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Introduction

Cotton crops in Australia are visited by a wide range of beneficial insects. These include
generalist predators and specialist parasitoids which attack key pests. The potential value of
these beneficial insects has not been widely exploited in cotton pest management due to lack
of understanding of their impact on pests, lack of techniques to maxiimse their abundance
and effectiveness and indiscriminate use of broad-spectrum insecticides on cotton crops
against major pests.

The adoption of within field monocultures in the cotton production system in Australia also
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discrinxinate against and reduce the activity of beneficial insects because they lack ecological
diversity (Hagen and Hale, 1974). In such agroecosystems, pest populations increase,
Thinor pests become major pests and non-pests become pests. This is because the food,

cotton pests usually have different food requirements in the larval and adult stages to
develop and survive through the season. In contrast, adult pests particularly Hencove, pa
spp. can nomially lay their eggs without any feeding, relying only on food reserves
transferred from their larval stage (Belme, 1967). Hencove, po spp. are hi^hly lingratory
and can rapidly infest cotton crops and lay their eggs. Unless natural eneintes are present
and well established in high numbers before the pest arrive, they cannot respond rapidly
enough to controlthese pests (Fitt, 1989; Mensah, 1997, 1999).

hosts, prey, and hibernating or ovenvintering sites of the natural eneintes are reduced thus
affecting biological control roeLoach 1971; Mensah, 1997; 1999). Natural enenxies of

Many beneficial insects have been found and identified in cotton crops in Australia. The
development of a strategy that may conserve and maxinxize the abundance and effectiveness
of these beneficial insects in cotton fields will be crucial to enhance biolo^;ical control. The
questions to be asked therefore is "what are the key management strategies for beneficial
insects in cotton fields to enable growers getthe best value out of these insects or to enable
the beneficial insects have an on-going econonxic role in modem cotton production?" These
questions and many more have been answered in this article in the light of available
research data. In addition, strategies currently used in Australia to manage beneficial insects
in cotton fields have been discussed.

1.0 Key management strategies for beneficial insects in cotton
fields

Natural eneintes of pests (see Table I) like other insects need to be managed in the crop
system in order to maxiintse both their abundance and effectiveness. There are various
ways of modifying the environment and manipulating beneficial insects to increase their
effectiveness. Whatever strategy used, the approach is to modify the natural enemy or
beneficial insect to pest ratio in favour of nanrral enerntes in order to achieve biological
control of a pest species. In any strategy chosen to manipulate natural enemy populations, it
is importantto act when the pest population is low rather than high because in a high pest
population it may be too late for the natural enenxies to respond effectiveIy to the pest
numbers. Some of the strategies that can be used to manage and modify the beneficial



insects to pests ratio are provision of supplementary food, intercropping with non-crop
plants, release of naturaleneimes, selective pesticides, resistant plant varieties and planting
cotton in stubble.

Table I. Major predators of cotton pests in cotton cropsin Australia.

Order

Coleoptera

Herixiptera

Faintly
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Coccinellidae

MeIyridae

Neuroptera

Nabidae

Lygaeidae
Pentatoimdae

Araneida

Coccinella transversalis (Fabricius)
Adalio bjp"nct@t@ (Linnaeus)
Dtcronol@"is bell"jus (Guerin-Meneville)

Reduviidae

Species

Chiysopidae
Hemerobiidae

Thysarioptera

Nabis capsjfonnis (Gennar)
Geocoris I"bra (Kithaldy)
Cenn@twins nasalis(Westwood)
Ocheli@ schel!enbergii(Gueiin-Meneville)
Cordni, s trigbeat"s (HOTvath)

Lycosidae
Oxyopidae

Salticidae
Araneidae

2.0

Chiysopo spp.
Microm"s t@sum"iae Ovalker)

Thtipidae

The application of supplementary food products such as artificial honeydews to crops has
been reported to attract and concentrate predatory insects and enhance biological control

(NGuenschwander and Hagen, 1980; Hagen, 1986).

Provisio

Lycos@ spp.
Oxyopesspp.

Sqmcidae spp.
Arune"sspp.

