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Bananas are the largest fruit crop grown in Queenstand, With a gross
value of production of $182 million. Queensland is Australia’s largest
supplier of bananas and plays a vital role in both State and regional
econoniies.

The key to success for any industry or business is in providing
consumerts with what they want. People are demanding high-quality fruit
free of blemish; they also want fruit produced using the minimum amount
of chemicals, Growers who give consumers what they want will find that
their bananas are sold taster and aitract higher prices.

The Queensland industry is putting a high priority on the development
of quality management systems to improve farm efficiency and
profitability. and to deliver consistent. high-quality bananas to consumers.

Management of insect pests is a key operation in banana production.
The Queensland banana indusiry is committed 10 integrated pest
management (IPM) and other means of reducing chemical use. The
banana industry, the Horticultural Research and Dlevelopment Corporation
{HRDC) and the Department of Primary Industries, Queensland have
collaborated over the past four years in a research program specifically
focused on developing an IPM system for bananas.

The industry is now ready (o spread the word aboul the success of the
research project. It is hoped that this book, Bananas: insect and mire
managenient, will encourage the adoption of IPM strategies and
techniques throughout the State. With financial assistance from the
Banana Sectional Group Committee and HRDC. it is being distributed to
all Queensland banana growers.

Many people have contributed to the prepuration of this book, but I
would particularly thank Bruno Pinese and Richard Piper for their efforts.

Banana growers have much to gain from putting [PM into practice on
their farms. | recommend this book as a guide and hope that all growers
will join in moving the Queensland banana industry into an exciting new

Len Collins

Cbairman

Banana Sectional Group Commitiee
Queensland Fruit and Vegetable Growers
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PREFACE

This manual summarises the current knowledge of insect and mite
pests of bananas and how they are managed in Queensland. Its
intention is to provide practical advice to growers, horticultural
advisers, future pest scouts and other interested persons in the
implementation of integrated pest management {IPM) in bananas.
IPM methods aim to provide sustainable pest management by
exploiting biological and cultural methods of pest control and
reducing dependence on insecticides.

The manual explains the biclogy, economic importance, biological
control potential, and both cultural and chemical control options for
all pests likely to be encountered in bananas; these are grouped as
major and minor pests. Detailed monitoring procedures are outlined
for the major pests. Whenever possible, photographs and line
drawings have been included to assist in positive identification, the
first step towards successful pest management.

Although this book deals only with insect and mite pests, a similar
manual will be produced at a later date to provide information about
diseases, nematodes and weeds.















& Monitoring procedures

TABLE 3.1: Suggested monitoring frequency for the main pests

PEST MONITORING INTERVAL (WEEKS)
Spring/Summer Autumn/Winter

Banana scab moth 1 2
Banana weevil borer 4 6-8
Banana rust thrips 2
Banana flower thrips 2
Sugarcane bud moth 2
Mites 1-2 2-3

can be made less often. Three-monthly intervals
should be adequate to ensure that quality
standards are maintained and to detect any new
sources of damage.

At the required interval, select one trailer-load of

fruit at random and assess the fruit for

blemishes. The following procedure needs to be
fotlowed. A suitable form to record the

information is shown in table 3.2,

1. Record the total number of bunches.

2. Record the total number of cartons within
each fruit grade packed to determine
individual and total packout.

3. Separate fruit discarded during cutting and
packing. Sort into categories according to
damage — for example. insect and non-insect
damage.

4. Individually weigh all damaged fruit and
record the weights.

Personal computers are a valuable aid in
integrated pest management programs. They
provide an effective method for data storage and
manipulation and can be used to generate
pictorial representation of the data. This
simplifies the interpretation of results and aids
decision- making.

The following information can be stored and
retrieved using a personal computer:

* insect counts

* spray information

+ weather records

* harvest data

* crop growth measurements,

Soltware packages — for example. EXCEL,
LOTUS 1-2-3 — are available that allow data to
be recorded on files known as spreadsheets. To
transfer data easily. the format of the sheet used
for field recording should be the same as that of
the spreadsheet set up on the computer (see
Appendix 4}.

Spreadsheet/graphics packages are useful for
plotting charts of insect numbers (as determined
by monitoring) over time. They provide
information on whether the population is
increasing. remaining stable. or decreasing. In
the case of a pest species, this information
enables rapid assessment of the ueed to
undertake control measures and also the
evaluation of any that may have already been
implemented.

An example of a graph produced from a
spreadsheet containing information on mites and
Stethorus counts at various times is presented in
figure 3.2 (p. 8). (See p. 62 for field data sheets.)

The presentation of spreadsheet information
can be easily changed. so that different types of
graphs and colours can be used to highlight
different information. An example of a pie chart
using different colours to show the damage to
harvested fruit from various sources is presented
in figure 3.1 (page 8).




TABLE 3.2: A suggested format for recording information from

harvest assessments

Monitoring procedures
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HARVEST ASSESSMENT
Farm: __ Paddock:
Total Bunches Assessed: Date:
Cause of damage Weight of damaged
fruit (kg)
Non-insect damage

Mechanical — Pre-harvest
Mechanical — Post-harvest
Mechanical -— Injection marks
Sunburn
Maturity bronzing
Doubles
Smalls
Chemical burn
Rat
Other

SUB-TOTAL (a)

Insect damape

Scab moth
Sugarcane bud moth
Mites (red spider)
Banana fruit caterpillar
Flower thrips
Rust thrips
Other

SUB-TOTAL (b)
‘W aste unsorted

TOTAL WEIGHT ALL WASTE (c)

Fruit weight/carton= ___
Total carions packed = __ _ XL, L)
Total weight packed fruit=__ (d)
Total weight of harvested fruit= ___ (c+d)
% Waste fruit (of total harvest) = Ef—_d x 100 = _
% Insect damaged fruit (of total harvest) = E:_'E_c[ x 100 = _

% Insect damaged fruit (of total waste fruit) = % x 100 =
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is placed vupside down on the ground and the
entire leaf undersurface immediately inspected
for the presence of the main mite predator
Stethorus and other minor predators. {See
section on biological control of mites,
pp- 21-23.)

