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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Cotton was previously grown in tropical Australia
from 1963-1974 during the wet season (summer).
The failure of this industry was primarily caused
by inadequate insect management, which caused
resistance in Helicoverpa armigera.  Since 1974
management of H. armigera has been the major
factor limiting expansion in tropical Australia.  In
1994 a feasibility study on producing cotton in
tropical Australia, with a strong emphasis on
sustainability was commenced.  One of the cor-
nerstones of this proposal was that the use of in-
secticides to control pests, particularly Helicoverpa
spp. (Helicoverpa armigera and H. punctigera)
would be kept to a minimum and transgenic cot-
ton varieties (INGARD�) would be used to assist
this.  INGARD� cotton was grown during the dry
season (winter) in tropical Australia to avoid cer-
tain pests, which were problematic in the 1960-
70�s when cotton was previously grown in this area.
The cotton was grown according to best practice
integrated pest management principles � it was
scouted regularly and records kept of pest and
beneficial insect numbers.  Control of pests oc-
curred according to predetermined thresholds.
Biological products and chemicals, which targeted
specific insects, were preferred over more broad-
spectrum chemicals.  Companion crops such as
lucerne, lablab, or pigeon pea were planted as
strips within the cotton crop to attract Helicoverpa
spp. away from the cotton.  INGARD� alone was
used as a benchmark every season.  After six years
of trials, INGARD� cotton grown with a compan-
ion crop consistently had less Helicoverpa spp.
eggs and larvae on it than the INGARD� cotton
grown alone.  INGARD� cotton grown alone re-
ceived more insecticide sprays for Helicoverpa spp.
control and had a lower yield than INGARD� cot-
ton grown with companion crops.

IntroductionIntroductionIntroductionIntroductionIntroduction

Cotton was previously grown in the Ord River
Irrigation Area in NW Australia (15.5oS, 128.0oE) from
1963-1974.  One of the major causes of the industries
demise was the development of insecticide resistance
in Helicoverpa armigera (Wilson, 1974).  Although H.
armigera was not the major pest initially, insecticides
targeted at other pests including Spodoptera litura,
Pectinophora gossypiella and Earias huegeliana con-
ferred resistance to a range of organochlorine, orga-
nophosphate and carbamate insecticides.  Spray
records indicate that whilst only 12 insecticide applica-

tions were required to grow the first crops, this rose to
21 sprays in 1971 and to an average of 40 sprays in
the final season of 1974 (Michael and Woods, 1980).

Genetic engineering techniques have led to the
development of transgenic cotton varieties containing
specific insecticidal genes, initially the Cry1Ac delta-
endotoxin from Bacillus thuringiensis.  INGARD� cot-
ton varieties have been commercially available in Aus-
tralia for the past six years and have reduced pesticide
use by up to 60% (Fitt, 1998).  INGARD� cotton variet-
ies have also facilitated the implementation of novel
management strategies, which are not compatible with
pesticide use (e.g. food sprays, pheromones, parasites
and predators).  This gene technology has greatly im-
proved the prospect of establishing sustainable cotton
production systems in high insect pressure environments
where heavy pesticide usage is not desirable (Strickland
et al., 1998).  However, the technology must be sup-
ported by integrated pest management methods, pre-
emptive resistance management and merged with com-
plimentary cultural and agronomic practices.  A feasi-
bility study examining whether it would be possible to
re-introduce cotton to the Ord, using new transgenic
varieties was commenced.

One novel move that was investigated in the Ord
was growing cotton during the winter dry season
(March-October) instead of during the summer-wet
season.  This substantially avoided the high pest abun-
dance of Helicovpera armigera, Helicoverpa punctigera,
Spodoptera litura, Pectinophora gossypiella and Anomis
spp., which characterize the wet season (Strickland et
al., 1998).  Additionally the logistics of crop manage-
ment were enhanced in the dry winter months.  It was
found that INGARD� varieties demonstrated excellent
efficacy against a range of lepidopteran pests includ-
ing Helicoverpa armigera but efficacy declined when
plants approached full boll load and there was a re-
quirement for additional Helicoverpa control (Strickland
et al., 1998).  The development of an integrated pest
management system to compliment the transgenic cot-
ton varieties and minimize pesticide use was seen as
being essential for sustainable production.

