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About this manual

Thissecond edition of thanuatevises th&ustralian apple and pear IPM stdategpped in
200708. Development bebriginastrategy involved collaboration between Australian apple and pear
growers, researchers and extension spériaieste a strategy that gave practical pest

managemmant opti ons instead of O6warm fuzzyd phil os

Australian pome fruit is grown in a range of climatiictomesans thle pest problems

experienced by orchards in our regions are Oinversesised edition of the manual includes

updated pest nagement knowledge, an increased emphasis on cultural and biological control options
that help reduce reliance on pesticides and help to slow development of residiseagsas pests

and weeds to chemical treatniedslers will also notice that theaima now called an IPDM

manual to recognise the advances in integrating disease management. The new manual is being
delivered in conjunction with training opportunities for growers, agronomists, pest management scouts
and consultants, and extensioersffi

Manymarkets require growers to demonstrate that they are growing their crops in ways that are safe to
the environment, consumers, farm work#regaméral community. Any claims by growers are
expected to stand up to the scrutiny of an audit. Sthiatrgeamers need to docunhentthey do

and why they do it, which i\wblyalian growers have adopted Quality A$QuaEystems that
identifydocumenand control food safety isspdssystemequirgustification pést management
decisinstobe based dhe results ofonitoring pest populations. This is integral tolEhd Ipatst

IPM often focussed on integrating biological controtliefdaal pespecies into the pesticide
dominated progr#on controlling the broadstcomplexeattacking cropdn examplis integrated

mite control in whpchdator mites resistathebroaespectrurpesticides used against codling moth

were introduced to control spideuthbiteaks caused by those same pesticides killing atigggtnon
specieghathadpreviouslgxerted control over the pest MitesAustralian apple and pear industry
suppod a sustained progranpe$t managememsearch and development that gsraebatter
understanding of the interactions occurring in the orbbattieamochpact on crop quaéind
productivitgsrowers now have a suite of biological, agronomic, aisdipiecittons/ailable to

help them deal with the interactiogi @ web of pests, diseases, weeds, and biological control agents
that influence their economic and ecological sust®naakildf/these are covered in the revised
manual. Updates and new tools are also available on the Australian Applisl AiveBeayelP D

www.extensionaus.com.au/ozapplepeangmirfacebook OzApplePearlPDM.



http://www.extensionaus.com.au/ozapplepearipdm

Apple and Pear IPDI\“ >

Chapter 1: Introduction to IPDM

IPDM quick facts

1 Orchardists are in Husiness of growing qualitafdiihotimber

1 Pests, diseases and weeds are not problehey @ittt to cause economic losses

1 Biocontrol agents are goodtéonginvestments

1 Sail biodiversity is importapldiot healtiind nutritipand supporting biocontrol agents

1 Improving biosecurity is moreffestive thattempting to eradicate all pests and diseases

1 Cultural practices are effeptaxeentative measures

i Pesticides haveae in IPDM strategiesvusbe chosen with carel only used when
really needed

9 Conservation agriculture relies on minimal mechdisitabsoite, at least 30%
permanent soil orgaroeer, and species diversificatropttove soil health and habitat for
biocontrol agents

1 Reaenerative agriculigran evolution of conservation agriculture

1 Functional diversggognises that species canmsdbrm more than one role in an
ecosystem

1 Conservation bioconggrovision of habitat to support biocontrol agents

1 Use of IPDMaspersonal choice

1 IPDM involvegentification of objectivesraptementipianned strategi¢actics

monitoring and evaluation

«



What is IBM?

IPDM isintegratedestand diseaseanagementt isdefined bihe Food and Agriculture

OrganisatidqirAQ as meanirithe careful consideration of all available pest control techniques and
subsequermtegration of appropriate measures that disceutagelopment of pest populations

and keep pesticides and other interventewess that are economically justified andreduce

minimize risks to human health and the envifiGifeeimn phasizeke growth of a healthy crop

with the least pddsidisuption to agezosystems and encourages natural pest control

mechaniss InghortPDM involves evaluating your pest problems dedetlmping a systems

approach to manage the problems in a crop productidhroagtaitially appeamplicat

becauseonsidation must be giveintgpact on the entire bioekside effects on biocontrol agents

wor ki ng fibehind the sceneso .wGererdlgwdhunng ot her
IPDM programwill result in reduced usdggy/nthetic pesticidisough in some cases they may be

substituted by gesticidesThisis a natural consequence of considering the entire range of control

options availaptgarting with orchard hygiene and other cultural aspects sudrsasgest or

resistant rootstocks, encouraging biocontrol agents, use of technology that disrupts pest communicatior

system§pheromonesgnd use of appropresticides when required

AlthoughPDM systems generally have a commobehierdiee way thayin even within a single

crop system such as apples ortheatdgtaildependn the geographical area in whictothes
locatedApple and pear IPDM systisueloped Bermany, North America, or even New Zealand

will balealing with pesimplexes and hpsstpredateclimate interactions that are different to

those in Austradiad therefore cannobbg o pt e d  fvithdéuf motlificati Differere drdwitig

regions in Australisohave differences in pest complexes andtletinmeted to bensidereds

part of the challemgeleveloping a national IPDM syi$terdecision to implement IPDM is very

much a personal decision driven by the historical context and current aspirations of the orchardist.
Therefore, a single retwpd&” DM will not work for all growers. The manual addresses this by

providing strategies rather than prescriptive recipes.
Orchardistusing IPM choose management gdtiom withinsdrategic pldahat recognises that:
1 The orchardistis in business of growing {gjgality fruit

1 Presence of pests and diseases is natural and does not present a problem until they start to
create economic less

1 [If application of a pesticide results in a pest resurgence, or development of a secondary pest

outbra k then thatobdés a cost associated with p
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1 Some biocontrol agents will persist for a long time in the orchard after being released (often
depending on what chemical are subsequently used) and so may prtvioleghenefit
the season and in years to come, resulting in the cost being spread across seasons

1 The cost of releasing biocontrol agents is a very small component of the total cost of producing
fruit. Access to markets and gaining a higher pricethrcieditynder a system that
doesndt use hard chemicals can outweigh t he

1 Soil biodiversity is an important indicator of soil health.

1 Weeds are plants that are growing where they are niieadgddke advantage of bare
soil and bacterially dareieh soil microbid®éants that compete with crop plants for water
and nutrients without providiagtdienefits to the crop plants are weeds. Hoamyer,
fi w e stianslate nitrogixing soil microbaaprove soil heakthd/oprovid nectar it
sustains parasitoid wasps and other biocontrthiagarttan reduce pest and disease

pressure.

1 Completely eradicating pests and diseases is almostimpossible but preventing their

establishment is feadilglémproving farm biosecurity.

1 Cultural techniqyéscluding crop hygiene, are preventative measures that limitinitial pest
and disease population size

9 Biological control agentsbaresficial species that praadskeffective pest and disease

management but may require occasipmalextreme conditions

9 Pesticides have a place in the strategy but should be chosen using knowledge of their target
rangehow they impact beneficial spaatbsas pollinatarsd biocontrol agents, their

approval and MRLs in target madsitsance management strategieseamtdyrperiods.

Conservation agricultupeomotes the usaofillage techniqutgat generate minimum soil
disturbangenaintenance of a permanent osgérgover, amdiant species diverstynproviarm
bialiversity arideecosystem functions above and belowtigabliead to greater water and
nutrient use efficief@yimproved sustainable crop prodlibéom.are three princigiasng
conservation agricutture

1 Minimum mechanical sdisturbancechieved through direct seediadertilizer
placerant Land preparation for sedditigjs approaaivolves slashimgllingor spraying
existing weeds and crop regdueate a mulch larat direct seeding through the mulch
to maitain soil covénmodermoderatbigh densifyerennidree cropsoil beneath the
treess usually maintained weseby sprayirgp that the tree roots are not disturbed

11



1 Permanent soil organic cowdrat least 30%naintained withver crops orop residues
Cover crops aneed to improve soil fettigiyeen cropsid in annual cropping systems
theirgrowth is interrupted before they compete with the comnirenoéaéoroal
deciduous tree crops such as pome fruit a common praxintis & grass/clover inter
row sward and a narrow weed fréiéréeat is mulched by use of -disicieargmower
to maintain the irtew at a low heigdhite interrow providedbout 55%oil organicover
andthe mulched areampletes the coverdiga.side discharge mower is not used to
provide multhefi we e d s 0 gtreeting can lge spraged with a dessicant type
herbicid&hat leaves standing plant residue to provide soil cover

91 Species diversificatiachievectougltrop rotatiomsvolving at least three different crop
typess not feasible in a peretr@alorchard unless the-iotgrisusedor fAcr.op o
An alternative way to improve species diversficgtiant a mixed speciesrimiersing
a range of perennial/anahnuaplantghatwithstand mowing and tr&ffich a sward
could be designedntgprove soil health atgbprovide habitatd alternative food sources

for beneficial predatory andipabascontrol agents useful for pest management.

Regenerative agricultuseboth a new name for an old philosophy and anoéwalnsiervation
agriculture@herebynanyf theexternahputsare replacaeshennatural systerase allowe mowe
towvardgreater complexijodiversity) in response to distarliasoccurringn tandem with
developmenf systems approachescience that acknowlddgeraditional redutiibapproach

to problem solvitadses too long to expl@@ncompledaptivénteractions betwesgecies
substrateand disturbangethin an agroecosystgiodiversitelated to an agroecosystem can be
cropassodated biodiversiynsisting of the range of orgarisave and below grdendh as
pestsdiseases, weeds, biological control, agdistors, and mycorrhiza) thatgpositivedy
negatively impact on agricuRlaened biodiversitan agroecosystamludesll the organisms
including crgpeciesntroduced by the farmer. Unplannedrbitydieeall other organighad

existin or colonise the agroecosystem

Functional diversitys a measure thie number of species hachumber of different tblese
species perform in the ecosystaimgle species can praowie than one role or function.

Classicalbiocontrobnd augmentative biocontbaith involve release of predaarasitoids, or
pathogens that attacép pests. Téebiocontrol agents are usually imgpetEdlisfsom the
home rangaf the pest amd Australiaust undergotensive testing for host spediétitg

approval can be given to releasertimerguarantine

Conservation biocontrisl the practice of providing habgapport populations oiray
occurring predators and paraghaidattack crop pe§tenservation biocorgugports the wide

range of generalist ngtireelators and pdtagls but also has potetdiahhance survival and

1z
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performance of introduced specialist biocontn@lagsets under classiodlaugmentative
biocontrol programs. Practices that incrdbseaniddbundance and habitat straptlimportant
components of conservation biocontrol.

One of the many challenges #aasitpliaapple and pear growers in adopting regenerative
agriculture approachdbasthe cropn introduced specigsy definition a disturbandke
ecosygemand triggers an adaptive resgmmehe unplanned biodiversiity happeras the
same time that timroduced specimay requiupplementsiess theris sufficiefinctional
diversitin thesoil biot¢o providéor its need3he application of supplenmeaysthen have a

negative impawet the nativenplanned biodiversity and set off a treadmill effect.