A section of leaf approximately the length of
a leng-handled cane knife (38 cm) on one side
of the midrib only, is then examined for mites.
Ideally, this section should be taken from the
centre of the leaf; however, where the leaf blade
has been split excessively by wind, it may be
necessary to choose an area closer to the petiole
where it is less divided.

The number of discrete mite colonies causing
bronzing (damaged area) is recorded using a 0—4
rating scale where:

0 = no areas damaged

1 = 1-10 areas damaged

2 = 11-50 areas damaged
3 = 51-100 areas damaged
4 =100 areas damaged.

TABLE 4.5: Recommended miticide use

Five colonies are selected at random and
examined closely using a %10 hand lens. The
number of eggs and other stages (nymphs,
resting stages and adults are included under
other stages) for cach of the five areas are
counted and recorded. At this time, predatory
mites, Stetherus eggs and other mite predators
which may be present on the five selected sites
are also recorded on the data collection sheet
(see Appendix 4).

Note: Mite monitoring is best carried out
between 9 a.m. and 2 p.m. when any dew has
evaporated and there is more available sunlight
to assist examination of the leaves. Mite
monitoring is not feasible during rain or if
leaves are wet from overhead irrigation.

Management guidelines

Chemical

Good mite control can be achieved by well-
timed miticide treatments using correctly
calibrated airblast sprayers or misting machines.
Sufficient volume (up to 500 L/ha) has to be

Pesticide Trade Commercial |Withholding Rate Rate of
{common name formulation | period active
name) (days) per 100 mL (per ha ingredient
dicofol Kelthane 240EC 7 250 mL 25-30L |0.06%
179EC 250 mL 25-30L
480MF 100 mL 1L
fenbutatin  |Torque S50EC 1 370 mL NA
oxide
clofentezine [Apollo 3005C 0 250 mL NA
propargite | Omite I00WP&E&W(G|7 100 g 125 kg 0.03%
bifenthrin® | Talstar 100EC 8 40 mL NA 0.004%
Notes

1. Do not apply clofentezine more than once per season. More frequent use is likely to lead to the rapid

development of resistance in the mite population.

2. Avoid high volume coverage (to runoff) of bunches, as this may cause fruit burn. Use of bunch covers will

avoid this damage.

3. When treating established (medium to high) populations, use a knockdown miticide (dicofol, propargite,
fenbutatin oxide) in conjunction with the ovicide clofentezine.

4. Monitor eggs and motile mites about 10 days after the initial treatment to determine if a follow-up treatment
is needed (approximately 14 days after the initial spray).

5. Talstar is harmful to the mite predator, Stethzorus, and should not be used if prior monitoring had shown it to
be active. If in doubt, use other specific miticides listed.




applied to obtain good coverage of leaf
undersurfaces where the mites occur.

Treatments during the hot part of the day,
when leaves are wilted, should be avoided
because of difficulty in obtaining coverage
under the leaves. If possible, double spraying
(in opposite directions) using 250 L/ha at each
run is recommended to increase spray coverage.
In most situations a second application 14 days
later should also be applied, especially if
monitoring indicates a carryover of mites. This
second treatment may not be required if a
thorough first application of the ovicidal
miticide clofentezine was applied, or if high
populations of Stethorus are found during
monitoring after the first treatment.

Cultural

Reduce dust on roadways as much as possible
because dusty conditions favour the build-up of
mites. Broad-leafed weeds act as reservoirs for
mites, which can then reinfest banana leaves
following treatment. Ensure a good level of
weed control is maintained to reduce this.

Good water management, especially during
dry conditions, will reduce water siress to
plants, allowing them to better withstand mite
damage.

Regular desuckering, leaf trimming and
maintenance of correct plant densities will assist
in achieving good spray coverage and thus
increase the level of control obtained with
miticides.

Biological

The small, shiny, black mite-eating ladybird
beetle or Stethorus is the most important
predator of mites in bananas. (See following
section.) Other predators include other ladybird
beetles, native predatory mites, predatory thrips
and rove beetles.

Cover sprays with broad-spectrum
insecticides are the major cause of mite flare-up
because they destroy the beneficial predators.
Use of such chemicals is not recommended.
Where non-disruptive (pest-selective) pesticide
treatments are used, natural predators usually
provide sufficient control and miticides should
not be required.
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The most important biclogical control agent of
mites in bananas is the ladybird beetle —
Stethorus, or mite-eating ladybird. Three
species of Stethorus occur in bananas, but the
main species is Stethorus fenestralis. All three
species appear identical to the naked eye.

Stethorus numbers build up following mite
population increases and eventually bring the
mites under control. Both the adult and larval
stages of Stethorus feed almost exclusively on
mites.

Most insecticides, if applied to the leaves,
destroy Stethorus and upset the delicate balance
between this predator and its prey,which can
result in serious mite outbreaks. Fortunately, the
most effective method of control of insect pests
in bananas is to apply chemical treatments to
the bunch (bunch injection, bunch spraying or
dusting) thus avoiding the leaves where the
mites and Stethorus live.

Broadcast spraying of insecticides by aerial
or ground-based equipment should be replaced
by bunch injection, bunch spraying or dusting to
preserve Stethorus and other mite predators.
Since adopting the bunch injection technique a
number of years ago, many banana growers in
north Queensland have relied entirely on
Stethorus and other natural controls to suppress
mites.

Stethorus occurs naturally in all banana-
growing areas. Although they are not available
commercially, Stethorus are active fliers and
have the ability to rapidly locate mite
infestations and quickly disperse in search of
new ones when food becomes scarce.

Life cycle

There are three distinct stages in the life cycle
of Stethorus and it is important to recognise
each of these stages. The elongated, translucent
to pale brown eggs are laid singly under the
leaves, either on or close to mite colonies. The
eggs are about 0.2 mm long and can easily be












TABLE 4.7: Rating scheme for evaluation of
banana weevil borer damage to banana corms
(harvested plants)

Percentage of
corm
circumference
with tunnels
(at soil level)

Rating Tunnels visible
at soil level.
(cross-section of
lower corm)

0 nil nil

1 1-4 [-25
2 5-8 26-50
3 9-15 51-75
4 >135 76-100

pupate. When fully grown, the soft-bodied
legless larva is about 12 mm long and is creamy
white with a hard brown head. The larval period
varies greatly according to temperature, and may
be as short as three weeks in hot conditions but
may extend to several months during the colder
winter months. The pupal stage lasts for about
eight days.