This paper describes some of the management
options for Helicoverpa, which are being assessed in
the Ord with an aim to re-establishing a cotton indus-
try in tropical NW Australia.

Experimental procedureExperimental procedureExperimental procedureExperimental procedureExperimental procedure

All the trials were planted as two rows (86 cm
apart) on 1.8 m beds, which is the standard farming
practice for the Ord River Irrigation Area.  The target
population was eight plants per meter row and this was
generally achieved.  Fertilizer and herbicide were ap-
plied according to the field history and the crops re-
quirements.  The cotton was flood irrigated according
to weather conditions, crop growth and pan evapora-
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tion levels.  Five varieties of INGARD� cotton (Siokra
L23i, NuCOTN 37, Sicot 189i, Siokra V16i and Sicot
289i) were used between 1997 and 2002 dependant
on breeding developments and seed availability.

Plot size was 10-80 ha depending on field avail-
ability.  Plots were separated by at least 100 m in an
effort to minimize the effects of pesticide drift and the
confounding effects of inter-plot insect movement.  The
treatments and the number of replicates, which oc-
curred on a farm in any given year was dependent on
the growers preferences and availability of fields.  Treat-
ments used were INGARD� cotton grown alone, and
INGARD� cotton grown with a lucerne, lablab or pi-
geon pea companion crop.

Companion crops were planted as strips 10.8 m
wide every 302.4 m within the cotton crop.  The com-
panion crop utilized approximately 0.3% of the crop
area.  Lucerne (12 kg/ha), pigeon pea var. Quest
(35 kg/ha) and Dolichous lablab var. Rongoi (40 kg/
ha) were planted in six rows per 1.8 m bed.  Compan-
ion crops were managed with slashing and water to
control flowering and pod set so that they remained
lush and attractive to insects all season.  INGARD�
cotton grown alone was used as the benchmark every
season.

Pest abundance was measured by direct field
counts.  Field counts followed the standardized sam-
pling procedure detailed in the computer based deci-
sion support system, EntomoLOGIC (Dillon and Fitt,
1995).  This program was also used to determine pest
thresholds but the specific treatments applied varied
according to the companion crop being evaluated.
INGARD� cotton grown with any of the companion
crops was sprayed with insecticides that targeted the
specific pest problem, particularly early and mid-sea-
son.  Chemicals were not applied according to a net
formula, though IPM friendly chemicals were always
preferred where available.  Late in the season, more
broad-spectrum insecticides may have been used if
environmental conditions or pest pressure did not fa-
vor the use of pest specific chemicals.  The INGARD�
cotton grown alone was sprayed with either broad-spec-
trum insecticides or insecticides targeting specific pests
depending on circumstances.

Beneficial insect (predators and parasites) abun-
dance was measured by suction sampling.  This uti-
lized an Echo® blower-vac machine with a flow rate of
10 l/second.  Each sample was 5 m of row length and
five samples were taken in each plot.  Both the cotton
and the companion crops were sampled.  Collections
were returned to the laboratory for species identifica-
tion and recording.

Yield of the cotton lint for each treatment was
determined from data supplied by the commercial pick-
ing and ginning contractors.  Cotton yields per hectare
excluded the area used for the companion crop.

ResultsResultsResultsResultsResults

Statistical analysis of the results was difficult, be-
cause replication of the IPM treatments was dependent
on land availability; if an inadequate amount of land
was available, some treatments were replicated less.
In addition, replication on multiple farms with different
management practices created variability that was dif-
ficult to account for with classical statistical methods.
For this reason, standard error bars have been omitted
from many of the graphs and trends in results rather
than statistical significance are discussed.

Figure 1 and Figure 2 show the mean number of
Helicoverpa eggs and larvae respectively, on each IPM
treatment between 1997 and 2002.  Over the six years
of crop scouting Helicoverpa pressure was relatively light
with a maximum of 100 eggs/m found on any one
occasion.  Most Helicoverpa oviposition occurred early
in the season and trended toward a decline 71 days
after planting.  This generally coincided with mid-late
squaring in June (Figure 1).  The abundance of larvae
was low at the start of the season and increased from
around 71 days after planting (Figure 2).  This can be
attributed to the performance of the INGARD�, which
effectively controlled early-season lepidopteran pests.