The goadf IPDM is to reduce pest populations while minimizing risk to theaadeoeficesdt
species such as predatpasagoids, pollinators, and earthwdimsscan be achievsd
integrating aspeofsonservation agriculture, regenerative agriculture, and cbrsmEmnatbto
improve functional divettsibpgh increasbiodiversity withinthe production system

Making the decision to us®NBrequirepersonal choices

Australian pome fruit orchaggistate under a production system that requires a high degree of

financial rigiad large amounts of annual expetwgteéeve production that may generate low

rates of returiBad and damaged fruit costs nrolwst marketable yield but there are also

significant costs associated with preventing yield loss. If the costs of preventing loss are higher than the
valueof the potentilalss the threshold damage levels are tobddeval of damage considered

acceptable varies between orchartistsontext dependent S ome want to produce
and are willing to pay to do this while ott@esatélsome damagedMihvolves making

personal choices about wiastasceptablievel of damagad what level of is&cceptable

There are no firm rules and regulations.

A well run M program involves no reduction faytaddowever rihg the first few seasains
transition while the system beds down and beneficial biodiversitinesiadilishes means that

somemistakemayhappen. The information in this manual provides a way of minimising that risk:
Farm management practices
Professionpkst monitoring services are available forgrmvers

1 Do not have staff trained in pest, diseasdndentification

1 Do not have timeto condigrilamonitoring

9 Prefer to havedependent monitoring conducted

Manyof the larger orctisa employ their own trained agronmnoistssee farm operatiSiteff
conductinfarm management activities such as ppowimyy, thinning, irrigagitetharvesto



should be givbasic instruction in identifiaaftbyrm ptoms that treefrait may be infectedsTh

forms the basis of situational awareness that allows ototdetstafhusual pests or damage

that can be referreth®agronomist, crop consultant, or governmentfagefeigication as part

of theorchard biosarity prograhe additionabservers in the orchard provigesas of passive
surveillandbat may detect early sajrssproblem that can then be addressed before it becomes a
hotspot

Decisions on the need forrpastigementtervention, and eftioolsto use, depend on a range of

factors:

The pest, disease or weed being targeted

The size of the problem, as indicated by results from monitoring

Presence bfocontrol agents that cmadage the problbefore a spray is required
Weather forecasts

Whether multiple species are being treated at the same time

The stage of growth of the crop and the pest, disease or weed

Nontarget effectsf pesticidemcluding implications for IPDM

Presence of resistagsts, diseases or weeds

= = =4 =4 =4 -4 A A -3

Cost of alternative products, including consideration of costs resutirgetrampacts
(such as additional chemical applications to control mite flare, or the cost of purchasing
biological control agents to replacéilledby a pesticide application)

1 Compatibility with other products that may be proposed in the tank mix, including the need for
adjuvants

Spray equipment should be well maintained and calibrated, and all use documented. Spray operators
should be apprigtely trained and accredited.

Legislation

All orchardwnustomply with relevant natistatieandterritory pest and diseam#rol legislation.
All pesticides supplied and sold in Aosisdlie registered by the AustPasdicides and
Veteringg Medicines Authority (APVMAXontrol of use of pesticides is gdweBtate and
Territory regulatiobabel directions must be followestsure that maximum residug MRits)
are not exceedadd that bee other netarget organisntise environmeind humans are not
adversely affectétiis outside the scop¢his manual to prodelails of the State and Territory
regulationsvhicimayvaryregarthgdefinitions &f d f af uses$, and is the respsitility of

individualsinesses to ensure they are comyiiectirrent regulations

14



Market requirements

Each market has detajlelity assurance requirentemssure that food sadety other quality
standards are met. Export maaketsome interstatarkets, have additionalophpitary
(biosecurity@quirements that may stipulate particular monitoringsididamisiarvest
disinfestation protocBbgport markets also vanhich pesticidesn be used to produce the crop
and thgermigdMRLsThese change frequently and are outside the scope of this manual

Developga strategyo transitiorio IPDM

T Summarise the current situation, providing some historicallcmtggtEundent
aspirations (long term objatinviddrive adoption oD\

1 Identify your key pest and disease risks and the tactics that have worked and those that were

not successful.
1 Identifypne or more strategies to achieve the objective

9 Plan for potential changes in pest or disease pressurekaschangaiam management

or the climatic conditions change.

1 Seek knowledge on the positive and negasffecidef changes that you intend to

implement.
1 Document the tactics you will use within each strategy

91 Develop and implement a monitoring poogeafperformanad theseactis so that you
can intervene with corrective aftiioltgyical or chemjtakeep damage within acceptable
levels

1 Evaluatéhe impact gburtactics and strategiéesh season then record any subsequent

changes arttie reasons for those changes.

9 Thisis no different to the process (identifying risks, implementing appropriate risk mitigation

strategies, and assessing the results) that you use for your quality assurance program.

The key to IPDM success is to motiititieackeep good records of what has been done and the
results of those actions. Records should be used to analyse current strategies and to honestly evaluate
whether the chosen tactics are the best options. This allows constant refinergemeaftthe mana

strategy to cope with new threats.



Some IPM terms defined

IPDM comes with its own jargbe.terminology is quite simple and will help you to understand this

manual . I'tds i mportant t ha telajomshipbetwedgretnesit and t

1. Monitorings a structured system for quantifying the likelihood of pests becoming a problem in the

orchard. Itinvolves

|l

Establishingnd checkingrapsto capture mobile stages of pests (typically adults) or
diseases (tyally sporeg) assess population levels and/or to generate data used in
predictive models that forecast critical times inthe pest or disedsetifecycbs for
each individual trap.

Checking trees for signs of infestatibiis preferable telect trees at random each time

these checks are undertaken. Record results for each individual tree so that you get a feel for
variability between trees rather than justresponding to totalnfestatoagkevels. A

good practiégeencourageent bsituational awarenesstaff who are regularly mowing, or
conducting other activities in the osthtrat they deteerly signs of infestations or other
problemdt is often temptingrtonitor the same tr@asicator, static or sentinel trees)

throughout the seabanthis is usually counterproductive since they atetsfpetsin

(particular trees prone to probéemsan lead to ovestimation of severity or lead to you

missing development of atfess in other parts of the block.

Carefullycheckingweatherforecastdor conditiorssich as temperatures, rainfall, leaf
wetness and wind speed théikatg to favour pestgliseasesr affect spray application

Checking fruit damageaitical $ages of pest and disease development and again at
harvesto measure the success of your management efforts.

Maintaining database recordsegultsfrom trapping, tree inspecticeather statigns
data loggerand fruit inspections.

2. Sample unis the precise item that is monitored. For example:
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If twespotted mite is being rocedt the sample unit is a leaf
If Phytophthora is being monitored, the s@nptadree or soil at the base of the tree
If black spot is being monitored, tipbesanits afeuit and leaf

An insectdp
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3. Actionthresholdor Economic Threshold)thepest or disease level at which you may need to
intervene to prevent economic damage from ddwueaamomic injury level is reached when the
value of daage caused by pest population equals the cost sttionttbieshaldnclude:

1 Pest numbers per sample unitaezataitevel (e.g. 10 mites/I8ahoths/trap

1 The proportion of infested sample units reaches a certai80&v&deas infested with
mites)

1 Anaccumulation of either of the above over time (e.g. 5 moths/trap/week, or 500 cumulative

leaf infested days for mites)

1 The weather is so favouraldeptst that it is almmesttain that damage will follow (e.g. a

scab warning has been issued and you have a block with history of scab)

Acti on t hr es hol dtkatmasbeereached exadthgyacgn be vanedwith e r s 0
experienc&alue of éhcrop, andbility to respond in time to avoid adverse oitecause

economic injury level varies due to a range of factors such as seasonal conditions, crop susceptibility,
weather, rate of pest population incidaseffects of specific treasyaent value of the crop it is
almostimpossible to determine in advance. The usual practice is to set an economic injury level that the
grower is comfortable with, and an action thresholehthagtesrgin of safety that the economic

injury level ot exceededs the grower gains more experience and confidence in the approach the

action threshold can be increased.
4. Appropriate actiovhen the action threshold has been reached must:
1 Be effective over a relatively long period

1 Not caussecondary problesugh as an outbreak of an otherwise minaripest, or
disruptive treatment must be agpimadementary releases of biocontrol agents can be
made to counteract the disruption

5. Cultural control methoa®nipulate the crop envieoito:

1 Reduce susceptibility to g@gisnproving plant health or using varieties and rootstocks
resistant to the pest

1 Make the environment unfavourable to pest populatidy lmpéshuny the tree canopy to

improve light penetration and air flow

1 Increasing soil health and orchard floor biodiversity



6. Biological contrid the suppression of pest damage thraagfiothef natural enemidsch

could be pathogens, predaipprgrasitoids. Biological control can be achieved by:

1 Importation and establishmaritspecialised natural enemies from the region in which a
pest originated. An example is Mastrus ridens, the paras#tichivasgmy of codling
mothimportethto Australia and New ZealandKapakhstaria California and Argentina

1 Augmentation bipcalised releasesf natural enemies purchased from commercial

suppliers of biological control agents.

1 Conservation by modifying the crop environneeincrease biodiversity that in turn

enhances performance of natural enemies.

7. Behaviour modificationthe manipulation of pest communication systems to alter the behaviour of
the pest in ways that reduce its population by reducing either its ability to mate or lay eggs on the host.

This can be achieved through use of:
1 Pheromonessed to attract inseotsraps

1 Pheromonenediated mating disruptiby reducing the ability to find mates and thereby

delay mating and oviposition resulting in lower pest populations

1 Combination of pheromones and host plant volatiliesprove sensitivity of monitoring

trapsand mastfapping of both sexes

1 Herbivoreinducedplant volatils, released by plants attacked by pests, to attract natural

enemies of the pests
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Apple and Pear IPDI\“ y

Chapter 2: Developing an IPDM Plan

IPDM Quick Facts

IPDM starts well befareblems are observed. Adeedloped IPDM plan involves 4 major steps:
1. Prevention by strategic planning to avoid problems
o Identify short, medium andtéongobjectives
o Develop strategies to achieve the objectives
0 Determine resources required toakeddm strategies
o ldentify suitable tactics to employ to allow flexible delivery of the strategies
o ldentify milestones needed to track performance of tactics
o Identify criteriato confirm achievement of milestones
o Document a work plan
2. Preparation to counter adverse conditions
o0 ldentify existing issues
o ldentify and evaluate potential solutions to existing issues
o Consider possible side effects that could generate new issues
o ldentify and evaluate potential solutions to the possil®#s new issu
o Include the solutions you have identified into your strategic plan as tactics
3. Planting healthy quality trees into well prepared sites
0 Determine the health and quality parameters you want
0 Specify those parameters in your contract with the nursery
0 Rejectrees that do not meet your specifications
o0 Planting substandard trees costs you in lost productivity
4. Pest, disease and weed management planning

0 Assess previous season damage



Develop an Action Plan

Identify suitable thresholds for interventions

Identify staible interventions based on your thresholds
Plan monitoring program

Plan damage assessments

Establish a monitoring database

Train staff or contract a pest management scout

Ensure you get a written report after each visit by scout
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Step 1: Prevention

Planstrategically
1 Establishing new blocks
o0 ldentify constraints to productivity related to the proposed site.
o0 ldentify proposed tree training method
0 Review history of pests, diseases, weeds and climate

o Determine varieties and rootstocks to suit the site, its pest and disease history

and yourbusiness plan

o Contracta reputable nurseryto provide healthy, certified patlestghtrees

to your specifications.
1 Site preparation
0 Existing blocks
0 Assess damadevels from previous season
o ldentify pest, disease, and weed hotspots
o Identify corrective measures
0 General maintenance
A Pruning and tree training
A Irrigation system

A Machinery service, placement and calibration

Planning to set up new blocks on old orclaard or virgin land

Start planning before the old orchard is remoWeid gives you time to:

Identify and correct any drainage problems and soil nutrition.