Newly emerged adults are reddish brown but
quickly assume their characteristic shiny black
appearance, The adults are sluggish and feign
death if disturbed. Although they have
functional wings, they seldom fly. Extension of
wings has been noted when the insect is under
severe stress — for example, exposure to
insecticide-treated soil. Releases of adults under
controlled conditions have shown the rate of
natural spread to be very slow. Dispersal is
primarily by the introduction of infested suckers
and bits at planting,

Monitoring

Adult weevil borer numbers can be monitored
by baiting (trapping). Baits are made by cutting
a fresh pseudostem into slices about 10 cm
thick. The psendostem material selected for
making baits should ideally be taken from the
lower portion of the stem of freshly harvested
plants. One bait is placed close to the base of
each plant, with one cut surface in full contact
with the ground, and covered with leaves to
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prevent the bait drying out. Twenty or more
baits should be used in known hot spots to
obtain a good indication of weevil borer
numbers. The ground directly beneath the bait
should be cleared of any weeds or plant remains
which can shelter adult weevil borers and hinder
rapid checking of the baits. After three to four
days, the baits are turned over and the adult
weevils counted.

Adult weevil borer numbers are recorded
from each bait and, knowing the total number of
baits set and weevils counted, the average
number of adults per bait can be calculated by
dividing the total number of weevils by the
number of baits set. A suitable field recording
sheet is provided in Appendix 4. The ficld sheet
allows for the recording of trap counts and a
range of potential predators.

Adult weevil monitoring should be carried
out on a monthly basis, except during the colder
months when the time frame can be extended to
six weeks.

Adult weevil activity increases during warm
and/or wet weather and decreases during cold
and/or dry conditions. Consequently, weevil
borer numbers at baits placed during adverse
conditions may not accurately reflect actual
adult population levels. Periods of greatest adult
activity are in spring (September-October) and
late summer (March-April). Trapping should
concentrate on these times to ensure the correct
timing of chemical treatments if needed.

Regular monitoring of adults will give
information on weevil borer population trends
which can be useful in targeting the correct
times for treatment. Chemical control measures
will achieve the best result if applied during
periods of high adult activity, because more
weevil borers will come into contact with the
lethal dose of insecticide.

Management guidelines

Chemical

If average weevil borer counts from trapping are
more than two per trap (South-east Queensland)
or more than four per trap (North Queensland)
chemical treatments should be applied according
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Figure 4.35: Life cycle of banana flower thrips (arrow indicates part(s) of plant affected)

Flower thrips counts

Each fortnight. ten GS6 bunches should be
inspected for the presence of flower thrips. For
convenience. these bunches could be the same
as those used for scab moth monitoring with
both pests being monitored together.

The technique used to determine the actual
numbers of thrips present involves removing the
uppermost (i.e.. the oldest) hand of male florets
covered by a bract. If the bract is still rightly
attached to the bell and there are no gaps for the
thrips to move into the wnderlying florets. the
next available hand of male florets should be
carefully removed and used for the assessment.

Once removed, the hand should be examined
quickly in order to count thrips hefore they fly
away ar hide inside florets. Only those thrips on
the surface of the male florets are counted as the
florets are parted. (The petals of individual
florets are not opened). Male and female thrips
are counted separately.

The rating scheme shown in table 4.8 is used
for recording the number of thrips present:

TABLE 4.8: Rating scheme for flower thrips
numbers on male florets

Rating No. of flower thrips
0 0
I 1-10
2 11-25
3 26-50
4 >50

Flower thrips damage
The number of oviposition marks on one face of
a central finger from the lower row of the last
true female hand of each bunch is recorded. The
face used for the count is the flat lace
immediately adjacent to another finger on either
side in the same row, The same rating scheme as
for thrips numbers is used (table 4.8).

Corky scab is assessed on five of the ten
bunches by examining five central fingers on the
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lower row of the second true hand from the
bottom. The rating scheme is the same as that
used for assessing rust thrips damage (table 4.2
page 15).

To determine corky scab development on
more mature fruit, five randomly selected
bunches at GS7 (half-filled) are also rated using
the same method and rating scheme used for
GS6 bunches. If bunch treatments such as
bagging, spraying and dusting have been
applied, these should also be noted on the
monitoring sheet (Appendix 4).

Management guidelines

Chemical

Specific treatments such as cover sprays (ground
or aerial) have not always been successful and
should be avoided as they disrupt the IPM
program. ‘Throat’ applications of omethoate
(Folimat) using 500 mL per plant of a 125 mL
Folimat in 100 L mix at bunch emergence have
only proved partly effective.

Bunch injections to control scab moth
(page 11) have also provided almost total
control of flower thrips. This technique is
recommended for specific control of flower
thrips in areas where scab moth is not a problem
— for example, in South-east Queensland and
northern New South Wales.

Cultural

Early removal of the ‘bell’ to discourage thrips
from developing within the male florets has not
been evaluated but should be tried as a means of
reducing thrips. Some evidence snggests that by
maintaining moist plant conditions with
overhead irrigation, corky scab development can
be greatly reduced.

Biological

A range of predatory bugs, ladybird beetles and
lacewings have been detected and these assist in
reducing the build-up of flower thrips.





































42 Minor pests

which have buiit-up on more suitable hosts} but
in commercial plantations. attack is vsuaily
restricted to isolated bunches in rows near
standing scrub.

Descripfion and life cycle

The oval green eggs are laid singly on host
ptants and have never been seen on bananas.
The egg is followed by five nymphal instars.
The young bugs are ant-like with prominent
antennae. As the bugs grow, the two black scent
glands on the abdomen become very prominent
and are a distinguishing feature. The adults are
yellowish-green and about 15 mm long. They
are timid, and hide or drop out of sight or fly
away when approached. Because they are
difficult to detect, damage to the fruit is usually
the first evidence of their activity.

Monitoring

No specific monitoring is required but if unusual
levels of damage are detected, these can be
recorded during routine monitoring for other
pests,

Management guidelines

Chemical

If inspection of young bunches shows more than
5% under attack, spot-spray all new bunches
with endosulfan.*

Cultural
No practical cultural methods are available.

Biological
Native egg parasites have been recorded but
their impact is not known.

