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Summary
A whole leaf bioassay was performed to 
determine the survivorship of neonate 
larvae of the lepidopteran pest Spodop-
tera litura (Lepidoptera: Noctuidae), the 
cluster caterpillar, feeding on old and 
young leaves of Bollgard II® cotton va-
rieties. Larval survivorship was reduced 
on the Bollgard II varieties compared to 
a non-transgenic control but only when 
larvae fed upon the old leaves. Neonates 
that fed on young leaves of Bollgard II 

varieties showed no signifi cant variation 
to the non-transgenic control in relative 
mortality or weight gain. This study in-
dicated that there may be differential 
expression of the Bacillus thuringiensis 
Berliner toxin in Bollgard II cotton leaves 
and, as a consequence, Bollgard II varie-
ties might not be able to adequately con-
trol S. litura in the fi eld. 

Keywords: transgenic cotton, cluster 
caterpillar, Spodoptera litura, Bollgard II, 
Bollgard II Roundup Ready®, integrated 
pest management.

Introduction
The larvae of Spodoptera litura (Fabricius) 
(Lepidoptera: Noctuidae) were often the 
most important pest of cotton (Gossypium 
hirsutum L. (Malvaceae)) at Kununurra, 
Western Australia (WA), during the 1960s, 
until Helicoverpa armigera (Hubner) (Lepi-
doptera: Noctuidae) developed resistance 
to insecticides (Wilson 1974, Michael and 
Woods 1980). Until then, Helicoverpa armig-
era was considered a minor pest in cotton 
but the increased populations after the 
evolution of resistance led to the eventual 
collapse of the cotton industry in northern 
WA in 1974 (Michael and Woods 1980). 

Genetically modifi ed (GM) cotton ex-
pressing a single Bacillus thuringiensis 

Berliner (Bt) protein Cry1Ac (INGARD®) 
was approved for limited commercial pro-
duction in southern Australia (south of lat-
itude 22°S) in 1997. The INGARD varieties 
have been replaced by Bollgard II® varie-
ties that express two Bt proteins, Cry1Ac 
and Cry2Ab. Tolerance to the herbicide 
glyphosate is also available as a trait and 
may be ‘stacked’ with insecticidal traits 
expressed in Bollgard II varieties to pro-
duce Bollgard II Roundup Ready® cotton. 
Australian cotton farmers have readily 
adopted GM technology and 90% of the 
2005/06 crop contained GM traits (Boll-
gard II, Roundup Ready and INGARD are 
registered trademarks of Monsanto Tech-
nologies LLC).

Bollgard II cotton has reduced the quan-
tity of insecticide applied to cotton in New 
South Wales and Queensland by 85% (B. 
Pyke personal communication) and was 
approved for commercial release in north-
ern Australia in October 2006. Extensive 
GM cotton research has been conducted 
in the Kimberley region of Western Aus-
tralia, the Northern Territory and north 
Queensland to assess the feasibility of 
commercial cotton production in tropical 
Australia (Strickland et al. 2004, Yeates and 
Bange 2004). Experimental trials of GM 
cotton in northern WA have demonstrat-
ed effective control of most lepidopteran 
pests, including H. armigera (Strickland et 
al. 2004). However, S. litura larvae have 
been observed damaging Bollgard II cot-
ton crops at Kununurra and Broome, WA 
and insecticides were required to prevent 
yield losses. Furthermore, S. litura has 
been noted as a pest in north Queensland 
Bollgard II cotton trials in 2005 (P. Grundy 
personal communication). Bollgard II cot-
ton was expected to be effective against 

S. litura in Australia because it has been 
shown to be effective against other Spo-
doptera species overseas (Adamczyk et al. 
2001a, Stewart et al. 2001, Chitkowski et 
al. 2003, Hagerty et al. 2005). As noted by 
Singh et al. (2004), few published studies 
have focused on the effi cacy of transgenic 
cotton on S. litura (see Gupta et al. 2000, 
Janakiraman and Gupta 2002). 