Group

of Supplementary food

In Australia, many food spray productssuch as Envirofeast@, PredFeed@ and Aimno Feed

are commercially available for use in pest management programs. However, with the

exception of Envirofeast@, not all these food spray products has undergone strict peer
review in international literature. Predfeed@ was developed and tested by Abduimajeed at

o1. (1972). They reported that PredFeed@ combined with honey and molasses can only
increase the numbers of green lacewings and nabids. There is no known literature on

mixino feed in international joinnal making it difficult to COILuiient on the product's
efficacy. Envirofeast@ product was developed and tested by Mensah (1995, 1996, 1997).

The product when applied to cotton crops attract, arrest and conserve predatory insects in
cotton (Figure I).

Fronliniello sch"Itzi(Trybom)
7717ips tabaci(I, mdeman)

Predatory
beetles

Predatory
bugs

Predatory
lacewings

Spiders

Thtips
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Figurel: Effect offo0d sprays on numbers of predatory insects on commercial cotton
during early, rinddle and late cotton season in AUScott at Nanabri, NSW, 1992-93.
oneans between tieattnents followed by same letter are not significantly different
(P>0.05). Error bars represent standard errors.
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In general, food sprays can either attract or arrest predators. The species of beneficial

insects which can be attracted by a particular food product may depend in part on the type

offo0d supplement oringredients in the food product, the strength of the food odour, the

tinting and rate of application of the food product. A food supplement containing a specific

protein component can attract and or arrest some beneficial insects whereas those with

sugar base can only arrest not attract. In addition, the presence of a refugia source for
beneficial insects within or close to the cotton farm where the insects can be attracted is

crucial for the effective attraction of beneficial insects by the food sprays. A refugia for the

beneficial insects can be set up in the fonn of alternative crops interplanted as or as borders

or in a centrally-located field in the cotton farm.

The use of food sprays alone may not provide satisfactory pest control for farmers to

achieve their expected high yields, but it can delay the need for synthetic insecticide sprays.

In an experiment to deterThine the effect of application of Envirofeast@ (food) supplement

on the yields of cotton crop at Norwood, it was found that cotton crops managed with

Envirofeast@ alone yielded 1.05 bales per acre compared to 3.20 and 0.40 bales per acre in

conventional insecticide managed crops and an unsprayed plot Crable 2). Integrating

Envirofeast@ sprays with a biological and synthetic insecticides significantly reduced

synthetic insecticide sprays and increased cotton yields (Tables 3 and 4 ).

Table 2. Effect offo0d supplements on cotton yield (bales per acre) at Norwood near
Moree in NSW, 1992-93.
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.

Treatrnents

Envirofeast@

Sugar

Envirofeast B

Oil+Gum

No. of sprays

Control(Unsprayed)

Conventional

11

11

Yield (bales per acre)

11

1.05 a: 0.13 a

11

0.51:^ 0.24 b

o

0.75 ^ 0.25 b

9

1.50 ^ 0.29 c

0.40 ^ 0.16 b

3.20 ^ 0.28 d



Table 3. Yields (bales per acre) of cotton crops managed under Envirofeast@, biological
and conventional insecticide regimes in commercial cotton farms at Norwood near Moree in
NSW, 1995-96.

Treainients

Envirofeast@+ Bt

+Synthetic insecticides

89

Envirofeast@ + Gemstar

virus + Synthetic insecticides

No. of

Envirofeast@

sprays

Conventional insecticide

managed nomial cotton

No. of

Envirofeast@

+ Biopesticides

6

Table 4. Yields of cotton crops managed under Envirofeast@, biological and conventional

insecticide regimes in commercial cotton farms at Nonvood near Moree in NSW, 1996-97.

No. of

Synthetic

insecticides

6

Treaiments

6

o

Yields

(bales/acre)

Envirofeast@+Gemstar

+Synthetic insecticides

6

No. of

Envirofeast@

sprays

Envirofeast@ +Tracer

Synthetic insecticides

o

3.10 a

Conventional insecticide

managed noonalcotton

No. of No. of No. of Yields

Envirofeast@ Selective Synthetic (bales/ac)

+Virussprays insecticides insecticides

4

9

3.19 a

Means between treattnents within rows followed by the same letter are not significantly
different(P>0.05), Tukey-Kramer Multiple Comparison Test.