Order the correct variety and rootstock combinations from nurseries.
Order trellising and irigatlystems.

Plan labour requirements.

= =2 =4 =4 -2

Plan cultural practices and equipment requirements such as ripping, discing, marking out,
fertiliser incorporation and planting.
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Check local advicéll production areas vary in their soil typelimatey soil problems and

nutritional status. Obtain advice about any local issues you may need to consider.

Accurately map the old area (or use an aerial photodysiig)a map or photograph altaws

to accurately locate problems areas (e.g. drainage, poor trees, different soil types, and prevailing
winds). This allows timeto plan for corrective measures such as installing drains or grassed waterways
and planting windbreaks; or to adjusbirsgsiiems. Accurately mapping the old tree rows allows

you to rearrange row positions and minimise the number of trees planted in an old tree row.

Soil test for pH, soil nutrients, salinity, organic matter, and soil bidlegg.tests identify if you
need to add nutrients or improve the soil. Subsoils should be tested for acidity and sodicity in areas
prone to such problems. It is essential that these are known before there is any soil disturbance so that

correct measures can be applied at theeginickiin the most appropriate way.

Check the site for specific apple replant syndrome, other soil borne problems and nematodes.
Bioassay tests of soils show how much affect the unamended soil will have on the growth of young

trees.

1 In some soils it mayrtecessary to test for specifissog problems that will affect the sail
treatments e.g. White RootRste(linia necajricx Queensland, Phytophthora and

Armillaria.

1 Nematodes can severely affect tree growth. A nematode test is highly fardaghtnended
soils.

1 Heavy metals (cadmium, arsenic, copper) may be an issue in some locations. Obtain local
advice and test if necessary.

Identify lime, gypsum and/or dolomite requirements for tHeisiextremely important that if sail
amendments (apldosphorous fertilisers) are required, they are incorporated into the root zone before
planting as they are highly mobile inthe soil. Surface applications take several years to reach the root
zone and have any beneficial effect. Do not use doltswiiéhihighh magnesium levels. Use

calcium carbonate lime if acidity is an issue. Be aware that phosphorus fertilisers may have negative
effects on beneficial fungi in the soil.

Consider site rotation and possible cover criepsparatory planning mawshat itis
inappropriate to replant the orchard. A change of creionlapgesach to replanting may be
necessary. Orchards are expensive to establis

shortcuts.

Select and order the varieties aodtstocksSelecting the right variety determines how much
money you can make. Selecting the right rootstock determines how much you minimise production
costs, maximise packouts and wididtherefore maximise profits.



1 When ordering trees specityleof trees you want for the training system you plan to use,

for example whip, viedithered trees {IDfeathers) or double leader for Tatura trellis.

1 With effective nutritional/soil adjustments and cultural practices, dwarfing rootstocks can be
usedo replant old orchards. It is not always necessary (or practical) to use vigorous
rootstocks. Small , not big trees are pref

you want, not what you can get.

Budget accurateldudgeting helps yopltn effectively and make sure that you have everything

you need. I't al so ensures that you donét get
Planning to prepare established blocks for a new season
Assess damage levels from the previous season

1 Review results of pestdisdase monitoring and identify hotspots and potential control
problems.

9 Assess outputs from pest and disease models to identify gaps in management strategies used
last season and plan improvements for the coming season.

1 Consider the need to purchaseioial control agents tmtr@duce or top populations
that were affected by chemicals used last season.

91 Develop a strategic plan involving appropriate use of alternative pesticides that will provide a
backup for the biocontrol agents without lsédleefiiiécts.

General maintenance
Pest carryover in hotspots

Pests and diseases survive through winter in various ways without fruit, leaves or succulent shoots for
nutrition. Some migrate, but most pests never leave the orchard or its neadiBsgaymands

these overwintering sites will reduce pest and disease problems inthe upcoming season.
1 Remove and destroy all fallen and hanging fruit.
1 Apply urea and/or mulch fallen leaves to hasten their breakdown.

9 Look for disease cankers and insect damage on limbs. This damage is easier to see and

remove during dormancy.

1 Know what biocontrol agents (predators, parasitoids and entomopathogens) could be working
in your orchard to reduce your pest populatiomgen\ardravoid use of pesticides that
may kill or sterilise them.

Training, pruning, thinning and fertilisers.



Training systems that provide open canopies result in greater air flow and shorter drying times.
Consequently, incidence of diseasestdnmligof sapucking insects such as aphids and
mealybugs tends to be lower.

9 Training systems that minimise pruning and, subsequently, pruning cuts (disease entry points)
result in fewer problems from diseases such as silver leaf and pests sppleas woolly a
aphid.

1 Although benefits can be gained from opening the canopy through pruning and training,

orchardists need to be aware of the problems that may arise from sunburn in warmer regions.
1 Sunburn can result in bark cracking and splitting and fhredispassfungal infections.

9 Fertiliser use should meet tree and crop requirements, be based on soil and/or leaf tests, and
be applied at appropriate times to maximise crop benefits and minimise excessive growth.

Pruningshould:
1 remove water shoots
I remoe diseased tissue
1 open the canopy to allow air movement and better spray penetration.
1 Allowfor renewal of fruiting wood

Thinning is not just about crop loddhould also help to reduce pest and disease problems.

Clusters of fruit are prone to pestdiseases because:
They provide sheltered feeding and nesting sites for insect pests
Humidity between fruit is higher, making clusters more prone to disease infection

Pesticides dondt reach the space between fi

= == =4 =4

Fruittofruit contact leads to skmabe making it easier for pests to infest and spread

between fruit. Damage starts on one fruit and soon the entire cluster is worthless.

Irrigation system

1 Inspect and repair irrigation lines, sprinklers and emitters to prevent excessive periods of leaf
wetness caused by broken or poorly orientated irrigation equipment.

1 Emitters and microjets are prone to blockage by insects such as weevils laying eggs in the

orifice.
Machinery

1T Service all tractors and sprayers well bef ¢
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1 Sprayers must be calibrated properly to apply the correct volume of spray onto the right
locations on the trees or weeds.

9 For diseases such as black spot and powdery mildew you will need-sudiitiginedvell
equipment to spray the entire orchard3/days after rain.

Pest and disease monitoring
1 Insect traps require regular maintenance and should be cleaned before each season

1 Weather stations and other sensors need regular calibrationto ensure they are providing
accurate data.

Netting

1 Full exiwsion netting must be inspected regularly, and damage repaired to prevent pest
incursion.



Step 2: Prepare land for planting

)l

If you are replanting an existing block survey the trees and mark on alotapidine

of diseased trees, areas of poor drainage, frost pockets, and soil types. Remove the old
trees and their root systems when soil conditions are suitable. If removed trees are to
be destroyed by burning on site consider the effects of high temgsoatsoil

biology, structure and quality, and develop a mitigation plan. Mark burn sites on the
block map. Burning may also require a permit from Local Government or appropriate

Fire agency or both.

Conduct soil tests and repair drainage, soil struciaineity, soil biology and soil
fertility problems. Destroy weeds and plant suitable cover crops. Plan location of
infrastructure (water mains, valves andreains, power, trellis poles and netting

supports).

Workin the cover crops, hill up the rowtgldish infrastructure, and plant suitable

orchard floor species in the intemws.

Remove the old Orchard or virgin bush and tree roots

1

Remove trees when soil conditions enable easy removal of trees anidisoots.
important to remove as many rguissible, so avoid dry periods or wet soils when

removing trees.

Timing and removal meth@mulilldozing, excavator or stumping) will depend on the soil
conditions, slope (safety and erosion) and permanent fixtures in the orchard.

Collect and dispose a$ many roots as possibl@ld roots harbour pathogens that can

reduce new tree performance. Decaying roots can be toxic to young trees.

Where practical remove all root pieces longed@am 2dd/or larger th&anc in

diameter. Use a disc toanis if they cannot be collected economically.

Wherever possible do not burn old trees on the land to be repléesedenerated by

burning old trees affects the soilangarosms and nutrient availability under the heap. For
orchard uniformiftigibest to burn the trees off the planting site. If trees mustbe burned on

site, several small heaps are better than one large one. Burn before spring to avoid emergence
of overwintered codling moths from under the bark of removed trees.

Take precauti@to avoid erosion problenmisree removal can be one of the highest
erosion risk periods on steep slopes. Once the trees have been removed and heaped use

interceptor drains, temporary contour grades or roughly plough the block to slow the speed of
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any weer running down the block. Establish a cover crop if land is to be left bare for any length

of time, particularly in winter.

Prepare the site

f

Rip the site to improve soil aeration, drainage, root removal and to reduce compaction
problems.Rip in late sumer when the soil is dry and therefore shatters easily. Rip old
orchards to break up hard pans and compacted areas, to improve aeration and root

penetration and to bring old roots to the surface.

On steep sites minimise the erosion risk by leavimg ¢heoagh condition until ready to
further prepare the site. Interceptor drains, grade furrows and/or contour banks may also be
necessary.

Erosion can be minimised in some situations by only ripping the proposed new rows, not the
whole area. If yaeuhis technique the new rows need to beoutaekdg in the

process.

Roughly cultivate site and remove any visible réatsh preparatory activity unearths old
roots. The more roots that are removed (especially large roots), the better.

Evenout he site if required (and practicden out any rough or shallow areas
(especially along the planting row) to develop a uniform block. This is a high erosion risk

activity, therefore take suitable precautions.

Apply and incorporate to a depth of 15 cmare, any fertiliser, lime gypsum, dolomite

or organic matter (identified in step 1). If problems are identified with subsoil acidity or
sodicity, incorporate gypsum into rip linBsior to mounding and/or final soil preparation,
broadcast any festlis and soil amendments (lime, gypsum etc.) and incorporate by

cultivation.

Where significant quantities of trace elements and/or phosphorous are to be added, itis
preferable to apply the soil amendments first, cultivate, and then applypheatelyiliser se

Mark out new rowdminimising planting in old tree rowle replanted block will usually
involve new training systems and different planting densities. Using your orchard plan

accurately mark out the new block. Minimise the numbevldfroswpasitions.

Recultivateéd preparing for planting or moundindfhere soil depth or drainage is an issue

the site can be mounded by moving topsoils from the centre of the row into raised mounds
along the planting row. This increases the degih foitmpe roots and ensures the root
crown is above the water table. Thewsgace also acts as a surface drain. Mounding is



particularly valuable in replanted blocks which have previously had problems with root

diseases such as Phytophthard]l&ria or white root rot.

In undulating sites ensure that the mounds do not impede the natural drainage from the site.
Leave the drainage lines free so that grassed waterways can be installed to remove surface

water.

When mounds and grassed watemgaypéace, the site is ready for the final cultivation to
prepare the row for planting. This final cultivation should be done on the day of planting.