We evaluated the effi cacy of a Boll-
gard II, Bollgard II Roundup Ready and 
a conventional cotton variety against 
S. litura. Cotton plants with Bt genes may 
produce the Cry proteins at various levels 
in different plant parts, according to plant 
age and environmental conditions (Fitt et 
al. 1994, Fitt 1998, Sachs et al. 1998, Green-
plate 1999, Olsen and Daly 2000, Chen et 
al. 2005, Kranthi et al. 2005, Olsen et al. 
2005). In addition, Henneberry et al. (2001) 
found that lepidopteran larvae fed with 
old cotton leaves containing Bt proteins 
ate less and weighed less than larvae fed 
with younger leaves but there were vari-
able effects on mortality associated with 
leaf age. Therefore, we evaluated the im-
pact of both old and young leaves from the 
three varieties of cotton on S. litura larval 
survival and weight gain. 

Materials and methods
Cotton plants were grown from seed in 
30 metre rows with approximately 10 
cm between individual plants. Three 
CSIRO-bred varieties were used in the 
experiments; Siokra 1-4 (conventional va-
riety), Sicot 80B (Bollgard II variety) and 
Sicot 71BR (Bollgard II Roundup Ready 
variety). All plants were contained with-
in a bird netted area at the University of 
Western Australia, Crawley, WA in accord-
ance with trial conditions required under 
the Genetically Modifi ed Crop Free Areas Act 
(2003) and monitored every one to two 
days. Plants were watered for 15 minutes 
each day using overhead sprinkler irriga-
tion (2.0–2.3 mm of water per day). Av-
erage daily temperatures for the period 
of the study were 17.2°C (minimum) and 
30.4°C (maximum). Over the trial period 
there was a total of 6.8 mm rainfall.

Slow release fertilizer (Osmocote® Plus 
controlled release plant food, Scotts Aus-
tralia) was applied at the time of seeding 
and again after six weeks to encourage 
vigorous plant growth. After eight weeks 
the plants reached an average height of 80 
cm. Flowers and squares were beginning 
to be produced by the plants but these 
were removed by hand in accordance with 
the required trial conditions. 

At this time, a single leaf of one type 
(‘old’ or ‘young’) was removed from a 
plant. The young leaves were deemed to 
be fully expanded leaves within the top 
three nodes of the plant and old leaves 
were deemed to be similar leaves from the 
bottom three nodes. A total of 50 young 
and 50 old leaves were collected from each 
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cotton variety for use in the bioassay. No 
plant was sampled more than once.

Whole leaf bioassays were performed 
in round clear plastic containers (15 cm di-
ameter) containing a 1% water agar layer 
of approximately 1 cm depth. A single leaf 
was inserted by the petiole, into the agar 
of each tub. The containers were covered 
with a piece of fi ne mesh cloth (white) fas-
tened in place with an elastic band. Assays 
were maintained in a temperature control-
led room at 25°C (±2°C) under fl orescent 
lighting banks set to a 12 hour day/night 
cycle. Plant leaves were replaced as need-
ed but no leaf remained in a tub longer 
than three days. 

The insects used in the bioassays of 
this study were neonate S. litura larvae 
of the second generation bred from an 
initial wild stock population of 15 adults 
collected from peanuts growing near 
Broome, WA. These adults were placed 
in large plastic tubs (40 cm × 80 cm × 40 
cm) allowed to mate and lay eggs. When 
the eggs hatched the neonates were placed 
in clear plastic cups (4 cm3) in groups of 
fi ve to ten and fed on a standard artifi cial 
diet. After reaching 2nd instar, the insects 
were transferred to round clear plastic 
containers (15 cm in diameter; covered 
with a fi ne mesh fabric) with a maximum 
of two larvae per container. Upon pupa-
tion a random selection of 400 pupae were 
transferred to three breeding enclosures 
(40 cm × 80 cm × 40 cm). After emergence 
the adults were allowed to mate and lay 
eggs on paper towelling placed in the con-
tainer. Eggs were removed from the breed-
ing enclosures and placed in clear plastic 
containers (20 cm × 10 cm × 5 cm). Upon 
hatching, 300 neonates were randomly 
selected and placed individually into the 
bioassay containers. 