* Use 150 mL of 350 ¢/L. endosulfan in 100 L of
walker.

A number ot species of case-making caterpillars
feed on banana leaves. These are commonly
known as casemoths, or bagworms. The size,
shape and nature of the material used for case-
construction varies. depending on the species
involved.

Casemoths damage leaves by chewing
irregular holes in the leaf blade. Very
occasionally they may feed on bunches. At
times they may cause some concern to growers
but no special control measures are needed.
Natural predators and parasites will build-up
when there are high casemoth populations and
will eventually bring the pest under control.

Close examination of the outer surface of a
case will often reveal the white eggs of parasitic
flies.

Figure 5.25: Casemoth larva on banana leaf petiole:
note the head protruding from the protective case.

A number of grasshoppers feed on the leaves
and fruit of bananas but they rarely cause
serious problems. No specific control methods
are suggested for leaf-feeding grasshoppers
because damage 1o the foliage can be
compensated for by the plant. Bunch treatments
with insecticides applied for other pests (such as
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TABLE 7.2: Recommended products for injection

47

Active Product Formulation | Withholding Rate Comments
ingredient period (days)
chlorpyrifos | LORSBAN 250 WP 14 4 g/1L Effective against
both scab moth and
LORSBAN 500 EC 14 2ml/IL flower thrips and
may reduce rust
omethoate FOLIMAT 800 EC 4 1.25 ml/IL | thrips numbers.
bifenthrin TALSTAR 80 8C 8 1.25 ml/IL

Dust application is recommended for the control
of scab moth (late infestation), rust thrips and
sugarcane bud moth. The main commercial
dusters used are the Carpi and Volpi diaphragm
dusters and the Swissmax applicator. One
application of dust at the recommended rate
should be applied to each bunch at the time of
bagging. Bunches should be bagged, and then
dusted. Dusting emerging bunches against scab
moth has been replaced by injection.

On their minimum setting, the units apply
40-60 g of dust with each stroke. This has to be

Spider

0 Adjustable plate
< 0 <>
30> 5 min slot

Plastic insert

Figure 7.2: Modilications required o reduce the
output of dust to prevent excessive dust deposits

reduced to the desired quantity (5-10 g) by
using a baffle inside the unit between the
adjustable plate and the base plate (figure 7.2).
The plastic insert can be made by cutting a
30 5 mm slot in an ice-cream lid or other flat
round plastic material.
Excess dust on the bunch may result in:
» difficulties in removing dust at packing time.
+ Unsightly dust residues on fruit at the market.
* Levels of chemical remaining on the fruit in
excess of the maxinum residue limit.

Cover sprays can be applied using air-blast
sprayers or misting machines and are mainly
used for the control of leaf diseases and miles.

Air-blast sprayers and misters (also referred
to as air assisted sprayers) are suitable for use on
bananas. The size of the spraying unit is an
important consideration in choosing a suitable
sprayer and the selection is based on:
= area to be sprayed
» type of terrain
* size of tractor.

The smalier three-point linkage sprayers are
more suitable for smaller areas. especially where
the terrain would make a larger trailed unit
unsatisfactory or if tractor size is limited
{<60 hp).

The disadvantage of the smaller unit is that it
requires a slower speed of operation to provide
the required air movement for good spray cover.
The larger trailed units can be a disadvaniage in
wet boggy situations due to the weight (unit and
2000 L + of spray) and can be difficult to tum in
tighi headland situations. Because of the bigger
fan and tank size of the larger units, the spray
operations can be speeded up significantly.
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TABLE 7.4: Recommended spraying pressures for Albuz ceramic nozzles

Nozzle size Pressure VMD* 70-250
{mm) {microns) {micron
Bar Kpa psi class)
1.0 BROWN 10 1000 140 116 T1%
1.2 YELLOW 10 1000 140 139 75%
1.5 ORANGE 10 1000 140 145 75%
2.0RED 20 2000 280 150 72%
2.3 GREEN 20 2000 280 140 70%
3.0 BLUE 25 2500 3350 144 68%
TABLE 7.5: Recommended spraying pressures for Sifvan standard
ceramic nozzles
Nozzle size Pressure VMD* 70-250
{mm) {microns) {micron
Bar Kpa psi class)
1.0 20 2000 280 141 70%
i.2 20 200K) 280 149 70%
1.5 25 2500 350 144 65%
1.8 30 3000 420 142 65%
2.0 30 3000 420 149 65%
2.2 30 3000 420 1355 64%

* Volume Median Diameter (YMD) is the droplet diameter in a spray which divides the spray volume so that
50% is derived from droplets larger than the VMD and 509% is derived from droplets smaller than the VMD.

Tables 7.4 and 7.5 reproduced with permission of G. Cunningham. Plant Protection. Gatton College. Lawes.

optimum droplet size should be in the range of

70-250 microns. Droplets with less than a 70

micron diameler will be susceptible o excessive

drift and evaporation loss; those Jarger than 250

microns, will tend to bounce off leaves and will

be lost on the ground or cause excessive run-oft.

As a guide, use tables 7.4 and 7.5 to match
pressures and nozzle size. Note the following
points:

I. To maintain a high propoertion of droplets in
the desired size range. pressure needs to be
increased as the nozzle size is increased.

2. For equivalent nozzle orifice size. the Silvan
nozzles require higher operating pressures

than the Albuz nozzles to produce the correct
droplet size spectrunt.

Cover sprays for pest control in bananas are
mainly miticide sprays. used against mites.
Since miticides are not systemic, but rely on
contact and residual activity only, good even
cover an the underside of leaves where the mites
live is essential.

Volumes of at least 400 L per hectare are
required using a spraying speed of 4-6 km/h. As
a guide, a comfortable walking pace has been
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shown to be a suitable spraying speed using
either air-blast or misting sprayers on bananas.
Nozzle spacing should be arranged to provide
spray cover to the young suckers and leaves,
including the new upper leaves.

Careful calibration of the sprayer to
determine optimal performance ({at
540 PTO rpm) is essential prior to spraying.
Changes to nozzle size, spraying pressure and
operating speed should be done before starting.

Figure 7.5: A simple spray unit for band application

Bunch sprays are mostly used for spot treatment
to protect against fruit pests, such as banana-
spotting bug, banana fruit caterpillar, fruit fly

and other minor pests. Bunch sprays can also be
used to protect fruit from sugarcane bud moth
and rust thrips.