The presence or absence of a companion crop
did not significantly influence oviposition on the cotton
and trends in oviposition were seasonal rather than
specific to an IPM treatment.  In 1997 and again in
2000 INGARD� cotton grown alone had significantly
higher numbers of Helicoverpa eggs than INGARD�
cotton grown with a companion crop (F1,783=5.828,
P=0.016 and F3,284=4.172, P=0.007 respectively).  In
other years, there was no significant difference between
the treatments but INGARD� cotton grown alone
trended toward higher oviposition by Helicoverpa than
on INGARD� cotton grown with a companion crop.

All the cotton crops grown during this trial were
managed for Helicoverpa larvae.  Chemical treatments
were applied to the crops when larval pressure reached
2 larvae/m.  The control of larval populations of
Helicoverpa probably negated any significant influence
the companion crops may have contributed to the level
of larval populations.

The presence or absence of a companion crop
did not significantly influence the number of pesticide
treatments which a crop received to control Helicoverpa
(F3,64=1.157, P=0.333).  Trends in pesticide applica-
tion were related to farm locations and seasonality
rather than specific IPM treatments although INGARD�
cotton grown alone usually required more pesticide
applications to control Helicoverpa larvae than
INGARD� cotton grown with a companion crop (Table
1).

Over the six years of the IPM trial, yields between
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fields varied enormously from 1.78 bales/ha to
8.9 bales/ha.  The yield variability has been difficult to
account for in pest management terms given that all
the crops were scouted in a consistent manner and the
same pest thresholds were applied throughout the trial.
The presence or absence of a companion crop had a
significant influence on the yield of INGARD� cotton
(F3,64=3.886, P=0.013).  INGARD� cotton grown with
a lablab companion crop had a significantly lower yield
than INGARD� cotton grown alone or INGARD� cot-
ton grown with a lucerne or pigeon pea companion
crop (Table 2).

A density dot plot showing the yield of cotton in
each treatment from every field found that three fields
had extremely low yield, two of which were INGARD�
cotton grown with a lablab companion crop (Figure 3).
These low yields were attributed to agronomic prob-
lems such as poor nutrition, poor irrigation manage-
ment or water logging.  The density dot plot also showed
that the yields for INGARD� cotton grown with a lablab
companion crop were clustered between five to
six bales/ha while yields for the other IPM treatments
appeared to be more normally distributed.  The homo-
geneity of the variances for the different treatments was
examined using the Scheffé-Box test (Sokal and Rohlf,
1981).  The observed F ratio (F3,11=0.2275) was found
to be non-significant so it was concluded that the vari-
ances were homogeneous.  The clustered yields for
INGARD� cotton grown with a lablab companion crop
were probably caused by pests other than Helicoverpa.

The most common beneficial insects found in the
cotton and the companion crops were generalist preda-
tors such as spiders, ants, lady-bird beetles (Coccinella
transversalis) and carabid beetles.  Trichogramma
pretiosum was the most common parasitic wasp al-
though Telenomus sp. and Microplitis demolitor were
also abundant in some years.  Predatory Hemiptera
(Oechalia schellenbergii, Geocoris lubra, Deraeocoris
signatus and Orius spp.) also occurred.  The numbers
of beneficial insects collected from the cotton was low
at the start of the season and then generally increased
(Figure 4).  The presence or absence of the companion
crop significantly influenced the number of beneficial
insects found in the cotton (F3,1881=16.723, P=0.000).
Less beneficial insects were collected from INGARD�
cotton grown alone than from any other treatment.
INGARD� cotton grown with a lucerne companion crop
generally had the highest number of beneficial insects
but this was not consistent from year to year.