Mortality was monitored at fi ve days 
and daily thereafter for the remaining 15 
days of the trial. Mortality was not as-
sessed prior to fi ve days because the lar-
vae were so small that the probability of 
wrongly assessing mortality was high. All 
surviving larvae were weighed ten days 
and 20 days after placement in the bio-
assay containers. 

Survival of S. litura larvae on the old 
and young leaves of the three cotton va-
rieties was compared using Kaplan-Mei-
er tests. Survival curves were compared 
using non-parametric tests (Genstat 7.2, 
2003). The data were right-censored at 
20 days longevity. For each larva that 
survived to 20 days the weight gain was 
calculated by taking the difference be-
tween the 20 and 10 day weights. The dif-
ferential survival of larvae in the groups 
meant that few direct comparisons could 
be made. However, we compared weight 
gain of the larvae fed young leaves of the 
three varieties using a one-way analysis of 
variance test. The weight gain of larvae fed 
old and young leaves of the conventional 

variety was also compared using a one-
way analysis of variance. Values were 
square root transformed to meet the as-
sumption of normality. 

Results
Survival of S. litura larvae was reduced on 
the transgenic cotton varieties when com-
pared to the conventional variety but only 
when fed old leaves (Figure 1, Log-rank 
statistic = 215.0, df = 5, P-value <0.001). 
Larvae feeding on old leaves of Bollgard II 
had a 6% probability of survival after six 
days. Larvae fed on old leaves of Bollgard 
II Roundup Ready had 16% probability of 
surviving after fi ve days but only 2% after 
12 days. Those larvae fed on old leaves 
of the conventional variety had slightly 
reduced longevity when compared to the 
young leaves of the conventional variety 
(Table 1) and they appear to have a slightly 
reduced survival probability (72% on old 
leaves after 19 days) (Figure 1). 

Mortality of individuals reared on 
young leaves was low, regardless of cot-
ton variety. Those larvae feeding on young 
Bollgard II leaves had an 82% probability 

of survival after 19 days (Figure 1, Table 1). 
Larval survival was 88% on young leaves 
of Bollgard II Roundup Ready after four 
days (Figure 1). These rates were similar 
to the probability of survival for larvae on 
young leaves (88%) of the conventional 
variety after 19 days (Figure 1). Regardless 
of whether they fed upon old or young 
leaves, almost half the larvae survived 20 
days when feeding on Bollgard II (45%) 
or Bollgard II Roundup Ready (46%) re-
spectively. 

The average weight gain of the surviv-
ing larvae feeding on young leaves was 
0.09 g. There was no difference in average 
weight gain of the surviving larvae fed 
young leaves of the three cotton varieties 
(average weight gain of larvae on conven-
tional variety = 0.07 ± 0.01 g, on Bollgard II 
= 0.1 ± 0.02 g, Bollgard II Roundup Ready 
= 0.11 ± 0.01 g; F2,118 = 2.58, P-value = 0.08). 
There was no effect of old and young 
leaves of the conventional variety on lar-
val weight gain (average weight gain of 
larvae on young leaves = 0.07 ± 0.01 g; on 
old leaves = 0.08 ± 0.02 g; F1,72 = 0.01, P-
value = 0.9).

Table 1. Average longevity (mean days ± S.E.M.) of Spodoptera litura larvae 
placed on either young or old leaves of one of three cotton varieties: a 
conventional variety (control), Bollgard II, and Bollgard II Roundup Ready.