Volumes of 50-100 mL per bunch are
adequate. Spraying is usually carried out with a
hand-held wand and a hollow cone nozzle. Aim
to obtain even cover on fruit without run-off.
Excessive run-off can cause damaging fruit
‘burn’ under fingers where droplets coalesce.

| and lower parts of the
is the main method of
reevil borer and rust

th high-volume low-
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a around plants. This
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Boom sprays treat approximately a 30-50 cm
band on either side of the row centreline. The
operation can be carried out swiftly by aiming
2-4 high-volume nozzles al the area to be
treated. Approximately 50% more spray than by
hand application is required since areas between
plants (not treated by hand) are also sprayed.



Care should be taken to ensure that the effects of
pesticides on operators, and animals such as
birds, bees, fish and natural enemies of pests, are
as small as possible. This can be realistically
achieved by adhering to correct handling,
spraying and disposal techniques.

First and foremost, read the label carefully
and follow the instructions given. The labels
contain important information.

Note that pesticides can enter the human
body in one or more of these three ways:

« oral {through the mouth})
= dermal (through the skin)
+ by inhalation {mainly through the Iungs).

Dermal absorption is the most common route
for poisoning to occur.

In the case of a pesticide emergency, phone
the Poisons Informaltion Centre on 008 177 333
(24 hours) or 07 253 8233 and ask for the Shift
Supervisor.

Uiu e raes sut uuy epswane soQUITENENES.
Store pesticides in building that are secure,
isolated, well ventilated, insulated, moisture-
free. are resistant to fire, and have impervious
floors which are bunded to contain spills. The
Australian Standard AS 2507-1984 *The
Storage and Handling of Pesticides’ refers to
design criteria.

Do not store for prolonged periods in direct
sunlight. Overheated containers of volatile
solvents may explode.

Never store pesticides in containers that are.
or that look like, containers vsed for food,
drink or non-toxic substances.

Never store pesticides in an area prone to
flooding.

Keep pesticides out of reach of children.
Never carry pesticides in the passenger area
of a car.

If you find leaking or broken containers,
dispose of properly.

DRAT.” | CANT BUPGE
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Be safe — not sorry!

Read the label; heed the label.

Wear protective clothing as detailed on the
label. If clothing becomes contaminated with
spray-strength solution, remove immediately,
rinse and launder in hot soapy water, separate
from other washing., If clothing is
contaminated with pesticide concentrate,
dispose of the clothing.

Be especially careful when measuring and
handling concentrates. Ensure these do not
overheat.

Wear waterproof boots, overalls, washable
hats, gloves, goggles and a respirator at all
times when handling and spraying toxic
concentrates, and applying chemicals.
Remember to change respirator cartridges at
recommended intervals. (Record the number
of hours they have been in use.) Select the
correct cartridge for the pesticide being used.
This is especially important for fumigants.
Change tractor cab filters regularly. Air-
conditioned tractor cabs are not designed to

P
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filter pesticides. There is no Australian
standard to cover pesticide filtration by air-
conditioners. Servicing and maintenance are
highly skilled operations and unless carried
out properly, the risk to operator health is
magnified. Inside such cabs we recommend
the use of respirators and other protective
clothing.

Avoid contamination of skin, eyes and
mouth. If the skin, eyes or mouth are
contaminated by splashing or dust, wash
immediately.

Keep clean water, soap and an
uncontaminated towel near the mixing and
filling area.

Never clean nozzles with your mouth.
Measure and mix in a well-ventilated area.
Clean up spills and damaged containers
immediately.

Use a sharp knife to open bags containing
pesticide. Do not tear.

Never pour pesticides into a spray tank while
holding the container at eye level or above.
Do not use matches or any other naked flame
near pesticides, as the pesticide solvents
could explode.

.You DON'T NEED To\l
[ WORRY ABOUT ALLTHAT




= Never cat, drink or smoke when handling or
spraying pesticides. This precaution prevents
oral poisoning and also, in the case of
smoking, explosions. Do not smoke
anywhere near pesticides.

¢ Move upwind while spraying, and keep out
of the sprayed area for several hours, or the
length of time specified on the label as the re-
entry period.

* Immediately after spraying, wash all exposed
skin with soap and water, and clean all
equipment.

* Check the pesticide label for the
recommended antidote, and have this readily
available.

* Learn to recognise the symptoms of pesticide
poisoning. Danger signs to look for are:
headache, blurred vision, chest pains and
nausea. The following are more serious
symptoms: sweating, pinpoint pupils of the
eyes, drooling and vomiting.

_* If you are showing any symptoms of
pesticide poisoning, see a doctor. Take the
pesticide label with you. Have someone else
take you or accompany you to the doctor; do
not go to the doctor alone.

= Regular blood tests are advisable if’ you are
spraying toxic pesticides at frequent intervals
over an extended period.

The DPI has produced a farm note covering

disposal (Disposal of unwanted chemicals and

empty confainers, D.I. Hay, F71/0Oct 89}. Copies
can be obtained from your local DPI office or

from Agricultural Standards, telephone (07) 877

9526.

* Unwanted pesticides may be of use to
somebody else. If not, dilute and dispose of it
in a soakage pit, to which quicklime has been
previously added, and cover with soil
afterwards.

* When mixing spray. rinse pesticide
containers into the spray tank three times.
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This can prevent significant wastage of
pesticides.

= Do not use empty pesticide containers for any
purpose.

* Crush and bury empty pesticide containers,
preferably in a land-fill dump.

¢ Check labels before burning containers.
Some herbicide containers should not be
burnt.

* Do not dispose of containers in water, or
areas likely to be flooded.

special care 15 needed 1n tne handling and
storage of fumigants. Most are extremely
poisonous and vapourise at room temperature,
s0 are easily inhaled.

When transferring the fumigant to injection
equipment, always do the following:
* use a respirator with the correct cartridge
* work in open air.

If any fumigant spills on clothing, shoes,

belts, gloves or hats, Tollow these steps:

* immediately remove contaminated material

» thoroughly wash your skin with soap and
water

* do not use the clothing again until it has been
washed, dried and ventilated

* discard contaminated leather belts, shoes,
gloves or hats.

