e.g., Cry1Ac and Vip3A: Figure 2b)
to detect any new forms of resistance that are dominant. In 2017/18 CSIRO will incorporate F2
screens into the program to check for any new resistances that are recessive.

A graphical summary of F2 screen data until 2012/13
The following graphs provide the F2 screen data for the CSIRO program until 2012/13 and are useful
background for interpreting the F1 screen data, particularly in cases where the latter data exists for
only a few seasons.
F2 screens for Cry1Ac and Cry2Ab
commenced in 2002/03. For H.
armigera and H. punctigera the
cumulative frequency of alleles
conferring resistance to Cry1Ac is
3/5936 (0.001) and 5/6866 (0.001)
respectively. For H. armigera and H.
punctigera the cumulative frequency of
alleles conferring resistance to Cry2Ab
is 60/6336 (0.010) and 53/7834 (0.007)
respectively. F2 screens for Vip3A, the
additional toxin in Bollgard 3,
commenced in 2009/10. For H.
armigera and H. punctigera the
cumulative frequency of alleles
conferring resistance to Vip3A is
54/2094 (0.026) and 18/1742 (0.010)
respectively.

Standard F1 screens
Cry1Ac
Several families of H. armigera that carry a gene conferring resistance to Cry1Ac have been isolated
using F2 screens (Figure 3) but none have been retained as colonies. Therefore in H. armigera it is not
possible to perform F1 screens against Cry1Ac.
In 2015/16 we screened 828 alleles from H. punctigera and isolated 6 cases (0.007) conferring
resistance to Cry1Ac (see Table 2); this frequency is higher than for 2014/15. Of these alleles, two
were contributed from one individual that was homozygous (rr) for resistance. For H. punctigera the
cumulative frequency of alleles conferring resistance to Cry1Ac since 2013/14 is 9/1720 (0.005).
Table 2: Summary of results from F1 screens of H. punctigera against Cry1Ac. Data are presented as the
frequency for that testing season. For each entry we have indicated the number of homozygous (rr)
resistant individuals that contributed to the frequency.

Species
H. punctigera

Year
2013/14
2014/15
2015/16
Total

alleles tested
498
394
828
1720
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Cry1Ac F1 screen
scored positive
2
1
6
9

Freq. of r
0.004
0.003
0.007
0.005

No. rr
0
0
1
1
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Cry2Ab
In 2015/16 we screened 602 alleles from H. armigera and isolated 12 cases (0.020) conferring
resistance to Cry2Ab (see Table 3); this frequency is almost the same as for 2014/15. For H.
armigera the cumulative frequency of alleles conferring resistance to Cry2Ab since the CSIRO
program began (2007/08) is 261/9357, and analyses on this F1 screen data show that there has not
been a significant change in frequency over time.
In 2015/16 we screened 940 alleles from H. punctigera and isolated 10 cases (0.011) conferring
resistance to Cry2Ab (see Table 3); this frequency is the same as for 2014/15. Of these alleles, four
were contributed from two individuals that was homozygous (rr) for resistance. For H. punctigera
the cumulative frequency of alleles conferring resistance to Cry2Ab since the CSIRO program began
(2007/08) is 108/5588, and analyses on this F1 screen data show that there has not been a significant
change in frequency over time.
Table 3: Summary of results from F1 screens of H. armigera and H. punctigera against Cry2Ab. Data are
presented as the frequency for that testing season. For each entry we have indicated the number of
homozygous (rr) resistant individuals that contributed to the frequency.

Species
H. punctigera

H. armigera

Year
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14
2014/15
2015/16
Total
2007/08
2008/09
2009/10
2010/11
2011/12
2012/13
2013/14
2014/15
2015/16
Total

alleles tested
194
640
1138
358
736
518
582
488
940
5588
278
3104
1710
1810
832
770
684
720
602
9357

Cry2Ab F1 screen
scored positive
2
30
15
10
24
7
5
5
10
108
9
69
37
80
33
18
10
15
12
261

Freq. of r
0.010
0.047
0.013
0.028
0.033
0.014
0.010
0.011
0.011
0.019
0.032
0.022
0.022
0.044
0.040
0.023
0.015
0.021
0.020
0.028