Young leaves Old leaves
Conventional 19.5 ± 0.3 days 16.0 ± 1.0 days

Bollgard II 17.8 ± 0.8 days 5.0 ± 0.5 days

Bollgard II Roundup Ready 18.1 ± 0.7 days 4.8 ± 0.4 days

Figure 1. Survivorship probability for Spodoptera litura neonate larvae 
placed on old (dashed lines) and young leaves (solid lines) of three varieties 
of cotton: a conventional variety (control), Bollgard II, and Bollgard II 
Roundup Ready (Bollgard RR).
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Discussion
Spodoptera litura larvae feeding upon older 
leaves of the Bollgard II varieties in this 
study experienced reduced survivorship 
below that of the conventional variety 
and the young leaves of the Bollgard II 
varieties. Furthermore, mortality did not 
increase in the young leaves from the Boll-
gard II varieties compared to the young 
leaves from the conventional variety and 
there was no difference in average weight 
gain. These fi ndings suggest there may be 
variation in the expression of the Bt pro-
teins within the plants used in these ex-
periments. Older leaves may express more 
of the toxins than the younger leaves in 
the Bollgard II varieties and the young 
leaves may not contain enough of the Bt 
toxins to infl uence survivorship of S. lit-
ura. In our study, the plants had already 
begun to fl ower. Changes in the chemistry 
of maturing cotton have been related to 
changes in the effi cacy of Bt toxin (Olsen 
et al. 2005). In Australia, once transgenic 
cotton plants begin to fl ower the expres-
sion of the Cry1A toxins is reduced (Fitt 
et al. 1994, Fitt 1998). This was confi rmed 
by Olsen and Daly (2000) who found that 
levels of the Cry1Ab and Cry1Ac proteins 
decreased as cotton plants matured. Most 
importantly, differing levels of Bt toxins 
have been correlated with lepidopteran 
larval survival and development (Adamc-
zyk et al. 2001b). 

The observed mortality rates, both in 
the young and the old leaf treatments can 
not be defi nitively linked to the expression 
of the Bt toxins within the leaf stock used. 
Dead larvae within the old leaf treatment 
in the fi rst days of the trial were consist-
ently found to be off the leaf stock and 
resting on the agar substrate. Given the 
diffi culty in determining the consumption 
of any leaf material by neonate larvae, it is 
unclear if the deaths were the result of in-
gestion of the Bt toxins or from starvation. 
If the deaths were the result of starvation, 
it could be explained by neonates being 
able to detect the presence of the Bt toxin 
and refusing to feed. Such behaviour has 
been described in other lepidopteran pests. 
In studies of feeding preference, neonates 
of S. exigua avoided eating transgenic 
plant stock (Stapel et al. 1998). Neonates of 
H. armigera were able to detect and avoid 
transgenic cotton (Zhang et al. 2004) and 
H. zea larvae dispersed more rapidly on 
transgenic cotton than on conventional 
cotton (Gore et al. 2002). 

The fi ndings of this preliminary study 
suggest that Bollgard II transgenic cotton 
varieties may be limited in their effective-
ness against S. litura. Not only did almost 
half the larvae survive on Bollgard II 
leaves, those feeding on young leaves of 
the plants did not appear to suffer any 
reduction in weight gain. Although high 
neonate mortality was recorded from 
older leaves of the Bollgard II varieties 