4

3.40 b

4

o

o

2

o

4

3

4

3

3.0 a

6

3.20 a

3.10 a



Food sprays particularly Envirofeast@ can also increase the consumption rate of some
predators, particularly ladybird beetles (Figure 2), increase their searching ability and
suppress oviposition of Hencove, PC spp. females (Mensali, 1996).
In a study to deterTwine the-effect of food sprays on the consumption rate of the transverse
ladybird beetle of Hencoveip@ spp. eggs, cotton leaves containing the moth eggs were
treated with either Envirofeast@, Envirofeast B, sugar solution or water (control). The
results showed that the number of eggs consumed by the transverse ladybird beetle was
significantly higher (P<0.05) on cotton leaves treated with Envirofeast@ than leaves treated
with either sugar solution or water (Figure 2).
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Figure 2. Effect offo0d sprays on the number of Hencovei:po spp. eggs consumed
by C. transversalis in the laboratory at ACRl in Narrabri, 1997-98.

o

2.1 Guidelines for use of Food sprays in cotton systems

Beneficial insects fomia majorpart of any sound pest management system. Therefore any
pest management system, whether organic or ERM, which incorporates food sprays
essentially focuses on the management of insect pests by manipulating predatory insect
populations. For the success of this type of pest management strategy, it is important to
select afield or whole farm farther away from insecticide drift or notto be surrounded by
conventional insecticide managed farms. Growers should therefore form ERM support
groups with their neighbours and work together. It is also very important for the grower or
consultant orthe pest manager to carry out visual checks (i. e bug checking or scouting) of
pests particularly Hencove, PC spp. or bonwonn eggs, very small(Vs), small (S), medium
on) and large (L) larvae and all beneficial insects of whole cotton plants at least 2 times
every week or as required by the grower for the particular fann. Both pests and beneficial
insects should be recorded as numbers per metre. This is to allow a predator to prey or pest
ratio to be detemiined and used as a protocol to make pest management decisions in a
particular farm.

2.2 Reco mended application of Food sp ays
Food sprays can be applied as band or skip row early season or over the entire field in the
rind and late season using a ground rig , knapsack or an aircraft. Application volume when

Eggs+Envirofeast@

Eggs+Envirofeast B



using a imapsack or groundrig will vary according to the stage of growth of the cotton
crop. Application to run off is recommended to ensure good coverage.

3.0 se of Pre ator to ratipes

Since beneficial insects particularly predators fonn a major componentin pest management
progran^nes, it is very important to incorporate their activity into pest management
decisions. This can be achieved through the use of predator to pest (Hencove, PC spp. )
ratio. The application of insect food attractarits on commercial cotton crops can mediate
changes in the predatorto pestratio by (1) attraction of the predatory insects to the area by
volatile compounds Glinttedby the food attractant (2) anesiment of predatory insects in the
area following contact and subsequent feeding on the food attractorit; (3) increased
searching activity indu(^ed by contact with and feeding upon the food attractorit (4)

consumption rate of predators and (5) decreasedincreased oviposition activity of
Hencove, po spp. due to the presence of the food attractant especially Envirofeast@
(Mensah, 1996; 97; Mensah at at. , 2000; Mensah and Singleton, 1999). The decision to
control Hencove, pa spp. should be based on the ratio of predators to pests in the cotton
crop as indicated by scouting/'bug checking counts. A predator to pest ratio of 0.5 or higher
can reduce the survival of very small and smalllarvae to medium and large larvae (Figure
3). However, a ratio lower than 0.5 resulted in higher survival of Hencove, p@ larvae
(Figure 3).

.I Decision maki g protocol

The accepted predator to pestthreshold is 0.5 or higher.
. When the predator to pest ratio fall below 0.5 butts higher than 0.4 and Hencovem@

population is mostly eggs, a food supplement such as Envirofeast@ can be applied to
attract more predatorsto feed on the eggs and improve the ratio.
However, when the Hencoveipa population falls below 0.5 but is higher than 0.4 and
Hencoverpa population in your bug check is predointnantly neonates (rather than eggs)
then a food spray and a biological pesticide should be applied to restore the ratio to 0.5
or higher (see IPM guidelines in Entopak, 1999 for details).
If the predator to pest ratio is 0.4 or lower following application of biological insecticide
and Hencoverpa population is more of larvae, use a selective insecticide to control the
larvae before they develop to mediums. Three days after applying a selective insecticide,
re-apply a beneficial insect food attractantto restore the system.