No. rr
0
1
1
0
3
2
0
2
2
11
0
1
0
3
1
2
1
1
0
9

Vip3A
To develop a robust resistance management plan for Bollgard 3 it is important to know the baseline
frequency of Vip3A resistance genes in populations of H. armigera and H. punctigera.
In 2015/16 we screened 542 alleles from H. armigera and isolated 6 cases (0.011) conferring
resistance to Vip3A (see Table 4); this frequency is lower than for 2015/16. Of these alleles, two
were contributed from one individual that was homozygous (rr) for resistance. For H. armigera the
cumulative frequency of alleles conferring resistance to Vip3A since 2013/14 is 22/1928.
Since 2009/10 we began F1 screens against Vip3A in H. punctigera. In 2011/12, the frequency was
0.095 (7/74); since it was obtained from a relatively small sample it is excluded from the overall
summary results and in analyses. In 2015/2016 we screened 882 alleles from H. punctigera and
isolated 5 cases (0.006) conferring resistance to Vip3A (see Table 4); this frequency is higher than
2014/15. Of these alleles, two were contributed from one individual that was homozygous (rr) for
resistance. For H. punctigera the cumulative frequency of alleles conferring resistance to Vip3A
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since the CSIRO program began (2007/08) is 36/3484, and analyses on this F1 screen data show that
there has not been a significant change in frequency over time.
Table 4: Summary of results from F1 screens of H. armigera and H. punctigera against Vip3A. Data are
presented as the final frequency for that testing season. For each entry we have indicated the number of
homozygous (rr) resistant individuals that contributed to the frequency. *Note the very small sample for
2011/12 has been excluded from the total estimates.

Species
H. punctigera

H. armigera

Year
2009/10
2010/11
2011/12
2012/13
2013/14
2014/15
2015/16
Total
2013/14
2014/15
2015/16
Total

Vip3A F1 screen
alleles tested scored positive
1144
16
172
3
74
7
284
5
588
6
414
1
882
5
3484
36
642
6
626
10
542
6
1928
22

Freq. of r
0.014
0.017
0.095
0.018
0.011
0.002
0.006
0.012
0.009
0.016
0.011
0.012

No. rr
0
0
0
2
2
0
1
5
1
1
1
3

Modified F1 screens
In 2014/15 in H. punctigera we screened alleles to identify new dominant resistances for Cry1Ac
(n=140), Cry2Ab (n=176) and Vip3A (n=126) and found none. In H. armigera we screened alleles to
identify new dominant resistances for Cry1Ac (n=246), Cry2Ab (n=312) and Vip3A (n=240) and
found none.
In 2015/16 in H. punctigera we screened alleles to identify new dominant resistances for Cry1Ac
(n=294), Cry2Ab (n=322) and Vip3A (n=312) and found none. In H. armigera we screened alleles to
identify new dominant resistances for Cry1Ac (n=166), Cry2Ab (n=240) and Vip3A (n=166) and
found none.

Take home messages








Currently in H. punctigera 1% of individuals in the population are heterozygous (rS) for the
Vip3A resistance gene (based on F1 data).
Cry2Ab resistance genes and Vip3A resistance genes were present at detectable levels before Bt
cotton expressing these traits was widespread.
F1 data demonstrate that currently in H. armigera 5% of individuals in the population are
heterozygous (rS) for the Cry2Ab resistance gene and there is no indication of changes in
resistance frequency since testing started in 2007/08.
F1 data demonstrate that currently in H. punctigera 3% of individuals in the population are
heterozygous (rS) for the Cry2Ab resistance gene and there is no indication of changes in
resistance frequency since testing started in 2007/08.
Currently in H. armigera 2% of individuals in the population are heterozygous (rS) for the
Vip3A resistance gene (based on F1 data).
Currently in H. punctigera 2% of individuals in the population are heterozygous (rS) for the
Vip3A resistance gene (based on combined F2 and F1 data).
No new dominant resistances to Cry1Ac, Cry2Ab or Vip3A have been detected.

