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Summary

Australian cotton is now dominated
by transgenic (Bt) varieties, which
provides a strong platform for
Integrated Pest Management (IPM)
of key pests such as Helicoverpa
spp. This now means though that
new selective IPM products are
required to manage the development
of resistance in Helicoverpa spp. to
transgenic cotton and the control
of emerging and secondary pests,
especially sucking insects. A 10 year
study looking at organ surfaces of
plants identified Clitoria ternatea
plants as having compounds that
deter feeding, oviposition which
are toxic and do not support

the development of Helicoverpa
spp. and other sucking pests on
cotton plants. In collaboration
with Innovate Agriculture Pty

Ltd, these compounds have been
developed into a product (Sero X°)
that is effective on Helicoverpa
spp., Bemisia tabaci (silverleaf
whiteflies) and Creontiades dilutus
(green mirids) with minimal
impact on beneficial insects,

and is in the advanced stages of
commercialisation for use in the
cotton industry.

Introduction

With the commercial release of transgenic
Bt (Bollgard 11®) cotton, insecticide use

to control Helicoverpa spp. has declined.
However, prior to the uptake of Bollgard
11, early season applications of synthetic
insecticides against Helicoverpa also
suppressed the populations of sucking
pests such as Creontiades dilutus (green
mirids), Nezara viridula (green vegetable
bugs), Bemisia tabaci (silverleaf whiteflies)
and Aphis gossypii (cotton aphid). This
reduction in insecticide applications and
the ineffectiveness of the Bt toxin against
sucking pests has resulted in a greater
incidence of sucking pest populations as
well as an increase in use of insecticides
aimed at controlling these pests. Issues
of insecticide resistance, disruption of
beneficial species, high production costs
and environmental impacts now require
the development of alternative strategies
for managing and controlling sucking
pests (Gregg and Wilson 2008).

Behaviour modifying chemicals, which
improve control and management

of sucking pests and Helicoverpa

spp. on cotton, are some of the novel
non-chemical and natural chemical

pest control tools that are required to
complement beneficial insect activity
against cotton pests and thus support IPM
programs in cotton.

In the search to develop a new
semiochemical product, affecting insect
behaviour, our intention was not to focus
just on compounds of known structure
(including sugars, amino acids, gossypol,
and tannins) (Tukey, 1971) unless these
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emerged as particularly effective during
bioassays and chemical identification
studies or if there were differences in their
presence (e.g. in various plants or plant
parts)which indicated that they could

have significant behavioural determinants.
Analysis of known compounds is a
comparatively trivial exercise which
logically precludes the discovery of novel
compounds. Although bioactivity-guided
fractionation of plant extracts would not
necessarily lead to detection of novel
compounds it was rationalized that the
probability would be increased in the case
of plants that have received little or no
previous attention.

Specifically, the aims of the study were
to: (1) isolate and identify plants that may
contain natural plant chemicals having
stimulant or deterrent/repellent activity
towards Helicoverpa spp. and other pests
on cotton, (2) undertake bioactivity-
guided fractionation of extracts of the
plant materials, and to identify fractions
efficacious against Helicoverpa spp.
oviposition and larval survival; and (3)
develop a semiochemical product from C.
ternatea bioactive fractionalised mixture
into a commercial product and determine
the impact of the product on cotton pests
and beneficial insects.

Materials and methods

The working hypothesis for the screening
and identification of plants, potentially
having insect behaviour-modifying
properties, was based on the evolution
of oviposition behaviour among female
insects which tend to select plant species
that will maximize survival of their larvae
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(Rausher, 1982; Thompson & Pellmyr,
1991). For example, Helicoverpa spp.
adults that do not feed on the cotton plant
but have to select a host plant which will
support larval survival and performance,
the cues received from plant surfaces play
a major role in the decision to oviposit or
not (Schultz, 1988).

Between 2001 and 2002, C. ternatea,
various cotton genotypes and selected
refuge crops (Hall, 1985; Mensah & Khan,
1997; Mensah, 1999; Mensah et al. 2013)
were planted in 12 metre row strips within
commercial cotton fields and screened for
behaviour modifying properties against
pests (Benays & Chapman, 1994). Counts
of Helicoverpa spp. eggs and larvae on
these crops were carried out fortnightly
throughout the cotton season.

The study identified C. ternatea as
deterring insect egg lay, feeding as well
as causing direct mortality to Helicoverpa
spp. and other cotton pests. Thus the
plant was thought to be containing some
secondary plant compounds (SPCs) that
may either kill or modify the behaviour of
insect pests.

During 2003 and 2004, C. ternatea extracts
were prepared and the most promising
crude extracts (particularly non-volatiles)
that demonstrated biological activity
against Helicoverpa spp. were identified
and later fractionated using a Solid Phase
Extraction (SPE) technigue similar to that
used by Sharma et al., (2001) and Green et
al., (2003). Six fractions were prepared and
bioassayed for efficacy against Helicoverpa
spp. oviposition, feeding and mortality on
cotton plants.