Plant cover cropWWhen rows and mounds are defined, thenirieza should be

cultivated lightlydaplanted with a cover crop as soon as pgssfielably in autumn to

stabilise the soil prior to winter and to provide a firm surface during the winter/spring planting.
When choosing a cover crop pay attention to the pests which are likibly tdaccur i

the requirements for nectar and shelter of predators and parasitoids that may prey on the
pests, trafficability and otherrawemanagement issues, and plant appropriately. For

example, Western flower thrips can build to large numibiessoiw @hich contains white

clover before moving inand damagiiighe crop.
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Step 3: Planting and establishment

1 Assess quality of trees delivered by the nursery and reject any that do not meet the
contracted specificatis. Sort trees so that you can plant similar sized and shaped

trees within a row.
1 If you cannot plant when the trees arrive do not let them dry out in storage.

1 Inoculate the roots against crown gall before planting. Plant at the correct depth and do

not stess the young trees

Store nursery trees correctly before plantiigrsery trees (especially their root systems) should
never be allowed to dry out. Trees should be planted on arrival from the nursery or store them by:

1 Healing into maatvdust, sand or vpepared sdibood drainage is critical.

1 Placingthem in a drafigigt shed, bundled together and covered with moist hessian or

tarpaulin. Moistenthe cover several times a day. This is only suitahie $borsiyart

1 Putthg them in cool storagace trees upright in a bin, roots thoroughly covered with
sawdust. Moisten tops daily and do not store with fruit. Only fully dormant trees are suitable

for longelerm storage using this method.

Plant early (June/July) whexssible. Weather conditions determine when soil can be prepared
and therefore when trees can be planted. Early planting reduces stress on young trees and allows the
roots to settle and recommence growth before shoot growth. Trees shoulddsn planted betw

and mid\ugust.

1 Late planting (Sept/Oct) affects first year performance due to stress on young trees because
after mid\ugust they need to produce roots and shoots at the same time. Shoot growth is

retarded, desiccation maybe a problem argbé®edn increase.

Dondt plant di seased,Onlheatty ge=githaare frebefobviousat ed tr
diseases, including crown gall, should be planted. Damaged trees or roots should be graded out and

treated / pruned.

1 Avoidusing desiccdteds. These trees can be rehydrated by placing ina running stream or

bath of water for no more than 24 hours.

Plant quality, balanced trees with good root systeEmsure that the trees delivered are what you
require for the training system.eliste@nsiderable variation, discuss this with the nurseryman and
consider regrading. Orchard uniformity is improved if similar sized and shaped trees are planted in the

same row.



1 Good nursery trees should have a complete, evenly distributed rthopleydieat w
fibrous roots. Australian nursery trees are often large with many fibrous roots removed. These

trees must be looked after to ensure good establishment.

T A medium sized tree with good fibrous roots should establish better inahneafisst year th

tree that has had its roots severely pruned.
1 Wherever possible plant virus tested trees.

Dondt put f er t i IMorsmeenmonium phosphate (MAR) is oftenruged dsal e .
planting hole amendment in replant orchards. If placed yocmgeciby systems can be burnt

and tree performance afféctezks can even die.

1 Iffertiliser requirements are correctly determined and applied as outlined previously, there
should be no need to use any fertiliser in the planting holesonkeriifig&ritrogen

would be better on top, after planting.

Planting depth and graft uniof®anting depth is influenced by soil type, budding height and

rootstock.
1 Shallow soils should be mounded to give a satisfactory soil depth.

T Some dwarfing apmetstocks are prone to burr knotting (especially M26) so graft unions
should be as close to the soil as possible but high enough to minimise scion rooting (5 to 10

cm).

1 Ensure that irrespective of rootstock, all graft unions are at a consistentecsgiit abov
A consistent height influences the uniformity of tree growth in the orchard. Hand planting

provides more consistency in planting depth than machine planting.
1 Up to two weeks after planting, trees planted too low should be carefully raised.

Ersure trees are adequately watdreat planting (hand, rain or irrigatdtl)s important to

exclude air pockets from around the roots of newly planted trees. This improves soil/root contact
reducing moisture stress on the tree and stimulatea®gaickén gry conditions or soils, all trees
should be watesedat planting.

Minimise all stress to treeéttention to detail and careful handling at all stages of planting improves

the chance of successful tree establishment.

9 During planting, enstinees are well protected from direct sunlight and wind, as desiccation at

this stage will damage the tree.

T Dondét plant into wet soils as growth wil!/
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Install an irrigation systen®@nce planted, itis important to prevent the rapidly growing new trees

experiencing any moisture stress.

1 Dwarfing apple rootstocks especially M9, Ottawa 3 and M26 have smaller, finer root systems
and are susceptible to moisture stress during establishment.

1 Itis therefore critical to have an irrigation system installed and operational as soon as possible
ater planting.

Install support systems, especially for dwarfing rootstdksd plays havoc with newly planted
trees.

1 Movement trketopsvill rock and break new roots.
9 Provide support for trees soon after planting to minimise root damage.

Use tenddoving care for your tree$he old strategy of treating young trees hard is totally
inappropriate for new-dighsity orchards.

1 Toensure yields and quick returns on capital invested, do everything to maximise growth and
minimise problems.

1 The firstovyears of a newly planted orchard are the most critical. Poor establishment or tree

performance in these years can negate the beigfitsnsiityplantings and substantially
reduce the net profit of the orchard for its entire life.

Dondt edeselittie ad ofterProper application of fertilis@t@néng negates the
need for large applications of fertiliser to young trees.

1 Young trees primarily require nitrogen for growth.

1 Nitrogen should be applied (to soil or fertigatellfregsent doses during the first two

seasons.

9 Large doses of nitrogen fertiliser will encourage excessive soft foliage growth and encourage

aphids and other $epding pests.

T Once trees begin cropping the soil/trees should be tested anplifextibasraafusted

according to test results.

Avoid moisture stresdirrigate carefully (light and frequefjoblems with moisture stress
cannot be over emphasised.

1 Smalltrees have small root systems so light frequent irrigations aredidquired to av
excessive soil wetting and drying.
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Keep young trees healthyThat temctelteden odb wae d wa e d
treelinereates several problems because bare earth is not healthy soil and fruit trees perform better in
healthy soils. Contienal wisdom suggests weeds compete with the trees for moisture and nutrients

and must be removed. However, most herbaceous weeds are colonisers of disturbed or impoverished
soil that is dominated by bacteria instead of beneficial mycorrhszathlogiséhestimulate

nitrogen fixing soil biota that assist recovery of the fungal biomass. Mycorrhizal fungi and the tree roots
form symbiotic relationships that enhance upta
encourage mycorrhigagji improve the overalbsmilversity aptdovide nectar that enhances

performance of parasitoid wasps preying on pests, should therefore be considered as beneficial species

rather than weeds.

91 Be careful with herbicide applications, they cary kibg®and some have unintended

sideeffects on beneficial insects and fungi.

1 Tree guards reduce damage caused by rabbits, hares and wallabies, and they protect young
green stems from herbicide but should be inspected for sheltering slugsr]sgaits, and h
bugs.

T Donét bury tree guards as moi sture trapped

Phytophthora.
9 Pay careful attention to the type of tree guard used with M26 rootstock to avoid burr knotting.

1 Prevent establishment of agriculturavaotmental weeds such as mallows, fat hen, dock,
thistles, bridal <creeper, i vy, wireweed, al
and harlequin bugs to bypass the tree trunk to access the canopy and therefore avoid butt
treatments desaghto trap, deter, or kill the pests,

1 Lowemgrowing herbaceous plants with nectar producing flowers encourage predators and
parasitoids that prey on pest species. Consider local native plants adapted to woodlands as

candidates.
Mulches may be used for moisture regulation and weed control.
T Avoid di sease, dondét place mulch too cl ose
1 Mulch can provide shelter to generalist predatory insects.
1 Mulch may attract hares, rabbits, rats and mice depending on thehtype of m
Grow the tree then cro@iavoid the temptation to overcrop early.

1 The quickestway to slow growth of a tree (particularly on dwarfing rootstocks) is to crop it.



1 A careful balance between crop load and yield is necessary to ensuretagieguhate shoo

in the firsttwo or three years.
1 M26 apple stock will stop growth if cropped too heavily too early.
Hand remove flowers and fruit in the first season.

9 For most training systems itis highly advisable to hand remove any fruit thett sets in the f

season after planting as it can significantly affect tree canopy development.
1 Avoid chemical thinners as they suppress tree growth.
Dondt negl eAttentiog to detaifhelpstoe@ckly establisbt@ilish) an orchard.
1 Neglect atts the viability of the business.
Pros and cons of netting
1 Netting an orchard block is an expensive venture.

9 Netting can improve returns by reducing or preventing crop damage from birds, fruit bats, hail,

wind and sunburn.

9 Costs of establishingmgitiepend on the type of netting system (mesh size, colour, strength,

support infrastructure, full exclusion vs open sided, etc.)

1 Full exclusion netting may reduce activity of beneficial species such as insectivorous birds,

microbats, and larger predatsegts such as hoverflies and wasps.
1 Netting may reduce fruit colour development.
1 Netting reduces transpiration and can lower irrigation requirements

1 Netting affects bee survival and may interfere with bee orientation durésgltiog/éning,
lower pollination. Raalfy netting is better for bees than full netting. The impact of full netting
can be reduced if the sides can be rolled up during flowering. This also allows access by other
pollinators and biocontrol agents. Redeicinber of days hives are under netting will

improve bee activity and survival. Practices that contract the flowering period are important

9 Care mustbe taken when spraying pesticides under nets prior to flowering. Dormant sprays of
copper sometimesdrifo nets and dehydrate to form a residue. If the next rain is during
blossom, or if blossom sprays wet the net, the copper can go back into solution, drip down and
damage flowers. Close to harvest sprays can dry on overhead netting, fak later and cau

residue problems



Step 4: Pest and disease management plan

T

Develop a pest and disease Action Plan, activity chart, and conduct appropriate

monitoring activities.
Purchase and install appropriate traps, sensors and weathersstatio

Identify pest and disease threshold levels (based on your experience, competence and
confidence) that are appropriate for the crop and that account for your ability to

respond with suitable interventions if necessary.
Record all monitoring results, yaiecisions and actions.
Assess damage levels regularly throughout season and at harvest.

Reassess plan for next season.

A Pest Management Plan

)l
)l

A pest management plan should be developed at the beginning of each season.

The plan should allow for centiregs and incorporate appropriate responses to all possible

scenarios so that you are not caught unprepared.

If you plan for the woeste scenario you can develop a monitoring program that provides

early warning of trouble brewing and take appotiometiereduce the risk of losses.
AUnexpectedd problems are the result of po

Taking the fieasy way outo by cal endar spr a:
i nappropriate times Ajust in twadiaee wi | | of
been anticipated if allowance for side effects had been factored into the planning phase.

Good planning means that you do not have to modify your plan because you have already

identified alternative tactics to employ.

A good plan is underpihby a comprehensive anekeglset of records from the current

and previous seasons.

Which blocks?

The first stage of adopting IPDM usually involves changing the type of pesticide sprays applied, so if

you are rishverse start small!