.O Provisio f refugia for Benefiia insects 'n Cotton

Provision of refugia for beneficial insects in cotton within the growing season includes trap
cropping, strip cropping or internlanting and other type of polyculture. The planting of
shrubs or flowering plants around the cotton farm can also help in the management of
beneficial insects. In Australian cotton systems, strip intercropping, trap cropping are used
to diversify the cotton agro-ecosystem and manage pests and beneficial insects (Mensah,
1999). Internlanting alternative crops in cotton can serve as a refuge or source of beneficial
insects to the cotton crop. However, an intercrop system in some cases may act as a sink
for predators by being more attractive than the primary crop itself omensah, 1999) and
unless predators are attracted orforced out of the intercrop system, the use of an intonerop
strategy to maxinxise the abundance of beneficial insectsin the primary crop may be counter
productive to the enhancement of biological control.



Studies have been conducted in Australia to datennine the utility of alternate crops such as
refugiaforpredatory insects of Hencove, p@ spp. when they were interplanted as strips in
cotton fields in Australia (Mensah, 1999) (see Figure 4 and 5). The study showed that
interplanting Iuceme as strips in cotton fields can conserve and increase the densities of
predatory insects of Hencove, p@ spp. in cotton (Figure 4 and 5). The internlanted Iuceme
crop acted as a refugia and a source of the predators to the cotton crop (Figure 5). The
refugia orsource function of the Iuceme strips may be attributed to the abundance of floral
nectar and alternate prey, shelter, mating and oviposition sites etc provided by the Iuceme
crop (Bugg at a1. , 1987), compared with the monocultoral cotton. Thus given the
abundance of food resources within the Iuceme strips, higher numbers of predators may
not have been inclined to move from the stripsto forage the adjacent cotton crop.

The movement of the predators can be improved by either applying food spray to attract
predators especially the predatory beetles, bugs and lacewings onto the cotton crop
(Mensah, 1997) or by using smaller Iuceme strips less than 12 in wide or slashing all the
Iuceme strips or allowing the Iuceme crop to hay off omensah and Harris, 1995). The last
till^ options may also force Creonti@des dimt"s (green nitrids) another pest of cotton
which prefersluceme to cotton, to move from Iuceme to cause damage in cotton onensah
and Khan, 1997; Mensah, 1999).
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4.1 Guidelines for establish ent a

strips in commercial cotto

Apartfrom interplanted Iuceme crop serving as a refuge for beneficial insects and spiders in
cotton farms, Iuceme crop is also preferred over cotton by the green Thind (Creonti@des
dimti, s) and therefore can be used as a trap crop to manage this insect.

4.2 Size and placement of Iucerne strips
Luceme strips can be used:
. within the cotton field with a maximum width of8 or 12 rows per 300 rows of cotton.

. as a field border; a Iuceme crop can be placed on both sides of the field. In this case, a
Thinimum areaof 5% of the whole field should be planted to Iuceme (eg 24 rows each
side of a 1000 row wide field).

. as a block; a Iuceme crop can also be planted in a centrally-located block in the farm.
The lasttwo options may be slightly less effective than strips grown within the field
particularly for green rimrid control. In all cases, the Iuceme should be green and not
allowed to hay off.
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ariageme t o

4.3

fits most important to have the Iuceme strips established before cotton planting.
Seeding rates of around 5 kg/ha should be used in dryland situations and 10 to 15 kg/ha for
irrigated crops. Good seed bed preparation is required to achieve good establishment.

Establishment of Iucerne

Iucerne

Irrigation ariagement

A 20-day cycle from September to December and a 10 from December onwards are the
recoilunendations for maximum production of Iuceme in Northern NSW of Australia.
Since cotton growers are not striving for maximum production, a first Iuceme watering
should be done when the cotton startsto square, another Iuceme irrigations can be applied
as the cotton requires.