Following the bioassay studies, the
promising C. ternatea fractions were
combined, formulated and then
bioassayed for efficacy against Helicoverpa
spp. Adult oviposition ,larval feeding

and mortality of Helicoverpa spp. was
tested on potted cotton plants within a
mesh house. The combined formulation
was also tested in small scale field trials
against Helicoverpa spp., Creontiades
dilutus (green mirids) and Bemisia tabaci
(silverleaf whitefly), and efficacy compared
with commercial conventional insecticide
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FIGURE 1. Efficacy of C. ternatea against Helicoverpa spp. eggs (A) and larvae (B) on commercial cotton crops at
Norwood near Moree, 2009-2010. Arrows indicate spray application dates.

products used by growers to manage
these pests on cotton in Australia.

Results

Helicoverpa spp. and other cotton pest
infestations on C. ternatea were lower than
that on cotton and the other refuge crops.
The mixture of C. ternatea formulated
fractions was found to reduce Helicoverpa
spp. egg lay and to be efficacious against
Helicoverpa spp. first to third instar larvae
(Figure 1).

In addition to Helicoverpa spp., the C.
ternatea extract was found to control
Creontiades dilutus (green mirid) adults
and nymphs (Figure 2) and Bemisia
tabaci (silverleaf whitefly) adults and
nymphs (Fig. 3) when applied to the
pest populations in the cotton field. No
significant difference in the number of
B. tabaci nymphs per leaf was found
among plots treated with C. ternatea and
conventional insecticides (Fig. 3).

In the case of beneficial insects, the results
showed that application of Sero-X to
cotton plants did not affect the number

of predatory insects such as predatory

beetles, predatory bugs, lacewings and
spiders. No significant difference was
found among the Sero-X treated and the
unsprayed (control) plots after the first and
second spray applications. However, after
the first spray, plots treated with Fipronil
had lower number of predatory insects
than the unsprayed plots.

Discussion

The present results clearly showed that
very few Helicoverpa spp. eggs, larvae
as well as green mirids and silverleaf
whiteflies occurred in areas which had
been treated with C. ternatea fractionated
products. A new biopesticide product
now known as Sero X® has been
developed from C. ternatea. The study
found minimal impact of the C. ternatea
product on beneficial insects, less than
the commercial synthetic insecticides,
indicating that the C. ternatea product
should be compatible with IPM.

It is anticipated that the aim for Sero X ®
in cotton pest management is to be used
as part of the industry’s IPM program to
modify the behaviour of insect pests on
cotton crops by deterring pest egg lay and
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feeding as well as causing mortalities to
pests to reduce/suppress populations

of Helicoverpa spp. and other sucking
pests such as green mirids, silverleaf
whiteflies etc. Itis also anticipated that
Sero X ® might be used, in conjunction
with attractants such as Magnet® or
attractive crops, in push-pull systems that
manipulate Helicoverpa spp. populations
in cotton landscapes for the purposes of Dates of assessment
IPM and/or Bt resistance management.
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is to develop a strategy that can integrate
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Mensah et al. (2013) suggested several

strategies for exploiting semiochemicals

in managing pests especially Helicoverpa
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to deter pest oviposition and feeding,

(3) apply semiochemical lures with

insecticides to stimulate oviposition

and feeding on another crop, (4) apply FIGURE 3. Efficacy of C. ternatea against silverleaf whitefly (Bemisia tabaci) adults (A) and nymphs (B) per leaf
semiochemicals directly to pests to cause on commercial cotton crops at Norwood near Moree, 2009-2010. Arrows indicate spray application dates.
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direct mortality and (5) mix semiochemical
with insecticides to enhance synergism
(through exploitation of semiochemicals
as stimulants, deterrents, attractants or
repellents in conventional spray programs
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to manipulate the behaviour of the pest
or cause direct additional mortality of the
pest to protect the resource).

The studies reported here are the
beginnings of a long term research

plan to develop new biopesticides to
explore these possibilities. The Cotton
Research and Development Corporation
(CRDC) have invested in the Centre

for development of Biopesticides and
Semiochemical products with New South
Wales Department of Primary Industries,
University of Western Sydney and
University of New England as the initial
participating research organisations.

In my opinion, research aimed at
developing commercial products

can often provide new insights into

some fundamental questions of insect
chemical ecology, which in turn open
new possibilities for pest management.
Hence the adoption of a strategy whereby
a product such as Sero X, that contains a
combination of a wide range of a plant’s
secondary plant compounds, can be
exploited in the context of IPM to manage
pests such as Helicoverpa spp. and

other sucking pests in cotton and other
agricultural crops.

Conclusion

In light of the evidence provided in this
study, the use of semiochemicals such
as Sero X, either alone or in combination
with other biopesticides or synthetic
insecticides, has the potential to
manipulate the behaviour of the pest

or cause direct mortality of the pest to
protect the target crop.
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