On most sampling occasions the type of com-
panion crop did not influence the number of beneficial
insects collected from the companion crop (Figure 5).
Rather the presence of beneficial insects in the com-
panion crop was influenced by seasons with more ben-
eficial insects being collected in 1997 and 1999 than
in any other years.  From early August, low numbers of
beneficial insects were collected from lablab but this
may have been due to management of the companion

crop rather than a true decline in the abundance of
predators and parasites.

DiscussionDiscussionDiscussionDiscussionDiscussion

A key factor of the integrated pest management
system being proposed for cotton in the Ord is the use
of companion crops for managing pests and encour-
aging naturally occurring biological control agents such
as predators and parasitoids to move into the cotton.
The companion crops were usually planted around the
same time as the cotton.  Lablab and pigeon pea es-
tablished quickly but lucerne was more difficult to es-
tablish primarily due to the hot weather and often re-
quired replanting a number of times.  Lablab and pi-
geon pea were found to be attractive to pests and ben-
eficial insects in both the vegetative and flowering
phases although attractiveness increased with flower-
ing.  Lucerne companion crops were generally attrac-
tive to insects only during flowering.  Management of
flowering and pod setting in the companion crops was
a concern because the life of the companion crop could
be shortened, and if viable seed was produced the com-
panion crops could potentially become weeds.  Flow-
ering and pod formation were successfully managed
by slashing the companion crop one or two times dur-
ing the season.  This maintained attractiveness to in-
sects and also prevented the lablab from becoming
invasive into the cotton.  Management of lablab and
pigeon pea flowering generally occurred between July
and August.  During this time lower numbers of benefi-
cial insects were recorded in both the cotton and com-
panion crops than on cotton and lucerne.  Slashing, at
the time it occurred in the trial, may have reduced the
companion crops potential to attract beneficial insects.
It has been observed that if lablab and pigeon pea are
slashed in August, they can be slow to recover.

Companion crops grown in association with
INGARD� cotton decreased the abundance of
Helicoverpa on the cotton.  This probably occurred in
two ways.  The companion crops were more attractive
to the pests than the cotton and drew pests away from
the cotton (Annells and Strickland, 2002).  The com-
panion crops were also attractive to beneficial insects,
which prey on Helicoverpa and their higher abundance
in close proximity to the cotton may have encouraged
dispersal into the cotton when food resources became
limiting in the companion crop.  Once in the cotton,
the beneficial insects contributed to the control of pest
species.

As early as 1961, van den Bosch and Stern rec-
ognized that �expansion of integrated control programs
were limited in part by the nature of the available con-
trol materials at the time.�  They further postulated that
the absence of effective and selective chemical materi-
als was probably the major factor limiting greater ac-
ceptance of integrated pest management.  The intro-
duction of INGARD� cotton in Australia and new se-
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lective chemicals such as NPV virus, spinosad and
indoxacarb, which target Helicoverpa and other Lepi-
doptera only and are well tolerated by non-target or-
ganisms including many beneficial arthropods has ex-
panded the horizons of integrated pest management
in agriculture.  The new �soft� insecticides available do
have limitations in application and efficacy but the pres-
ence of beneficial insects can greatly enhance their ef-
ficacy in the field.  Timely applications of Tracer® (480
g/l Spinosad applied at 200 ml/ha)) in concert with the
presence of active beneficial arthropods will extend the
effective control interval of Tracer® thus offering the
potential of lower product sprays when compared to a
conventional insect management program (Petersen et
al., 1997).  INGARD� cotton grown alone generally
required more insecticide applications for Helicoverpa
control than INGARD� cotton grown with a compan-
ion crop.  It was also observed that INGARD� cotton
grown alone generally required more follow-up spray-
ing if new generation chemicals were used.  The higher
abundance of beneficial insects in INGARD� cotton
associated with a companion crop increased the effec-
tiveness of the �soft� chemicals by controlling
Helicoverpa, which escaped the chemical application.