For further information regarding Bt resistance monitoring please contact
sharon.downes@csiro.au
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End-of-season results from NSW DPI insecticide resistance monitoring 2015/16
Changes to the NSW DPI Insecticide Resistance Monitoring Program from 2012/13
1. Introduction of F2 screens. Prior to 2014, NSW DPI conducted topical resistance testing for all
synthetic insecticides using F0 insects (ie. test insects were collected as eggs and a diagnostic dose of
insecticide applied directly to insect larvae in the late 3rd /early 4th instar). This is a well-established
method for detection of resistance to synthetic broad-spectrum insecticides active by contact, and has
been the industry standard since monitoring began in the early 1980s.
Although testing of F0 insects is highly effective for detecting dominant forms of resistance (as is the
case for broad-spectrum insecticides such as SPs, OPs and carbamates), it is less sensitive for
detecting non-dominant resistance alleles. This is because heterozygous carriers of resistance (rS)
could be killed by the diagnostic dose of insecticide, thereby underestimating the frequency of earlystage resistance in insect populations.
Therefore, in 2013 NSW DPI introduced an F2 screening technique as a means of increasing capacity
for detecting non-dominant resistance alleles which involves testing the grandchildren of pairs of
moths raised from eggs collected from field populations. This is important for detecting alleles that
may enhance survival to selective insecticides indoxacarb, emamectin benzoate and rynaxypyr
(chlorantraniliprole).
2. Introduction of feeding bioassays. The use of traditional topical bioassays in insecticide resistance
monitoring was originally developed for broad-spectrum insecticides whereby toxicity is mediated
primarily by contact. However, indoxacarb, emamectin benzoate, and rynaxypyr intoxicate insects
via both contact and ingestion, with the later considered the primary route whereby insects
accumulate a lethal dose of insecticide.
Results from NSW DPI research supports these previous findings and suggests that delivery by
ingestion using a feeding method of bioassay (where insecticide is incorporated into insect diet) is
highly effective for assessing toxicity of these chemistries and would be an appropriate alternative
method for use in resistance monitoring programs. Therefore in 2013-14 diet incorporation bioassays
using a diagnostic dose (based on mortality of 99.9%) was implemented as an industry standard for
monitoring resistance to indoxacarb, emamectin benzoate, and rynaxypyr.
In summary, the adoption of F2 screens where a discriminating dose is delivered by ingestion
by a diet incorporation method of bioassay will improve the efficiency for detecting low
frequency (early-stage) resistance to key selective insecticides, and is also highly compatible
with pre-emptive mitigation of resistance to prevent in-field failures of insecticidal products.

Insecticide resistance results – H. armigera
Indoxacarb, Emamectin Benzoate & Rynaxypyr 2011-13. Since the introduction of Bollgard II,
resistance has stabilised for the key selective products indoxacarb, emamectin benzoate and
rynaxypyr. Until 2012-13 resistance frequencies for these products were monitored by traditional
screening techniques based on topical application of a discriminating concentration of insecticide in
the F0 generation. Based on these methods, resistance was consistently low across all regions with
very few survivors detected (Table 4).
In 2012-13 the indoxacarb window was brought forward to provide an early season ‘soft option’ for
Helicoverpa spp. control. Monitoring results indicate that this has not led to significant changes in
resistance frequency. Nevertheless, continued compliance with resistance management guidelines is
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essential for minimising resistance risk associated with the use of indoxacarb particularly because the
continuous window extends the use of this product from chickpeas into cotton.
In 2014-15 rynaxypyr was registered in chickpeas, and a permit granted for use in sunflowers in
2015-16. While resistance to rynaxypyr in H. armigera is currently very low, the likely increases in
product use across multiple cropping systems increases resistance risk for this and other Group 28
products. Therefore, compliance with IRMS and label recommendations for non-cotton crops will be
essential in reducing the development of resistance to Group 28 products in H. armigera.
We should not assume that resistance alleles selected by exposure to products used in non-cotton
systems (chickpea for example) will be eliminated by exposure to Bollgard II in the subsequent
generation. This is because the large majority of H. armigera will not preferentially establish on
cotton but instead will favour alternative hosts present in a mixed cropping landscape such as maize
and sorghum.

Insecticide
Indoxacarb (Steward®)
Emamectin benzoate (Affirm®)
Rynaxypyr (Altacor®)

2009-10
0 (634)
1.1 (435)
0.2 (478)

% Resistance (n)
2010-11
2011-12
0.4 (917)
0.3 (1646)
0.2 (1277)
0.4 (1497)
0.2 (1460)
0.1 (1519)

2012-13
0.6 (2754)
1.0 (2354)
0.2 (2530)

Table 4. Resistance frequencies in H. armigera determined from F0 bioassays conducted by topical bioassay (annual
average all regions).