A welrun IPDMystem, like any pest management system, does not eliminate risk but because IPDM

uses many complementary tactics in a systems approach rather than relying on a single tactic of
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spraying pesticides the overall risk of failure is reduced. Im@dtrientkegPwing a new

variety or using a new-tr@@ingystem golanting a new block with a new variety on a new training

system. Rarely would an orchardist plant an entire orchard to a new variety on a new training system
without having had sonna gxperience with the variety or training system, in which case they are not
entirely new. They would normally start with a relatively small block in which they could develop their
knowledge, skill base, and expertise. Once they had gained dbaefglendagrsystem and the

potential of the variety they would then decide if further investment is warranted. The same holds true
for IPDM. There will be a transition phase during which you develop new knowledge, skills,
competencies, and confidertbe Bystem. You may reduce the number of spray applications for

some pesticides but initially increase others, such as specific biological products like codling moth
granulosis virus, while the biodiversity in your orchard increases and thegetdlplpealation

bel ow economic threshold | evel s. I't makes ser
ot her similar blocks in which you are using Yyc
comparisonyou at least need to monitor ahtheepest and disease incidence in your comparison

block (you will already be monitoring and recording what is happening in the IPDM block).

Most IPDM strategies work best on larger blocks or even across whole orchards and even regions.
Using a smal/l bl ock to start means that you dc
expand your comfort zone without the risk aatkdsstoess of doing the whole orchard at once.

As you gain confidence and start to implement IPDM across the whole orchard, pest and disease
control becomes easier.

Which pests are likely to cause problems?

The most effective way to manage pesteanddis to anticipate which ones are likely to cause a

problem and develop a range of tactics to deal with them. Make a list of the pests and diseases that
have been in your orchard over the last four seasons. Pests and diseases that lta&le caused finan
losses should be given priority, ranked according to the degree of loss, and considered as key pests to
be targeted. Investigate options for managing these key pests and prioritise tactics that are the least
disruptive to biological control agemsathhe present in your orchard or surrounding areas. If pests
have been present but haven6t caused | osses, t
secondary pests that are being controlled either by your current spray progieahcambybiolog

agents that have adapted to your spray program. Again, investigate options for managing these pests, i
their pest status increases, and prioritise those options that are less disruptive to biological control

agents.

Pest lists and statuswaity from block to block, orchard to orchard, and different regions. Block
differences are probably due to variety and microclimate differences. Orchard differences may be due tc



historic pest management and climatic differences. Regional difiteendas &weclimatic

differences and isolation.

Find out all you can about the pests and diseases that attack your orchard.
1 When can you expect them to occur?
T What do they |l ook |l ike (particularly early
1 When is the most effective time to control them?

The pest fact sheets in the following chapters provide this information for most common pests of

Australian apple and pear orchards, and information on biological and cultural control options.
Format of thelan.

The plan should be in wydthgrwise it is a dream that could turn into a nightmare. The written plan
should also be simple more sophisticated the plan becontessftaeibilityou havéo adapt

to changed circumstances and meet the objectives of the plan. The first stage of planning is to
understand the current situatidotetermine where you want to be and why. It is important to clearly

define the problem before you seek the #dkiaso critical at this stage to not limit your thoughts

to what can be achieved with your current resources. Once you clearly define the problem focus on
defining the solution. This becomes your objective and your missionis to achied@that objective.
perform your mission you need strategies and the tactics to be deployed for those strategies to work.
You are correctif this sounds to you like a battle plan. A simple format for your plan is a variation on the
SMEACS briefing format used by emengeaggment agencies.

1 Situationidentification of past, present and predicted situation

1 Missionsstatement of the mission as specific, measurable, achievable, relevant, time framed
objectives

1 Executionthe strategies or means of achieving the objectives

1 Administration & Logisticglentification of administrative and logistical support
arrangements

1 Command & CommunicatioWgho is responsible for what, and the communication

channels.
1 Safetyidentification of potential risks and hazards

An example is givon the next page.
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Example Action Plan in SMEACS format

Situation:

Codling moth, black spot and lightbrown apple moth (LBAM) are under control. Mating disruption is
used for codling moth control but no trapping is used to monitor codling s1a@fanapylation

used as a thinner has apparently controlled LBAM, looper, and Heliothis (Helicoverpa). Trials on
predators for t@potted mite are underway. Aim isto try to minimise use of pesticides. The case study
block is fully netted using 16mm mewsoiimehas been used against apple dimpling bug (ADB) and
wooly apple aphid (WAA). Transform may be causing mite issues and may also have impacted on
Aphelinus mabpulations.

Mission:

To capitalise on the low pest and disease populations antudtiemigdiace pesticide use while
maintaining effective control and confidence inthe approach being taken.

Execution:

Establish codling moth and LBAM traps to determine population levels and monitor trends
Monitor weather trends, espeui@igment of fronts from the channel country in QId, as
indicators of potential ADB incursions during pink bud to full bloom

1 Develop some plots, within the orchard, inwhich Transform is not used. Compare populations
of pest and beneficial species, argjeldavels, in these plots against what is experienced
in the treated plots.

1 Monitor budworm and looper activity from pink bud through to 2 weeks after petal fall. Initially
look for budworm adults around lights as an indicator, and check flowersffeggeese

1 Install a weather station in the block so that temperature and leaf wetness data and trapping

results can be used in a predictive model to guide the need for sprays
Administration:

1 Fred and agronomist to organise experimental plotriegieets
9 Agriculture Victoria to supply pest prediction program
1 Askan expert facility in IPDM website for additional support and expertise



Communications:

Fred mobile Overall supervision

John mobile Spraying operations

Agronomist mobile Triadesign, monitoring, chemical advice

IPDM Website www.extensionaus.com.au/australianappleandpearlPL
Safety:

1 Experiments can be stressful but no useful results will occur unless the participants maintain
their nerve. Stress can be reduced by seingteegets that stretch comfort zones
without creating major financial risks

1 Use of prediction models based on local data will provide early indications of potential danger

periods
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Chapter 3: Key pests and diseases, Hotivity
periods, and monitoring methods

IPDM Quick Facts

The key pests and diseases in the eastern states and South Australia are:

1 Codling motBydia pomonella

1 Queensland fruitBlctrocera trypni

1 Lightbrown apple mBgiphyas postvittana

1 Apple inpling bugCampylomma liebknewrhthe mainlamdiastama punctaticaflis

Tasmania),

=

Apple scalWenturia inequabis apples,

Pear scalWenturia piriaad blossom bl&steudomonas syringasyringaen pears.
In Western Australia the key pemtd diseases are:

Mediterranean fruiCiéyatitis capitata
Western fruit m&hiphyas pulla
Lightbrown apple moth,

=A =A =4 =

Pear scab,

1 Powdery mildé&®wodosphaera leucotricha.
Emerging problems are:

1 Apple scab in Western Australia

1 Alternaria (several species) in Queensland, New South Wales, and Western Australia.

Key pests that evolved with their host plant hetireity periods closely aligned to susceptible life
stages of the host plant.

Some nati insects that did not evolve with apples or pears have become kéy pests

broadening their host range.

Secondary pest outbreaks arise astanget impacts from treating key pests with pesticides
that also kill predators and parasitoids that weréhkesggngdary pests under control.



Fungicides are generally not directly toxic to invertebrate biocontrolagemizy have

sublethal fecundity effects and may also impact on beneficial fungi inthe soil beneath the trees.

Some minor problems may in@eéemporarily in importance while populations of biocontrol
agentsrecovind fAecol ogi cal bal anced is restored.

There are many nguesticidal options to manage these minor problems.

Monitoring the populations of pests, diseases, weeds, and benegfa@rasuch as
predators and parasitoid wasps is an important component of implementing integrated pest, disease

and weed management in orchards. It does not need to be onerous or time consuming.

Standardised monitoring and record keeplhayvs advisors to more easily interpret and compare

what is happening in your orchard
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Key pests

Key pests and diseases are those that are the primary targets of management programs. They are
usually pests and diseases that directly attack thé) er@pr@quire management each season.

Their economic importance may relate to their potential to cause damage if not appropriately managed,
and/ or their status as quarantine pests for interstate or export markets. The control measures applied
against tlse pests and diseases drive choices for management of most other pests and diseases due

to nortarget impacts of the treatments applied against the key pests and -thsgas@sJdots,

such as killing biological agents that otherwise are oth@rgdkeats, commonly cause secondary

pest outbreaks that then require pesticide applications to prevent damage to the trees and the quality of

the crop.

The key pests and diseases in the eastern states are cQjidig ponttonel@ueensland fruit
flyBactrocera tryphghtbrown apple niggiphyas postvittappple dimpling bGgufhpylomma
liebknechtin the mainlamdiastama punctaticafliBasmania), apple s¢abturia inequadis

apples, pear scdbnturia piriaad blossom bl&sgeudowwnas syringge.syringaen pears. In
Western Australiathe key pests and diseases are MediterraGeeatifrsic flyitatd/estern fruit
motHEpiphyas pulliéightbrown apple moth, pear scab, and powdeBodufpdwera leucotricha.
Apple scals an emerging problem in Western Australiaand Alternaria (several species) is an
emerging problem in Queensland, New South Wales, and Western Australia.

Pesticides currently used against the fruit flies and moth species listed above ardhmaiore specific in
action than the organophosphates and carbamates used in the past but most still have either direct
toxicity or sublethal effects, such as causing reduced fecundity, to a range of biological control agents
that would otherwise be active in theleréhegicides are generally not directly toxic to invertebrate
biocontrol agents but may have sublethal fecundity effects and may also impact on beneficial fungi in
the soil beneath the trees. See Chémtdurther details.

As options for managingksts and diseases evolve and IPDM is adopted some currently minor
problems may increase temporarily in importance while populations of biocontrol agents recover and
fecol ogi cal bal anc e éesticislal aptorss toonanage thesEiher e ar e me
problems.

Activity periods for key pests

Key pests that evolved with their host plant have activity periods closely aligned to susceptible life
stages of the host plant. For example, codling moth overwinters as diapausing (hibernating) larvae in
cocoas under the bark on the lower trunk of the tree. In spring when the host tree starts to flower the
diapausing codling moth larvae start to form pupae and then emerge as adult moths ready to mate and
lay eggs on the newly developing fruit. Europeagsftet fdad on the tree leaves overwinter as

eggs around the buds. When the tree starts to break dormancy and the leaf buds start to open the mite
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eggs respond to the changed weather conditions and start to hatch and the nymphs move to the newly
unfoldinteaves where they feed. In both examples the pest responds to climatic cues in similar ways to
the host tree. The timing of those cues varies between fruit growing regions, so the following activity
charts only show the host tree growth stage rdtleed#itas or months at which they occur.

Different apple varieties have their own climatic triggers governing their growth stages and some flower
later than others and the fruit on some mature earlier than others. The same holds for pears. Key pests
that golved with the hosts haleiilbsafety measures that ensure that their populations emerge over

a broad time period to ensure that at least some will always find the host in a suitable stage for the pest
to completeits life cycle. Some key pests Isgiathr@wn apple moth (LBAM) and western fruit moth

(WFM) are native insects that did not evolve with apples or pears but took advantage of the new plants
as hosts. LBAM/WFM dtilise alternative hosts when the apple and pear trees are dormant, so
LBAM/WFHttivity periods are not so well tuned to the apple and pear trees.