Follow the procedures outlined 1n the tarm note

Disposal of unwanted chemicals and empty

containers, {D.1.Hay, Agricultural Standards,

F71/0ct 89). Contact your local DPI office or

Agricultural Standards (tel. (07) 877 9526) for

advice and copies of the farm note.

» Pesticide spills must be quickly confined with
sand, sawdust or soil dykes. Slowly sweep
towards the centre of the spill.

= After using absorbent material (for example
sawdust) to soak up a spill, place it in a
container and bury it.

* Never hose down a spill, as the pesticide will
be spread over a larger area and is more
likely to reach a stream.
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» After disposing of a pesticide spill, clean the
equipment you have used. Launder your
clothes in hot, soapy water, separate from
other washing.

In general, respiratory equipment can be divided

into three categories:

* air-purifying equipment such as mechanical
filters, chemical cartridges and gas masks

« supplied-air equipment

« self-contained breathing apparatus.

Mechanical filters

These wsually consist of a soft facepiece with
the filter made of some fibrous material. They
physically trap particles iu air during inhalation.
They do not protect the user against gases or
vapours.

Chemical filters (cartridges)

Chemical cartridges give protection against light

concentrations of various gases and vapours by

purifying inhaled air. Activated carbon is a

common ingredient in these cartridges. Take

note of the following limitations:

* Do not use chemical cartridges for protection
against gases that are extremely toxic in low
concentrations.

* Do not vse chemical cartridges for gases that
cannot be detected by smell.

Dispose of chemical cartridges after eight
hours use, or when the odour of the chemical
penetrates the filter, This may be less than eight
hours.

Store respirators using chemical cartridges
in a cool, dry place in a sealed plastic bag. Do
not store them near pesticides. All parts, with
the exception of a canister and cartridges,
should be washed after each use.

Respirators must meet Austraiian Standards
AS 1715 and AS 1716,

Respirators

Respirators come in many different shapes or
forms, ranging from simple face-pieces. to those
partially covering the face, to full-face helmets

! PHEW/ ARENT You HoT \
" WEARING ALL THAT 5ILLY !
\ . PROTECTIVE CLOBBERP f

with a battery-powered, purified air supply (such
as the Silvan Kasce helmet). Note that the
comfort of different respirators varies
considerably — select equipment on the basis of
its ability to protect the user, and on the basis of
wearer comfort,

Tractor cab filters

There are tractor cab air filtration systems
available in Queensland, but currently there is
no Australian design standard for these systems.

Gas masks with cartridges
These are designed to protect against gas at
concentrations not exceeding 2%, or as indicated



on the canister cartridge label. Note that specific
canisters must be used for specific gases. i.e.
methyl bromide filters must be used only against
methy!l bromide gas. It is also vital that the user
1s receiving enough oxygen.

Supplied-air equipment should be used in
situations where air contaminants are not highly
toxic, and in a situation from which the wearer
can escape should the air supply fail. The air-
line respirator is usually attached to a
compressed system via a hose. Supplied-air
equipment is not commonly used.

Selt-contained breathing apparatus provides
complete respiratory protection in any
concentration of toxic gases. The wearer is
independent of the surrounding atmosphere. The
apparatus usually consists of oxygen tanks or
similar.

Allen Protective Products
Telephone (07} 274 1400

Safe handling of pesticides

Allsafe Safety Industries
Telephone (07) 274 1010
Commonwealth Industrial Gases
Telephone (07) 275 0111
Delways Industrial Clothing
Telephone (07) 391 4361

EGJ Enterprises

Telephone ((7) 356 5310
Gardwell

Telephone (07) 267 6111

Hardi Sprayers (Sundstrom Respirators)
Telephone (07) 375 3544
Norton

Telephone (07) 343 8866
Protector Sureguard

Telephone (07) 344 1822
Queensland Safety

Telephone (07) 399 3555

Silvan Pumps and Sprayers
Telephone (07) 343 6122
Workware and Safety Warehouse
Telephone (07) 352 6606

Yakka Industrial Wear
Telephone (07) 844 8131
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Summary of formulations, mammalian toxicity and application rates for insecticides and miticides
registered or approved for use in bananas in Queensland

Active Trade name |Formulation | Withholding | LDs* Application rates
constituent period
(days)
INSECTICIDES
chlorpyrifos Chlorfos EC 14 135-163 1-2 L/ha or
0.2 L/100L
Lorsban 250 W WP 14 135-163 2-4 kg/ha or
0.4 kg/100L
Lorsban 500 EC EC 14 135-163 1-2 L/ha or
0.2 L/100 L
Lorsban 500 W WP 14 135-163 1-2 kg/ha or
0.2 kg/100L
Pyrinex 500 EC EC 14 135-163 1-2 L/ha or
0.2L/100L
omethoate Folimat 800 EC 4 50 0.85 L/ha or
0.1251L/100L
endosulfan Endosan EC 14 80-110 0.15L/100L
Endosulfan 350 EC EC 14 80110 0.15 L/100 L
Thiodan EC 14 80-110 0.I51L./100L
dimethoate Dimethoate EC 7 320-380 75 ml/100L
Perfekthion EC 400 EC 7 320-380 75 ml/I00L
Roxion 400 EC 7 320-380 75 ml/100 L
Saboteur EC 7 320-380 75 ml/100 L
diazinon Diazinon 800 EC 14 300-850 50 ml/100 L *=*
monocrotophos Azodrin 400 EC 10 14-23 1-2 L/ha
Cronofos 400 EC 10 14-23 1-2 L/ha
Nuvacron 400 EC 10 14-23 1-2 L/ha
ethoprophos Mocap GR Nil 62 40 g/stool or
2.5kg/100 m
pirimiphos-ethyl Solgard EC Nil 140-200 0.7L/100L
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Active Trade name |Fermulation| Withholding| LDs* Application rates
constituent period
(days)
cadusafos Rugby 100 G GR 14 37 30 gfstool or
2 kg/100 m + single row
4 kg/100 m + double row
prothiofos Tokuthion sC Nil 925-966 0.33-11/100L
Tokuthion DP Nil 925-966 30 gfstool
bendiocarb Ficam Banana Dust D 84 34-64 1¢ g/bunch
bifenthrin Talstar 80 sC 8 54 125 mL/100 L
MITICIDES
dicofol Kelthane 240 EC 7 668-842 2.5-3 L/haor
0.25L/100L
Kelthane 179 EC 7 668-842 253 L/aor
0.25 L/100 L
Kelthane 480 MF EC 7 668842 1L/haor0.11L/100L
fenbutatin oxide Torque 5C | 2630 0.37 L/ha
clofentezine Apollo SC 0] 3200+ 250 ml/ha
propargite Omite WP & 7 <200 10.1 kg/100 L or
WG 1.25 kg/ha
bifenthrin Talstar 100 EC 8 54 40 mI/100 L

* LDs = Acute Oral LD only (Ref. The Pesticide
Manual, sixth edition 1979, C.R. Worthing, editor.)