5 Management of Iuce me within the strips

4.4

The Iuceme strips should be kept attractive through the cotton growing season especially
during the early squaring and flowering period of the cotton crop. Once Iuceme begins to
flower, vegetative growth is Minited and it is less attractive to insects which may serve as
food for the beneficial insects, hence as a refuge or trap crop. The attractiveness of the
Iuceme strips can be maintained or achieved by slashing or mowing half of each Iuceme
strip every four weeks to maintain new regrowth. The presence of new regrowth will
enhance continuous infestation of insects such as aphids and thrips, jassids which serve as
food for the beneficial insects.
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Wheatis one of the rotation crops used in Australia. Wheat stubble is known to provide a
high surface soil cover which can reduce soil erosion by 70 per cent (Walter at a1. , 1999).
Planting cotton in wheat stubble can conserve some beneficial insects in cotton by
providing shelter for these insects. Studies conducted at AUScott in Nanabri during the
1999-2000 cotton season showed that densities of predators such as red and blue beetles
and also soil predators such as earwigs, carabid beetles, ants etc. increased in cotton
planted in wheat stubble (Figure 6). Populations of sucking bugs such as apple dimpling
bugs and green nitrids were reduced on cotton planted in the wheat stubble. However,
densities of transverse ladybird beetle, two spotted ladybird beetle, big-eyed bug,
lacewings and spiders were unaffected by the wheatstubble. The effect of planting cotton in
wheat stubble on soilstructure, cotton seedling diseases, growth and yield of cotton etc is
reported elsewhere in this proceedings.

Planting cotton into wheat stubble
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6.0 Use of Selective insecticides

In most crop production systems such as cotton, a wide range of pests and beneficial
insects occur and synthetic insecticides used against them may affect the efficacy and
activity of these beneficial insects. However, by suitable choice of a selective insecticide



rather than broad spectrum ones, selective use of insecticides such as tinting treatinents,
modifying dosages, techniques of fonnulation and application, beneficial insects can be
conserved and their efficacy improved. The impact of insecticides and Tinticides on
predators in cotton have been studied in Australian cotton systems (see ERM guidelines
Support Document I). The use of selective insecticides such as foliar Bt and NPV against
cotton pests particularly Hencove, pa spp. enable beneficial insects to survive to shift the
beneficial insects to pestratios in favour of natural eneimes. Both Bt and NPV are specific
to Hencove, pa spp. larvae and therefore penntt enough non-target pests to survive and
provide enough food for beneficial insects to feed, survive and reproduce to shift the
beneficial insects to pest ratios in favour of natural eneintes. Preserving aphids or Twits
colonies this way may serve as a food source for beneficial insects.
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In addition to Bt, and NPV, research has been proposed, depending on the avallabihty of
CRDC funding, to develop mycoinsecticides (biopesticides based on fungus), ultra-violet
protected petroleum spray oils and behaviour modifying compounds to support ERM
programs against cotton pests. Transgenic cotton can be classified as selective insecticide
since it is specific against Hencove, pa spp. larvae.

.O

Transgenic (Bt) cotton contains the gene producing CrylAc protein which is toxic to
Hencove, PC larvae. The susceptibility of Hencove, PC larvae to the Bttoxin means that the

transgenic crop offers the possibility of substantially reducing the number of synthetic
insecticide sprays needed to manage Hencoveip@ spp. on these crops. Unfortunately, the
poor efficacy of transgenic cotton crops has not matched their pronxise prior to their release
(Wilson, at a1, 1998), with their efficacy declining through the flowering and hall
maturation period of the cotton crop to the point in some instances where survival of the
larvae is little differentto that in conventional cotton ONilson, at a1, 1998).

Bt Cotton and herief'c'al 'risect strategies

In addition, the efficacy of the transgenic cotton crop during the early cotton season is
variable and interacts with variety. The variability in the efficacy of the transgenic plants
has resulted in the use of alternative controlstrategiesto enhance pest management on these
crops. Where growers have used synthetic insecticides to manage pests on the transgenic
crops, particularly early in the cotton season, has resulted in the disruption of beneficial
insect activity, thereby reducing the potential gains in conservation of beneficial insect
populations.



Transgenic crops are also known to have Thinimal or no effect on beneficial insects.
However, when the transgenic crop is expressing the toxin effectiveIy, it may kill most of
the Hencove, po spp. neonates which serve as food for most predatory insects, thus reduce
the food source and the predatory insect population. The value of transgenic cotton crops in
colluiiercial fields will be increased if it is combined with and supported by other ERM

componentssuch asfood sprays and Iuceme trap refuge crop system (Mensah, 1997). In a
nutshell, the transgenic crops should be managed in the context of true IPM.