Activity periods for key apple peatsl diseases

Key Pest/ | Dormant | Greentip | Pink bud | Blossom

Disease

Fruiting After
Harvest

Apple
dimpling bug

Apple scab
Codlingnoth

LBAM/WFM

Budworm

QFly
Medfly

Alternaria

P.mildew

Colour code

Monitor alternative hos Active

Orchard hygiene to reduce inoculu

Often symptomless




Activity periods for key peaestsand diseases:

Key Pest/ | Dormant | Greentip | White bud| Blossom Fruiting After
Disease Harvest

Pear scab

Codling mot

LBAM/WFM

Budworm

QFly

Medfly

Blossom
blast

Monitor alternative hos Active

Colour code
Hibernating

Often symptomless Orchard hygiene to reduce inoculu

More detail is provided inthe sections for each pest or disease.



Pest and Disease Monitoring methods for apple anorpleards

Monitoring the populations of pests, diseases, weeds, and beneficial organisms such as predators and
parasitoid wasps is an important component of implementing integrated pest, disease and wee

management in orchards. It does not need to be onerous or time consuming.

The methods outlined below provide guidelines (other than trapping) that should be read in conjunction
with thenonitoring calendad thenonitoring record shddse of thegmidelines will help to

standardise record keeping and allow advisors to more easily interpret and compare what is happening
in your orchard. Not all the listed pests or diseases will be present in your orchard, region, or state. The)

have been includedltow national applicability of the information.
Deciding on where to sample in your orchard.

Modern plantings commonly use trellised trees that are closely planted within the rows. However, there
are many productive orchards that were establisbestanthirig trees at wider spacings. In the

foll owing text the term fitreed is interchangescs
is not easy to move around each individual tree and a single side of a typical 101 panel of trellis

roughly equivalent to the circumference-efamtfieg tree planted aé4spacing within the row.

Most orchards have discrete blocks that are capable of being treated as management units. It is
recommended that each block is sampled indegerallal for differences in+olionate,

varieties, age, and history from previous seasons. How many blocks you sample is up to you but the
results from each block should be recorded on separate worksheets.

Within a block it is preferable to ssecitrandom each time you conduct monitoring, except for

trees in which you place an insect trap. The trees holding your traps should be considered as separate
to your monitoring trees. Random sampling gives each tree an equal chance of Heing selected an
ensures that over time a representative sample of the entire bfcigk isataipde trees selected

randomly each time is sufficient if you monitor each \weégkmportant to remember that these

trees are samples and that, as you walk fsampmedree to another, you should develop

situational awareness to notice if your sampling results reflect your overall impression of the tree health
in the block.

Suggested monitoring methods

There are 4 general categories of sampling based orbtheesasakcted at random each date
that you conduct monitoring. These have been designed to allow monitoring of multiple pests or

diseases with the one sample and are:

1 20 flower clusters (4 clusters x 5 locations on the tree) per tree.
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1
T

1-minutenspections per tree.
10 randomly selected leaves per tree

100 randomly inspected fruit per tree.

You do not need to use all 4 categories each time you monitor. For example, flower clusters are only

inspected from pink bud to petal fall andftbé §Pections are only conductedamigry, late

February or early March, and inthe week before harvest.

20 Flower clusters/ tree to monitor Apple Dimpling Bug (ADB) and Thrips

T

= =4 =4 =

Place a whitedllitre plastic container, similar toareare containenderneath a shoot
with at least 4 flower clusters immediately above the container.

Tap the clusters from above with yourhante8 in quick succession.
Count and record the number of bugs caught inthe container.
Do this in five different locaiioeach of the sample trees.

The bugs will be more active in warmer weather and could fly out of the container, soitis

preferable to do this sampling in the morning.

Thrips will also be dislodged into the container using this technique, smdlsolobk for

thrips. If thrips are present and Western Flower Thrips (WFT) are known to be present in your
district you can collect some of the thrips into a specimen jar so that you can have them
identified later.

Flower tapping is only conducted betaleemapiples, or finger bud in pears, and petal fall.
However, if Western Flower Thrips are identified in your samples you should continue to
monitor throughout the growing season by using blue sticky traps to indicate if the thrips build
up as the fruittares. Feeding and-keygng by WFT at this stage will cause russet on

pears and pansy spot on apples.

The same technique can be used to assess the resident population of ADB in surrounding
areas prior to flowering of your fruit trees. Wattles da heddi@adsides, and flowering
ornamentals in gardens can be checked but you need to be able to distinguish ADB from

psyllids on wattles.



I-minute inspection/tree

As you spermheminutevalking around a tree, or along a panel of trellised traes reoard the
number of Budworm (Heliothis), Looper, Pear Slug, Lightborown Apple Moth (LBAM) larvae, weevils, anc
mealybugs you see. During the same inspection look for:

1 presence of diseases such as Scab, Powdery Mildew, and Alternaria on leades and Fruit
Bitter Rot on fruit.
1 Presence of Lacewings, Hoverflies, and Ladybirds

You can use the same sample to score the severity of Woolly Apple Aphid (WAA) infestations using the

following scoring system:

0= nil WAA colonies observed

1= tracénfestation (<5 small colonies)

2= light infestation (>5<10% of tree)

3= moderate infestation (>10<25% of tree with large colonies)
The same scoring system can be used to indicate the level of parasitised Woolly Apple Aphid colonies.
10 leaves/tree

Thigechnique is used to determine the % leaves infested by mites and their predators, as well as
Leafhoppers/ Canary Fly and Mealybug crawlers.

1 If TweSpotted Mites (TSM) are the main pest mite in the orchard 10 leaves can be randomly

selected from aboutl&n above ground from the inner canopy.
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If European Red Mite (ERM) or Bryobia mite are the dominant species then sampling should
start at first bloom on pears or pink on apples, and leaves should initially be sampled from the

outer parts of the canopy.

If TSM and ERM/Bryobia are preseniehésHimple should include leaves from both the

inner and outer canopy.

There is no need to count the number of mites or eggs per leaf. A simple presence/absence for

each leaf is sufficient.

The number of leaveth mites present can be converted to % leaves infested which in turn

can be used to calculate the cumulatinfetgatl days throughout the season.

The mostimportant consideration is not the number of mites per leaf, because the level of
damage depds more on the % of infested leaves and how long they have been infested.

Presence/absence of predators can be scored using the same system and the same leaves

used to score mites.

100 randomly inspected fruit/tree

)l
)l
T

Randomly select 100 fruit, startirpeé¢ap of the canopy and working downwards.
For frestanding trees inspect 25 fruit from each of 4 sides of the tree.
For trellised trees inspect 25 fruit from each of 4 trees within a panel.

The fruit do not need to be picked but should bensaefteély without excessive lifting or
twisting that would dislodge the fruit.

Simply record presence or absence of the target damage for each fruit and then calculate the
% damage attributed to each pest or disease.

Fruit damage assessments shoubthdbected in midnuary (after natural fruit drop), one
week before harvest of early varieties harvested in February or intzdy-elandry

for later varieties, and for late varieties again about a week before harvest.

Codling moth damaged ftetted in these samples can be removed from the tree and
carefully cut open to collect the larvae if they are still present.

The age of the larva can be determined by measuring the width, and noting the colour (black or
brown), of the head capsulentifidihe larval instar.

Once the instar is determined, reference to a development chart (see table below) will indicate
how many degréays ago the larva hatched from the egg.



1 Degrealays (DD) are insect growth units which can be approximatehgysibiveer
developmental threshold (the temperature below which the insect stop€ doowing = 10
codling moth) from the average temperature (maximum + minimum temperature divided by 2)

for the day and adding the results for each day.

Codlingmoth larval | Approx. head widt Head capsule | DD from egg hatcl
Instar (mm) colour
I 0.3 Black 088
Il 0.5 Brown 84151
11 0.8 Brown 125216
\Y 1.25 Black 205363
\% 1.6 Brown 248452

1 Knowing the approximate age of the caterpillar alladentiyuien the egg hatched,
which in turn allows you to check trapping results and spray dates for discrepancies that
suggest either the traps are not working or there was a failure in the spray program (e.g.
missed spray, poor choice of chemicsséjblepesistance).
Trapping

Inspection of leaves and fruit detects presence of the damaging stages of pests and diseases. Traps
can be used to detect and attempt to quantify adult insect populations. A wide variety of traps, lures and

deployment protocstsst.

1 Pheromone traps use a synthetic version of the scent (pheromone) that insects use to attract

mates. Moth sex pheromones are produced by female moths and attract males.
1 Many beetles produce aggregation pheromones that attract both sexes.

1 Sometimdke capture of insects in pheromone traps is enhanced by using a combination of

pheromone and host plant volatile chemicals.

9 Itis important to know what lure or combination of lures is being used because some only

attract males, others attract onliefeamal some combinations attract both sexes.

9 Comparison of results from different traps is very difficult if the type of lure is not taken into

consideration.

There are several designs for traps.
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1 Pheromone traps for codling moth, oriental fruid mgittoramvn apple moth are usually
either delta traps or wing traps, whereas trapstfappiagof Carpophilus beetles are
funnel traps and there are several trap designs for fruit flies.

9 The design of the traps influences the shape of theepplerommemanating from the trap,
affects the behaviour of the insect approaching the trap and its ability to enter and be retained
by the trap.

9 The number of insects captured per trap per week is often used as an action threshold.to
initiate spraying. #&ternative may be the cumulative number of insects trapped.

1 Care mustbe taken when using thresholds developed fréuneooentitzipation as a
threshold for a different combination or even the same lure in a different trap design.

1 Trap placement witthe canopy, trapping density (number of traps per hectare), and layout
of trapping grids also affect the number of insects captured inindividual traps, so thresholds
developed for traps at different heights or densities or grid layouts stubuwiil dxsavoide
some form of calibration is provided, or you have undertaken your own calibration studies.

Trap results can also be used as inputs to prediction programs (phenology models) that forecast when
to expect critical life stages will begin. Mothrcappgean be used to set biofix dates that initiate
calculation of degree days. These are explained in chapters related to individual insects for which
phenology models are available. Take care when selecting models developed in other countries
becaus¢he outputs from some are based on Fahrenheit temperatures and need to be converted to
degree days calculated from Celsius temperatures for use in Australia.
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Chapter 4: Biosecurity and potential incursions of
new pests

IPDMquick facts

1 Apple and pear growers benefit from the biological web working behind the scenes to manage
their existing pests and diseases as part of the IPM program.

1 This biological web can be disrupted by incursions of new pests and diseasee and poor choic
of pesticides in response to the incursions.

1 Attempts to eradicate or contain an incursion often involve use of pesticides that may be new
to the orchard, or even Australia, and could have long term detrimental effects on biological

control agents.

1 The iskstoIPM programs can be addressed by implementing biosecurity measures that
reduce the risk of incursions occurring and improving the chances of detecting an incursionin
its early stages.

T The ALook. Be Al ert . hhtHealth AustBakaprevidésd pr ogr
simple biosecurity measures for adoption by growers.