Yield variability and declining yields during the
six years this integrated pest management trial occurred
are difficult to account for in pest management terms
given that crops were scouted in a consistent manner
and the same Helicoverpa thresholds were used.  Early
experiments with INGARD� cotton in the Ord raised
concerns that the fixed threshold of 2 larvae/m row may
not be appropriate for the unusual winter growing en-
vironment.  The reverse growing season means that
cotton growth is rapid during the high temperatures at
the beginning and end of the season but slow during
boll development in the mid-season.  This is when most
pest damage occurs.  Also, extensive periods of sub-
threshold damage by Helicoverpa were observed.  Ex-
periments exploring the impact different fixed thresh-
olds for Helicoverpa have on yield found that signifi-
cant yield was being lost by adhering to the standard
threshold of 2 larvae/m (Strickland and Annells, 2002).
It was perceived that the lower thresholds had the ef-
fect of early intervention in prolonged sub-threshold
situations.  A dynamic threshold has been developed
which has the potential to increase yield without in-
creasing overall chemical usage (Strickland and Annells,
2002).

Low yields for INGARD� cotton grown with a
lablab companion crop may have been caused by pests
other than Helicoverpa.  A complex of mirids including
Creontiades dilutus and Creontiades pacificus occur on
cotton in the Ord.  The use of companion crops has
been shown to be a valuable tool for attracting mirids
away from the cotton but two problems have been ob-
served.  Firstly, mirids are highly mobile and adults will
move between the companion crops and the cotton.
Secondly, companion crops appear to act as nurseries,
breeding up mirids, which attack the cotton (Annells

and Strickland, 2002).  Mirid damage to cotton grown
during the winter can be severe.  Under winter growing
conditions in northern Australia small numbers of mirids
can cause large reductions in cotton yield (Ward per-
sonal communication, 2002).  It is probable that the
presence if lablab and its attractiveness to mirids con-
tributed to low yields in INGARD� cotton grown with a
lablab companion crop.  Alternative forms of mirid
control including a trap and kill approach with soil in-
secticides such as aldicarb applied to the companion
crops are under investigation.  Early results have indi-
cated that this is very successful at controlling mirid
numbers in companion crops with little impact on ben-
eficial insects (Annells and Strickland, unpublished
data).

Companion crops demonstrated a capacity to
produce relatively large numbers of beneficial insects,
both predators and parasitoids.  The presence of a
companion crop increased the number of beneficial
insects found on the INGARD� cotton and this should
have a direct impact on the number of Helicoverpa
present in the crop.  Lablab has the most consistent
number of beneficial insects throughout the season and
between seasons while beneficial arthropod numbers
on the other companion crops fluctuated widely de-
pending on seasonal conditions.  It is disappointing
that the use of a lablab companion crop contributes to
low cotton yield but if this can be overcome through
better management of mirids in the companion crop,
the consistency of lablab at attracting pest and benefi-
cial insects and its easy management may be an im-
portant consideration when using companion crops in
a farming system.
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TTTTTable 1.able 1.able 1.able 1.able 1. The number of spray applications applied to INGARD� cotton grown with different compan
ion crops to control Helicoverpa spp. in each year of an integrated pest management trial in
the Ord. Blank cells indicated that this treatment was not undertaken in this year.

TTTTTable 2.able 2.able 2.able 2.able 2. The yield (bales/ha) of INGARD� cotton grown with different companion crops in each year
of an integrated pest management trial in the Ord.
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
Mean number of
Helicoverpa spp. eggs
found on INGARD�
cotton grown with
different IPM treat-
ments for six winter
seasons in the Ord
River irrigation area.

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2.
Mean number of
Helicoverpa spp. larvae
found on INGARD�
cotton grown with
different IPM treat-
ments for six winter
seasons in the Ord
River irrigation area.

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3.
Density dot plot
showing the yield of
INGARD� cotton
grown with different
companion crops from
every field in the trial.
(Control = INGARD�
cotton grown alone).
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Figure 5.Figure 5.Figure 5.Figure 5.Figure 5.
Mean number of
beneficial insects
collected with a
suction sampler
from different
companion crops
grown next to
INGARD� cotton
in the Ord
between 1997
and 2002.

Figure 4.Figure 4.Figure 4.Figure 4.Figure 4.
Mean number of
beneficial insects
collected with a
suction sampler
from INGARD�
cotton grown
with different
IPM treatments
in the Ord
between 1997
and 2002.