LDs Value — Qrat

Rating

EC = Emulsifiable concentrate
WP = Wettable powder
WG = Water-dispersible granules

<3 Extremely toxic GR = Granules

5-50 Highly toxic SC = Soluble concentrate
50-500 Moderately toxic DP = Dispersible powder
500-5000 Slightly toxic D = Dust

>5000 Practically non-toxic

*%* Do not exceed this rate and do not treat bunches to
run~-off or significant fruit ‘burn’ will develop where
drops coalesce at the bottom of the fruit.






The occurrence, importance and scope for biological control of insect and mite pests in bananas

MAJOR PESTS
Common name Occurrence | Pest importance | Biocontrol | General Comments
potential
Banana scab moth N. Qld severe/widespread | limited Weather conditions play
an important part in the
severity of outbreaks.
Banana rust thrips S.E.Qld & | minor—severe limited More severe on well
N.Q drained red soils, some
natural control from
general predators appears
likely at the pupal stage in
the soil.
Strawberry (banana) | S.E. Qld & | potentially severe/ | high A range of predators exerts
spider mite N. Qld widespread considerable control. The
small black mite-eating
ladybird beetle, Stethorus,
is the most common and
effective. Severe milte
damage follows the use of
blanket chemical sprays
which destroy the
predators.
Twa-spotted mite S.E. Qld & | potentially severe/ | high As above
N. Qld widespread
Banana weevil borer | S.E. Qld & | more severe in limited Some control is achieved
N. Qld SEEQand by general predators such
widespread as cane toads, ants and
beetles. Biological control
with nematodes is being
evaluated.
Sugarcane bud moth | N. Qld. minor—severe unknown Can cause significant fruit
S.E.QId scarring from December to
April.
Banana flower thrips | S.E. Qld & | more severe in unknown More severe in dryer
N. Qld 5.E.Q and areas, Some evidence
widespread exists that overhead

irrigation will reduce fruit
damage.

continued over
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MINOR PESTS
Common name Occurrence | Pest importance |Bioconirel | General Comments
potential
Banana aphid N.Qld & minor — severe unknown Rarely an important direct
S.E. Qid pest. In S.E. QId it transmits
bunchy top virns.
Redshouldered N.Qld & minor/sporadic unknown Redshouldered leaf beetle
leaf beetle S.E. Qi adults can swarm on bunches
and feed on flowers. Damage
to the fruit is rare.
Banana silvering N.Qld & minor/sporadic unknown Damage is rare and patchy
thrips S.E. Qd within plantations.
Banana fruit fly N.Qld & minor/sporadic unknown Damage is seldom severe.
S.E. Qld Remeoval of overripe bunches
reduces the level of flies and
damage.
Queensland fruit fly N.Qld & minor/sporadic unknown Attacks only ripe fruit.
S.E.Qld
Banana fruit N.QId & minor/sporadic unknown Seasonal and usually more
caterpillar S.E.Qld troublesome near rainforest.
Cluster caterpillar N. Qld & minor/sporadic high Heavy outbreaks cause
S.E. Qid scarifying of the leaf
edidermis and older larvae
can damage fruit. Parasttes
and disease epidemics give
good natural control.
Transparent scale N.Qld & minor/sporadic high Qil sprays for leafspot control
S.E. Qld suppress build up. Lacewings
and ladybird beetles are also
effective predators.
Greyback cane beetle | N. Qld & minor/sporadic unknown Severe defoliation to bananas
S.E. Qid can follow adult emergence in
December/]anuary. Larvae
feeding on roots of bananas
may cause plants to fall out,
Banana-spotting bug [ N. Qld & minor/sporadic limited These pests attack a wide
and fruitspotting bug | S.E. Qld range of cultivated crops but

bananas are not a preferred
host. Rows near rainforest are
occasionally attacked
especially if native food is not
available.




HARVEST ASSESSMENT

Farm: Paddock:
Total Bunches Assessed: Date:
Cause of damage Weight of damaged
fruit (kg)
Non-insect damage

Mechanical — Pre-harvest
Mechanical — Post-harvest
Mechanical — Injection marks
Sunburn
Maiurity bronzing
Doubles
Smalls
Chemical burn
Rat
Other

SUB-TOTAL (a)

Insect damage

Scab moth
Sugarcane bud moth
Mites (red spider)
Banana fruit caterpillar
Flower thrips
Rust thrips
Other

SUB-TOTAL (b)
Waste unsorted

TOTAL WEIGHT ALL WASTE (c)
Fruit weight/carton =
Total cartons packed = ( XL, L)
Total weight packed fruit = (d)
Total weight of harvested fruit = (c+d)
% Waste fruit (of total harvest) = £ x100=
c+d
% Insect damaged fruit {of total harvest) = b_ x100=
7 . ¢ ) cxd

9e Insect damaged fruit (of total waste fruit) = gi * 100 =
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MITE AND MITE PREDATOR ASSESSMENT SHEET

Farm: Date:

Block:

Plant no.