evaluated in this study, this may not 
achieve adequate control of S. litura in the 
fi eld because larvae could preferentially 
feed on young leaves where high survival 
and growth rates were observed. Without 
further study of the expression of the Bt 
toxins from the plants, it is diffi cult to de-
termine if the transgenic cotton varieties 
studied here will be effective against S. lit-
ura. Furthermore, toxin expression needs 
to be determined in the various plant 
parts of these varieties not only in control-
led conditions but also within variant soil 
types and climatic conditions. 
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Abstract
This paper describes technological and 
institutional changes in moving the mon-
itoring of Queensland fruit fl y and other 
pests undertaken by New South Wales 
Department of Primary Industries from a 
paper to electronic system using bar code 
readers. There were many diffi culties en-
countered in the transition. Some barri-
ers to change were technological includ-
ing upgrading of hardware and software 
to be Y2K compliant. The more diffi cult 
concerns were human based, and includ-
ed the perceived loss of data control, im-
mediate accountability and audit ability, 
and the perceived declining importance 
of fi eld staff in the chain of reporting. Un-
related activities such as the Departmen-
tal upgrade of personal computers and 
the Sydney Olympic Games also caused 
delays in implementation. The compu-
ter based system has greatly improved 
accuracy and effi ciency, accountability 
and audit ability, and allows automatic 
reporting. The implementation would 
have been easier and faster if staff could 
have been dedicated to this program, 
rather than having the process imposed 
onto existing workloads. 

Introduction
Pest monitoring in Australia has been 
used ever since fruit quality of domestic 
or export trade became a concern (Frog-
gatt 1909). When Queensland fruit fly 
(QFF) Bactrocera tryoni (Froggatt) was fi rst 
discovered in Easter Island, there was so 
much concern that it would be introduced 
to Chile that an immediate eradication 
program was implemented (Autter 1977). 
Similarly, the discovery of QFF in Western 
Australia resulted in an eradication pro-
gram to ensure the state remained free of 
the pest (Sproule et al. 1992). New Zealand 
continues to monitor for QFF (Matthews 
1996) in the absence of any endemic fruit 
fl ies. QFF has since been introduced to and 
established in several Pacifi c islands, re-
quiring those countries to monitor for the 
pest (Allwood 2000).

The initial response to fruit fl y detec-
tions was to establish quarantine zones 
around other production areas to prevent 

the introduction of pests (Madge et al. 
1997). Many control strategies were de-
veloped to protect each production area 
including controls on commercial fruit 
consignments (Sproule 1975), protein bait 
sprays (Anon. 1960), cover sprays using 
systemic insecticides (Anon. 1964), male 
annihilation blocks (Jones and Skepper 
1965), roadblocks inspecting vehicles for 
fruit (Dominiak et al. 1998a, 2000a, 2001a), 
community awareness (Marrows and Do-
miniak 1998), and the release of sterile QFF 
(Horwood and Keenan 1994, Dominiak et 
al. 1998b, 2000b).

The Fruit Fly Exclusion Zone (FFEZ) was 
launched in late 1994, following the large 
number of QFF outbreaks in the Riverina 
during 1989, and covered the production 
areas of the Riverina, Riverland, Sunray-
sia and Goulburn Valley in the states of 
New South Wales (NSW), South Australia 
and Victoria (Anon. 1993). Horticultural 
Policy Council (1991) also proposed a uni-
form code of rules to monitor, report and 
manage QFF and these were published in 
1997 (Anon. 1997). This ‘Code of Practice 
for the Management of Queensland Fruit 
Fly’ (COP) states that a monitoring grid 
must be established in fruit fl y free towns 
and orchards, and that any detection of 
wild fl ies must be reported to other states 
and federal authorities within two work-
ing days of detection. This was sometimes 
challenging given some of the constraints 
of fi eld operations and the chain of report-
ing, which was in place before the FFEZ 
became established, and given the nature 
and location of these production areas. 
Additionally the paper based system of 
record keeping and data management 
made the system cumbersome.

The aim of this review is to document 
the changes in technology and the diffi cul-
ties encountered in this signifi cant change 
for data management. This paper reports 
on changes in monitoring and reporting 
of QFF in NSW, particularly of the NSW 
component of the FFEZ. It reviews the 
transition from a paper-based system to 
a bar code reader and the database pro-
gram known as ‘PestMon’. It reviews the 
technological difficulties and changes 
encountered and assesses the impact of 
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