Studies conducted at the Australian Cotton Research Institute (ACRl) in Nanabri,

Nonvood near Moree, Yamal in Nanabri, and Bellevue near Wanen during 1996/97 and
1997/98 seasons showed that transgenic cotton fit in very well with beneficial insect

management strategies. In the study an ERM program consisting of beneficial insects, food
sprays, Iuceme strip refugia and biological pesticides reduced synthetic insecticide sprays
and enhanced the efficacy and durability of the transgenic crops. In some instances, the
ERMprogram increased the yield of transgenic cotton crops over the same crops managed
under conventional insecticide regime (Tables 5 and 6).

Table 5. Yields of Ingard cotton crops interplanted with Iuceme and nonnal cotton crops
as strips in Norwood, near Moree, 1996-97.

98

Treaiments

Ingard cotton internlanted with
Iuceme crop as strips

Ingard cotton interplanted with
noonalcotton crop as strips

ingard cotton with no interplants

No. of synthetic
insecticide sprays

Means between treattnents within rows followed by the same letter are not significantly
different(P>0.05), Tukey-Kramer Multiple Comparison Test.

4

Yield (bales/acre)

4

4

3.10 a

2.94 a

2.90 b



Table 6. SUITmiary of Yields (bales/acre) and sprays used in trials conducted at Bellevue near
Wanen, YamalnearNanabri, Nonvoodnear Moreeand ACRlin Nanabri, 1997-98. (Average
for 4 sites).

Treaiments

I. SiCala V2 + Luceme ships
+ Envirofeast@ + Envirofeast/

Gemstar virus+ insecticides

99

2. SiCala V2 (Ingard)+Luceme
+ Envirofeast@+Envirofeast/

virus + synthetic insecticides

3. SiCala V2+Luceme strips
+ GemstarVirus+insecticides

(NO Envirofeast)(Control)

4. SiCala V2 (Ingard)+Luceme
strips + Virus + insecticides
(NO Envirofeast)(Control)

No. of

Envirofeast

sprays

Noof

Envirofeast

+virus sprays

No. of

selective

insecticides

5. SiCala V2+insecticides

(Conventional cotton)

Synthetic Yields
insecticide (b/acre)

sprays

6. SiCala V2 (Ingard) +
insecticides

(Conventional Ingard)

Conclusions

The use of beneficial insect food attractorits in pest management is not new. Food sprays
especially Envirofeast@ has been used in cotton pest management systems in Australia for
the past 6-8 years' The product has been used to intergrate with other tools in inM
programs to manage cotton pests effectiveIy. The pertonnance of beneficial insects food
attractants is enhanced by the presence of a refugia system such as Iuceme strips where

4.10

o

o

3.75

o

2.97

o

3

3.30

2

4 3.60

5 3.70



insects can be attracted. fullPM program based on food sprays, Iuceme strips, predator to
pest ratio and integrated with biological and synthetic pesticides has been used to manage
cotton pests, and reduce synthetic insecticide sprays by 40-60 per cent without any
significant yield loss.

From the trials, experiments and our colluiiercial experiences with beneficial insect
management, we can conclude that beneficial insects have an on-going econonxic role in
modem cotton production in Australia. As Australian cotton growers use IPM strategies
more, and synthetic insecticides, particularly broad spectrum ones, less, the role of
beneficial insects in Australian cotton production system will be enhanced and their
econonitc value fully realised. For ERM program to achieve its maximum potential in the
cotton industry, there is the need for more growers to adoptthe progi. am. Also, there is the
need for a search for new non-cheintcal control tools to support the program. The
successful development of new non-chenxical controltools will require continuous grower
support and research funding. Lack of grower support and funding in this wise will result
to lack of new tools to support IPM. If this problem does occur, then, the future

sustainability of the Australian cotton industry will surely be in doubt because the problem
of insecticide resistance and environmental concerns by the COLIuiiunity will never go away.
The future sustainability of the cotton industry, require a reduction in the use of synthetic
pesticides and beneficial insects and their management strategies are options to assist in this
process.

Too
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