] 2 3 4

General rating*

First leaf with damage

First leaf +3%*#*

Adults
Total Pupae
Stethorus
Counts Larvae
Eggs

Other coccinellids (ladybird beetles)

Staphylinids (staphylinid beetles)

Phytoseiids (predatory mites)

Chrysopids (lacewings)

Other predators
No. of colonies (rating)***
Eggs
Colony 1
Motiles
Eggs
Colony 2
Motiles
Total
i Eges
mite Colony 3
counts Motiles
for:
Eggs
Colony 4
Motiles
Eggs
Colony 5
Motiles

* Overall plant mite bronzing rating, L = Low M = Medium H=High
** Ail mite, Stethorus and other predator counts carried cut on first leaf with mites 43
#*% () = No colonies  1=1-10 2=11-50 3 =51-100 4 =100




Appendix 4: Field data sheets 63

RUST THRIPS, FLOWER THRIPS AND SUGARCANE BUD MOTH ASSESSMENT SHEET (GS7)

Farm: Date:
Block:
Bunch number
1 2 3 4 5
Bunch treatment
1 Thrips number
Damage rating
Top 2 Thrips numper
hand Damage rating
RUST fincers 3 Thrips number
THRIPS = Damage rating
4 Thrips number
Damage rating
5 Thrips number
Damage rating
Second- I
lowest 2
FLOWER e 3
THRIPS hand 2
fingers 3
SUGARCANE BUD MOTH DAMAGE
Bunch Bunch Hand number

number treatment 1 2 3 4 3 6 7 8 9 101112 13

l

h|d= w2

Note: record presence (+) only

Note: Bunch treatments: [=injected B =bagged D = dusted § =sprayed
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BANANA SCAB MOTH AND FLOWER THRIPS ASSESSMENT SHEET (GS6)

Farm: Date:
Block:
Treatment
wwehno b sl a s |6 |7 |8 |9
Hand no.
1
2
3
4
5
6
Scab 7
moth
damage 8
9
10
11
12
13
14

Larvae on stalk

Spiders

Ants

Beneficials
Bugs

Other

Males

Flower Females

thrips | Gyinosition
marks

Note: For scab moth record presence (+) on each banana hand, one (1) is the top hand.
For flower thrips record the rating number as shown in Table 4.8 (page 29)
Bunch treatment: I=injected B =bagged D=dusted S =sprayed.



Farm:

Block:

BANANA WEEVIL BORER (BWB) ASSESSMENT SHEET
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Date set:

Date collected:

Trap

Number of
BWB

Tetramorium
bicarinatum

Other ant
species

Earwigs

Spiders

Other

(NSRS ) S ] »
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Total

Mean

Note:

For potential predators listed record presence (+) only.

Treatments:

Chemical used

Rate applied .,

Date applied ...

Method used .

Comments (rainfall, temperature, humidity, soil moisture during trapping period)




active ingredient {active constituent): the
toxic component in a pesticide
formulation. This quantity varies,
depending on the formulation. Usually
written as a.l.

candela (candle): the name given to the new
upright banana leaf before if unfurls
(resembiles a candle)

cigar leaf: refer to candela (above)

crawler: the immature, mohile stage of scale
insects

economic injury level (EIL): the level at
which a pest population is capable of
causing economic damage and which
warrants the cost of pest control; i.e. when
possible loss of production starts to exceed
the cost of control

fallout: poor or damaged root system causes
the whole plant to tip over, out of the soil

honeydew: sweet honey-like sticky substance
excreted by sucking insects such as aphids
and scales. Ants are attracted to this
material, which also encourages the
growth of sooty mould

hot spot: a [ocation in a plantation where, from
previous experience, pest problems are
likely to be experienced first and where
they are likely to be more severe

insecticide: natural or synthetic products used
for destroying insects. These can be
further divided into miticides (acaricides)
if their efficacy is primarily against mites
(e.g. red spider) and aphicides if primarily
active against aphids.

instar(s): the stage(s) of insect development
between each moult

knockdown: ability of a pesticide to kill
actively moving stages of a pest

larva(e): the immature feeding stage of insects
from hatching to becoming a pupa, e.g.,
moths, butterflies and heetles. This is
usually the stage which causes most crop
damage.
LDsx: LDs stands for Lethal Dose 50% and is
used as a standard description for
chemical toxicity. The figure given
represents the numher of milligrams of the
substance which will result in 50% kill of
the organisms. The lower the figure, the
more toxic the product. The figure is
standardised by referring to 1 kg
bodyweight. [.Ds« values can be quoted for
various forms of exposure, e.g. oral (hy
ingestion) and dermal (by absorption
through the skin).

leaf bronzing: a descriptive term used in
relation to mite damage, Leaf cells are
desiroyed when mites suck out the
contents. The dead cells collapse and turn
reddish brown and, when many
neighbouring cells are damaged, the
intected leaf area turns rusty red from
which the term “bronzing” is derived.

maximum residue limit {MRL): the maximum
allowable limit of pesticide residue (in
ppm — parts per million} on fruit (or other
produce) at the time of harvest

moult: the periodic shedding of the outer
cuticle (skin} of an insect. This process
takes place a number of times during the
larval or nymphal stages.

nematocide: synthetic products used against
nematodes



nymph(s): the immature feeding stage of
certain insects where the young resemble
the adult but wings and reproductive parts
are less-developed, e.g., bugs and
grasshoppers.

ovicide: a pesticide with the ability to kill eggs

parasite(s): an organism (insect) whose
immature stages develop on or within a
host, e.g., parasitic wasps which develop
inside host larvae and destroy them

predator(s): an organism which, as an
immature or adult, feeds on other animals,
e.g., Stethorus feeds on mites.

pseudostem: the correct botanical term for the
banana stem which is made vp of leaf
bases or petioles

pupafe): the resting non-feeding stage of insect
development between the larva and the
adult. Sometimes the term ‘chrysalis’ is
used for this stage.

random sampling: selection of sample units by
chance so that each sample has an equal
chance of being selected. This is important
to avoid biased results.
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scale insect: a sap-sucking insect (true bug)
covered by a hard or soft waxy covering.
Scales are mobile in the immature stages
{crawlers) and are usually immobile as
late instars and as adults.

sooty mould: black mould which develops on
honeydew. This mould is usvally the first
indication of the presence of aphids or
scales. Its presence is superficial but can
be difficuit to remove from fruit.

transect: a line along which monitoring is
undertaken in a crop.

volunteer plants: plants which establish and
erow unattended in areas other than a
specific paddock, e.g., creek banks, gullies
and roadsides

withholding period: time interval (in days)
between the last application of a pesticide
and harvest. This is a requirement to
ensure that the permitied maximum
residue limit (MRL) in food for human
consumption is not exceeded.
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