1 Unusual observations should be reported to the Plant Pest Hotline 1800 084 881.

1 Orchard pest monitoring scouts should be made aware of the priority pests @ad diseases list
in this chapter and the Apple and Pear industry Biosecurity Plan, and strongly encouraged to
collectand report any suspect new pests or diseases to experts for prompt identification. See
www.planthealthaustralia.com.au/biosecurity/memegiement/plantpfanfurther

information
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http://www.planthealthaustralia.com.au/biosecurity/incursion-management/plantplan/

Background

The sustained program of pest and disease management research and development supported by the
Australian gfe and pear industry generated a better understanding of the interactions occurring in the
orchard and how they impacton crop quality and productivity. This is integral to better adoption of IPDV
because past research often focussed on integraiiafjduotag of an individual pest species into

the pesticigdominated program for controlling the broader pest and disease complexes attacking
crops. There is now a suite of biological, agronomic, astigleaisiools available to help

growers dealith the interactive biological web of pests, diseases, weeds, and biological control agents
existing in their orchards. This biological web could be damaged by responses required to deal with an
incursion of a new pest or disease. The most likedg regplwesefforts to contain and eliminate

the new pest, disease or weed. These initial efforts often include quarantining infested properties,
destruction of host trees, and spraying pesticides to kill the invader. If the invader is new to Australia
thee will be no chemicals registered to control it, but some of the registered products used against
other pests may be known to kill itin other countries and could be used undelabetergency off

permits in Australia. The change in pesticide usage gatiesof pesticide may cause major

disruption to current IPDM programs. The same may happen if the invader comes from another region
of Australia. Either way, the introduction of new pests, diseases, or weeds has potential to affect fruit
productiomlomestic and export market access, and impact on orchard finances and the environment.

The ability to detect new pests, weeds and diseases in Australiais important for early response to
incursions that threaten food security, economic viabilitySantgtiaggortant exotic pests, such

as brown marmorated stinklalyyppmorpha halge not rely on transport of host material but instead
may be transported in shipping containers full of machinery parts. Active surveillance programs are
conducted usingfocols agreed between governments and usually with industry support.

Apple and Pear Australia Ltd (APAL) represents the apple and pear industry as a member of Plant
Health Australia (PHA), an organisation established to work with industry and government

coordination, development and implementation of plant health policies and management programs that
i mprove Australiads response to outbreaks of
through PHA helps industry and government iderdlfpgsitant] disease threats to the fruit

industry, develop risk assessments to prioritise action, and protocols to reduce the probability of the
pests and diseases reaching and establishing in Australia.

Increased volumes of imported goods, travedles, munailzlimate change are putting pressure on

traditional surveillance programs for detecting incursions. Advances in technology, and constraints on
government spending, have generated opportunities to expand the range of sources accessibleina
more fieible approach to collection of surveillance data. This general surveillance activity is attractive to
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governments but also has pitfalls that need to be managed. The quality of collected data is important
and the use, or misuse, of social media itintdibe information either deliberately or innocently

through misidentification must be addressed in any citizen science approach to ensure quality of data.
PHA runs a biosecurity awareness program O6Look
awareness of simple biosecurity measures and the importance of early notification of unusual
observations to the Plant Pest Hotline (1800 084 881) so that incursions can be identified and quickly
addressed.

The Emergency Plant Pest Response Deed (E& Rigal)document binding PHA, the Australian
Government, all state and territory governments and national plant industry bodies with respect to
management of responses to emergency plant pest incidents. PLANTPLAN is the technical response
plan that supp® EPPRD and is regularly updated to ensure best practice in emergency plant pest

responses. Individual industry biosecurity planning covers industry and pest specific information, risk

mitigation activities and contingency plamsvSeenthealthaustralia.com.au/biosecurityfincursion

management/plantpfanfurther information.

Onfarm monitoring of existing pests, diseases and weeds can beetsidoi dsegerity

surveillance data purposes if the people doing the monitoring are curious enough to seek identification
of organisms outside the list required for normal monitoring duties. This chapter provides information on
exotic pests and diseastslias priorities inindustry biosecurity plans. Orchard pest monitoring

scouts should be made aware of these priority pests and diseases and strongly encouraged to collect

any unusual specimens for identification by experts.
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The current Apple &wehr priority pests and diseases are:

Apple brown rot  Brown headed leaf Green headed leaf Pear fruit moth

roller roller
Apple maggot Brown marmorated Obligque banded leaf Pear psyllid
stink bug roller
Apple proliferation Cedar apple rust Omnivorous leaf roll¢ Plum curculio
Asian gypsy moth European canker Orange tortrix Rosy apple aphid
Black stem blight Fire blight Oriental fruit fly Spotted wing

drosophila




Apple brown ra¥lonilinia fructigena

Apple brown rot is related to the brown rdttiomidjnga fructictilat attacks stone fruit in Australia.
In Europe it causes losses up to 35% in apples during warm humid periods. It is found in Europe, Asia,
North Africaand parts of South America.

Appearance

1 Infected fruit (apples and pears) develop spreading firm brown spots that create rotting areas
that are normally surrounded by small, raisaearhispots (conidial pustules) often in
concentric circles.

Entire fruit can be rotten and cangpasdtules and then becomes mummified.
The mummies tend to stay on the tree but sometimes rotten fruit falls to the ground before it
has mummified.

9 The infection can spread to stems and cause twigs to blight and develop cankers. Leaves on
the twig may dgark brown and stay attached instead of dropping.

1 Healthy fruit can be infected with spores near harvest and decay during storage and marketing.
Spread

The pathogen can be spread with infected plant material, fruit to fruit contact withioréise tree, and sp

can be spread by wind and rain.
Could be confused with:

1 Other brown rots present in Australia

9 Blighted twigs look superficially like those csmdaibsnonas syringagears
If in doubtall thé=xotic Plant Pest Hotline 1800 08Zaf84eek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Apple maggdRhagolletis pomonella

One of North Americads motattacks applas, dawshorfi,and i t f | i €
a range of stone fruits. It is native to nedstern USA and southern Canada but has spread

throughout the eastern, central, southern and western United States and has a restricted

distribution in Mexico.

Appearance

9 Adult flies have distinctive zig zag black bands on clear wings, a black abdomen with light
crossbands (3 for males and 4 for females), a pronounced white spot on the back of the thorax,
a wingspan about 10mm, and are similar in size tMéxdi{yand

1 Apple maggot in northern parts of its range normally has only one generation a year, emerging
as sexually immature adult flies in summer. These sexually immature flies feed on honeydew
produced by aphids, psyllids and scale insects for abbtef@eveecoming ready to
mate.

1 Larvae are typical fruit fly larvae, cream coloured with a blunt posterior and tapered front end
containing two black mouth hooks.

1 Larvae infesting fruit grow up to 10mm long before the fruit drops to the ground where the
larvae leave the fruit and burr@®025m into the ground, moultand then quickly moult
again to form a pupa that usually enters diapause that allows itto overwinter.

1 In warmer parts of its range there may be a partial second generation.



Spread

M

T

Newlyemerged sexually immature flies disperse throughout the orchard and surrounding
vegetation seeking the honeydew they need to become mature enough to mate.

Like other fruit flies it is spread long distances by transport of dofeatathér@ggs and
larvae.

Pupae can be transferred in contaminated soil.

Could be confused with

T
T

Damage to fruit looks like that caused by Qfly and Medfly.

Larvae are look like other fruit fly maggots and require specialist examinationto confirm their
identity or have to be reared out to adults (which is difficult because they may enter diapause
as pupae and then require prolonged chilling followed by warmth before they emerge as
adults).

Adult flies can be distinguished from other small flies loyatiencoihzig zag bands on

the wings and the pronounced white spot on their back. If wing pattern alone is used for
diagnosis care needs to be exercised so that apple maggot is not confused with Medfly and
signal flies (Platystomatidae) existing ihaAustra

If in doubtall thé=xotic Plant Pest Hotline 1800 08Zaf81seek expert diagnostic advice

Further information

See the PHA websitew.planthealthaustralia.com.au
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Apple proliferation

This dis#se caused by a phytoplasma is a serious disease of apples, with Golden Delicious and

Starking being amongst the most susceptible cultivars.
Appearance

Early emergence of leaves that are small, chlorotic, and have irregular serrations.

1

1 Infected leaves prod large stipules at their bases.

1 Delayed flowering with deformed flower parts that may resemble leaves.
1

Premature devel opment of axillary buds pr o

by proliferation of secondary shoots on top of mairssinowter.

=

Poor fruit set and small, incompletely coloured, poorly flavoured fruit.

Trees lack vigour, have thin shoots andmemldisbark, and leaves are more susceptible
to powdery mildew.

Root systems compact.

Autumn leaves develop early and veayihaor purplish red colour.

Severe infections Kkill trees.
Spread

Leafhoppers are suspected as vectors
Phytoplasma can be spread between trees by grafting

Control

1

1

1

I Use resistant rootstocks.

1 Use clean plant material for grafting.
1

Check tregggularly and report unusual symptoms.
1 Early detection improves probability of eradication.

Could be confused with

Witchesd brooms occur in other plant species
attack, and infection by viruses or aémytagl It is therefore important to have unusual symptoms
checked by a specialist plant disease diagnostician to identify the cause.

If in doubtall thé=xotic Plant Pest Hotline 1800 084af81seek expert diagnostic advice
Further information

See the RA websiteww.planthealthaustralia.com.au
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Asian gypsy mothymantria dispar

Asian gypsy moth larvae feed on foliage of more than 650 plant species, causing heavy defoliation ofter
leading to deathtbe host plant. As the name suggests it originated in Asiaand is present in Russia,
China, Korea and Japan. There have been several incursions into North America over the last 30 years

and an incursion into New Zealand in 2003 was eradicated.
Appearance

1 Male moths have a48nm
wingspan with greylsbwn wings
that have darker wavy lines. Fe
moths are larger than males, wit
wingspan of Z0mm and white
wings that have grey markings.

Male (bottom) and female (top) Gypsy moth adults

1 Eggs are laid in larg&athm x
1020mm yellow or tarzfaovered &

egg masses on tree trunks, rocks,
outdoor furniture, machinery,

buildings and other solid objects

N7y AR Yl
Large numbers of eggs masses can be found on trees or other
solid objects

1 Larvae are covered in long hairs
and have variable colour but whé
mature have a distinctive double
row of 4 pairs of blue spots on t
back followed by six pairs of red

spots.

Hairy larvae showing distinctive blue and red spots

5¢



1 Feeding damage and defoliation becomes evident and webbing may be present as infestations

increase.
Spread

Adults are strong fliers that may travel up to 40km before mating.
Young | arvae can di sperse sever al kil ometr
wind.

1 Eggs attached to nursery stock, vehicles and machinery, transport containers and equipment
can be transported long distances.

Could be confused with

1 Painted ggbe motrgyia anartoidasd painted pine ndtigyia austraiise Australian
native species in the same family (Erebidae) as Asian gypsy moth and have hairy egg masses
that are not as large or abundant as those of Asian gypsy moth. Theinjdwiadare hai
not have the distinctive red and blue spots of the gypsy moth larvae.

1 Any moth, caterpillar or egg mass that appears to match the description of Asian gypsy moth

should be referred to an expert for identification.
If in doubtall théxotic PlanPest Hotline 1800 084 aadl seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Black stem blight

Black stem blight, or Asian pear blight, is a disease of Riagsli peafolad European pear
Pyrus commuiaused by the bacterimminia pyrifoli&evere losses in production in Korean
pear orchards have been reported.

Appearance

T Symptoms ilucle black to brown stripes in leaf midribs, dark brown leaf spot and necrotic
petioles.