Indoxacarb (Steward®) 2013 - present. New standards for measuring resistance frequency in
selective insecticides based on F2 screens and the use of a feeding (insecticide-incorporated diet)
bioassay technique (described above), were implemented in the 2013-14 season and replaced topical
F0 screening methods previously used to monitor resistance to these products. This method tests both
alleles from one field collected individual mated with a susceptible field individual (2 alleles total),
and identifies all previously detected and potentially new types of resistance. A summary of results
from the last three seasons since F2 testing began are shown in Table 5.
In 2013-14 a total of 548 iso-female families (1096 alleles) of H. armigera were screened against
indoxacarb. Combined data from all regions shows that 9 iso-females lines tested positive for
resistance to this insecticide. Based on the data (and assuming non-dominant resistance) the
estimated frequency of resistance to indoxacarb is 0.016 (1.6%). Positive tests from indoxacarb
screens included individuals from the lower Namoi and Gwydir valleys, and the MIA.
In 2014-15 a total of 665 iso-female families (1330 alleles) from H. armigera were screened against
indoxacarb. A total of 25 iso-females lines tested positive for resistance resulting in an estimated
frequency for alleles conferring resistance to indoxacarb as 0.038 (3.8%). Positive tests included
individuals from the Namoi, Gwydir, Macquarie, Mungindi, St George and Emerald regions.
In 2015-16 a total of 649 iso-female families were tested for resistance to indoxacarb. Of these tests,
14 individual families were positive for indoxacarb resistance, resulting in a resistance frequency of
0.022 (2.2%). Positive tests included individuals from the Namoi valley and St George.
Emamectin benzoate (Affirm®) & Rynaxypyr (Altacor®) 2013 - present.
In 2013-14, NSW DPI detected no cases of resistance to emamectin benzoate or rynaxypyr from 525
and 500 tests, respectively (Table 5). In 2014-15 there were again no cases of resistance detected to
emamectin benzoate from 652 tests. A single case of resistance to rynaxypyr was detected in 201415 from 656 tests, indicating a resistance frequency of 0.002 (0.2%) (Table 5).
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In 2015-16 again we did not detect resistance to emamectin benzoate from 627 tests (Table 5). A
total of five iso-female families tested positive to rynaxypyr from 637 families tested, resulting in a
resistance frequency of 0.008 (0.8%) (Table 5).
Insecticide
Emamectin Benzoate (Affirm)

Rynaxypyr (Altacor)

Indoxacarb (Steward)

Year

Total
tests

Total
alleles

Total
positives

Frequency
of r

%R

2013-14

500

1000

0

0

0

2014-15

652

1304

0

0

0

2015-16

627

1254

0

0

0

2013-14

525

1050

0

0

0.0

2014-15

656

1312

1

0.002

0.2

2015-16

637

1274

5

0.008

0.8

2013-14

548

1096

9

0.016

1.6

2014-15

665

1330

25

0.038

3.8

2015-16
649
1298
14
0.022
2.2
Table 5. Indoxacarb, emamectin benzoate and rynaxypyr resistance frequencies in H. armigera determined from F2
bioassays conducted on insecticide-incorporated diet (annual average all regions).

Take home messages and implications for management



Resistance to emamectin benzoate and rynaxypyr remains very rare in H. armigera.
The first isolations of alleles conferring resistance to indoxacarb in H. armigera were recently
detected but remain at low frequency in the population.
 NSW DPI has conducted quantitative genetic analysis of indoxacarb-selected strains to
determine the degree of dominance of the putative indoxacarb resistance allele(s). Results
indicate that the allele(s) involved is autosomal (not-sex-linked), incompletely dominant and
controlled by a single (or a few closely linked) loci.
 There is no cross resistance between the known mechanism for indoxacarb resistance and
rynaxypyr or emamectin benzoate. Nor is there any cross resistance between indoxacarb
resistance and Bt toxins deployed in Bollgard II.
 Complementation tests for allelism demonstrate that a common mechanism confers resistance
to indoxacarb in H. armigera and the occurrence of this mechanism is widespread in the
population.
 Despite detectable levels of resistance to indoxacarb, monitoring results indicate that these
key selective products will continue to be effective in the control of H. armigera.
Nevertheless, the cotton IRMS should be followed to ensure that selection pressure applied by
any one of these chemical groups is minimized across multiple generations of Helicoverpa spp.
The IRMS recommends:
1.
2.
3.
4.

Avoiding repeated applications of products from the same group.
Use of chemical rotations even when targeting different pests.
Compliance with maximum number of recommended sprays for any one chemical group.
End-of-season pupae destruction in fields exposed to conventional insecticides to prevent
carry-over of resistance alleles to the following season.
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For further information regarding conventional insecticide resistance monitoring please
contact lisa.bird@dpi.nsw.gov.au

Many thanks to CCA members Matthew Holding, Liz Lobsey, Ross Pomroy, Jamie Innes, Janelle
Lawson, Mick Brosnan, David Parlato, Heath McWhirter, Jamie Street, Liz Todd and Fiona
Anderson, Colin Tann, Peter Gregg and his team, and Gail Spargo for assisting with collections. The
Bt resistance monitoring program is funded by the Cotton Research and Development Corporation
and CSIRO. The conventional insecticide resistance monitoring program is funded by the Cotton
Research and Development Corporation, the Grains Research and Development Corporation and
NSW Department of Primary Industries.
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