1 Necrosis can occur on entire branches, blossoms and fruitlets across large parts of the tree.
Spread

1 Unknown but may be carried by honeybees.

1 Likely distributed wifle¢ted plant material
Could be confused with

Fireblight causedHyinia amylovora
Morphological, biochemical and molecular characteristics can be used by experts to distinguish
betweerk. pyrifolisdE. Amylovara
1 E. pyrifolideas a narrower host range (Nashi and European peantiamof(pome
fruit and ornamentals).
1 Blossomlaston pears caused®bgudomonas syringasyringae

If in doubtall théxotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Brown headed leaf roller (BHLR) complex

There are two speci#snopseustis obliquandC. heranaithin the broweaded leafroller

complex that are indistinguishadgdpearance of all stages but are identifiable using genetic

markers. They are native to New Zealand where they feed on more than 20 families of plants, including
important horticultural species such as pome and stone fruit, grapes, and bieardeatars] In

there are-8 overlapping generations per year and moths are common in November through March,

corresponding with the pome fruit growing season.
Appearance

1 Adults are mothdBnm long. Females have a wingspam@0and male wingspanis 17
24mm. Both sexes have walnut-tmawmish grey forewings with darker markings forming
variable patterns, and pale brown mottled hindwings.

1 The forewings are sometimasih&ovith females having a dark obliqgue mark halfway down
the edge of each fongwiMales have an additional dark transverse stripe extending to half

the length of the forewing.

www.padil.gov.au/pesiddiseases/pest/main/136268

1 Female moths lay up toetg® in a smooth egg mass.

1 Earlyinstar larvae have a black head and prothoracic shield (the collar behind the head), and
often settle close to the main veins on the lower leaf surface of shoot tips and new growth
leaves where they construct silk fekeliteys that cause the leaf surfaces to roll together,
or two leaves are webbed together.

1 Some larvae settle inthe fruit calyx of apples where to only sign of their presence is the fine
silk webbing.

9 Later instar larvae migrate from settlement siteatennew feeding shelters by rolling
leaves, webbing two leaves together or webbing a leaf onto a fruit, where they feed on all
surfaces except the main veins. This damage is very close in appearance to that caused by
LBAMEpiphyas postvittaaad grerheaded leaf rollePsgnotortrspp.).

Spread

9 Their dispersal ability is similar to that of LBAM and they can be transported as egg masses,

larvae, or pupae on infested fruit and other plant material.
Could be confused with

9 The moths could be confused with LBAM.
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1 The larvaein their feeding shelters could be confused with other leafrollers unless careful
attention is paid to the head and body colour, especially sincein New Zealand they are often
found in association withMLBA

If in doubtall thé=xotic Plant Pest Hotline 1800 084af81seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Brown marmorated stink bdglyomorpha halys

This stink bug from eastern Asia (China, Japan, Taiwan) is a serious pest of agriculture in North
Americaand Europe where it has also become a considerable nuisance pest by overwintering in large

numbers in hges and other buildings.
Appearance

9 Brown marmorated stink bug (BMSB) aduHk/anenlang mottieown coloured, shield
shaped stink bugs with distinctive black and white banding around the outer edge the
abdomen. They attack at least 300 plantispkalewy nuts, fruit crops, vegetables and
ornamentals.

They are sucking pests whose piercing mouth parts and saliva damages plant tissues.

The 1.6mm long barrel shaped light green to cream coloured eggs are laid-BOclusters of 25
eggs on the undeies of leaves and turn a yellamge colour as they get closer to

hatching.

1 Nymphs undergo 5 nymphal instars as they grow from 3mm to 12mm long and change from
orange and black firstinstar nymphs to mottled brown fifth instar nymphs thiarlook like smal
versions of the adult but with wing buds instead of full wings.

1 The nymphs cause the most damage with feeding damage on fruit causing sunken areas and

corky spots, and premature fruit drop.
Spread

1 BMSB spread locally by flight but longer distands fmiéitated by khiing in cargo
containers and the cargo itself, and even personal luggage.

1 Recent detections in Australia have been in loads of bricks and electrical goods, and
shipments of machinery parts.

1 They are mostlikely to be in shtpm@rriving in Australia during the northern hemisphere

late autummnvinter period which coincides withspringer in Australia.
Could be confused with

1 All stages of BMSB can be confused with those of several native brown coloured stinkbugs in

Austrah. Adult BMSB have distinctive white bands on the last two antennal segments.



Adult

Steven Valley, Oregon Departrnent of Agriculure, Sugwood.oeg

Nymph

Steven Valey, Oregun Department of Agriculuee, Bugwaod og

s W
Eggs and nymphs

Dod R Larcs, USDA APHIS PRQ, Bugwood ovg

If in doubtall thé=xotic Plant Pest Hotline 1800 08Zaf81seek expert diagnostic advice

Further informatiarsee the PHA websitew.planthealthaustralia.com.au
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Cedar apple ru€bymnosporangium juniperrginianae

This fungus requires both Juniperus and apple trees to be in close proximity for the fungus to complete
its life cye. Although the disease it causes is called Cedar apple rust tiemnigenusost,
virginianecommonly called red cedar, eastern red cedar, pencil cedar, aromatic cedar, and Virginia
juniper) is not a true cedar but is a member of the Cyptrgudasibeae. Cedar apple rust is

currently restricted to North America.
Appearance

Symptoms vary depending on the host species and life stage of the fungus.
The primary host is eastern redh@dgerus virginiamawhich it causes galls called
cedar apples on twigs and branches.

9 The galls produce fiddes protrusions that contain teliospores that are released by rain.
These teliospores germinate to produce a basidium that in turn produces basidiospores that
cannot infect the primary host and are blown by wind to nearby secondary hosts such as apple
trees where they germinate and cause smaitsetjevesions on the upper surface of
leaves and petioles.

1 A few weeks later the infection causes smdigwhadufts or spore producing pustules to
break out on the lower surface of the leaf. The aeciospores released from the pustules
disperse viawind or insects back to the primary host species where they germinate and
ultimately complete the life cycletiyrig the primary host.

Infected stems may also show swellings and young fruit may abort.
The more common symptoms on fruit are slightly raised borghiggdibsions that turn

brown and crack as the fruit enlarges.

Initial symptoms include bright yellow-orange lesions on leaves



» A

Rust lesions develop on both leaves and fruit

Spread

1 Transport of appéaves and fruit can spread the fungus.
1 The mostcommon means of spread is movement dbimfestelvirginianaterial.

Could be confused with

1 There are several species of Gymnosporangium infecting Juniperus that include Malus species
(apples, crapples) as one of the secondary hosts.

1 Symptoms on apple trees could be confused for bacterial and other fungal diseases but
presence of the yetlwwawn tufts or spore producing pustules distinguish Cedar apple rust.

If in doubtall thé&xotic Plant Pst Hotline 1800 084 &tid seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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European cankédeonectria ditissim@aynN.galligenpa

The causal agent of European canker was previous|\Nectrangasligebat the taxonomy was

revised tbleonectria galligend 999 and thleonectria ditissima006. This fungal disease was

eradicated from Tasmania by 1991 and Australnlisfieerof European canker. It is present in

nearly all pome fruit producing regions of the world. Eye rot of apple fruit caused by the disease
accounts for | osses of up to 80% of suscepti bl
moden varieties the more important issue is death of young trees and branches on older trees. Apples,
European pears, Asian pears, crab apples, poplars, willows and elms are susceptible. Red Delicious,
Golden Delicious, and Royal Gala are highly susttemiisleGranny Smith is moderately

resistant.

Appearance

1 Firstsymptoms are reddish brown lesions around leaf scars, spurs, or pruning wounds on
small branches in late sgranly summer (Fig. 1).
The lesions elongate to form cankers with congstiajwedrcracks.
Shoot dieback, wilting and leaf drop can occur in spring.
Eye rot (Nectriarot) symptoms on fruit rarely delvateppresually developing in post
harvest storage in all parts of the fruit. Skin becomes dark brown olestitigatotted f
turns light brown and moist. A depression may develop as the flesh shrinks.

1 Infection of fruit on the tree occurs through open calyxes, lenticels, scab lesions, or insect
wounds and fruit may be symptomless until storage rots deaelep post

9 The disease is most noticeable as dead twigs and spurs that stand out when the tree isin full
foliage (Fig. 2).

1 Under favourable conditions perithecia (small, round, red granulations visible with the aid of a
hand lens) may be present in the canke(Fig. 3).



(@)

(a) (b
Figure 2: Twig death on tree during full foliage (a) cv. Golden Delicious (b) cv. Red Delicious
(photographer:Edwards)

Figure 3: Brightred perithecia on apple twig (a) easy to see on dry wood (b) view of perithecia through
hand lens. (photographer: J. Edwards)

6¢



Spread

M

Spores are spread from new cankers by rain or overhead irrigation.

Although symptoms appear in spring the infections are thought to occur in autumn in leaf
scars.

Old cankers produce spores that can be dispersed large distances and initiate new infection
but watelborne spores spread the disease in already infected trees.

Long distance spread is via vegetative propagation material, rooted plants, and fruit.

Could be confused with

T

= =| =4 =

Galls caused by woolly apple Bpbgbma lanigerbut these usualhyosv signs of aphid
presence.

Twig death caused by fireblight, although fireblight does not cause cankers.
Cankers caused by vaiirafabraespecies of fungus.
Perithecia could be confused with overwintering eggs of Bryobia or European red mites.

Fruitot caused ky.ditissimaannot be diagnosed from visual symptoms alone and culturing
or DNA analysis by an expert is required.

If in doubtall théxotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice

Further information

See the PHA bs&tewww.planthealthaustralia.com.au
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Fire blight

This serious disease of apples, pears, quince and a wide range of ornamentals in the Rosaceae family
is caused by the bacteEuwinia amylovovehich is widespr@ablorth America, New Zealand,
most of Europe and parts of the Middle East.

Outbreaks are generally more severe when heavy rainstorms occur with warm humid conditions during
flowering of the host tree. The bacteria can be spdsadnisgtis including pollinating species, and
can be transferred from infected tools. All parts of the tree can be affected.

Appearance

1 Symptoms include blighting of blossom, shoots, leaves, fruit, limbs and trunk, and collar and
rootstock.

1 Blossom bligim spring is usually the first symptom when blossoms appear water soaked, wilt,
shrivel, and turn brown to black before the infection progresses into the flower stem.

T As the infection spreads into su@culent sh.
appearance

1 Infected shots, bark, and leaves usually turn dark brown to black in pears and light to dark
brown in apples.
Translucent amber liquid may ooze from infected tissues, including fruit.
Clusters of blighted shoots, twigs and brandhesthaykhave been scorched by fire.

Shoots and limbs can be girdled by the infections.
Spread

1 Bacteriacan be spread on the tree by rain and between trees and properties by pollinating
insects such as honey bees and flies.

9 Birds, fruit feeding batsdtsssuch as aphids and psyllids feeding on shoots, and humans
using contaminated pruning tools can also spread the bacteria.

91 Infected, symptomless plant propagation material can be a salistanckltagsfer.

Could be confused with

1 Blossom blastd blight caused®seudomonas syringagyringaen pears
1 Black stem blight causeBryinia pyrifoliae

If in doubtall théxotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice

Further informatiorsee the PHA websitew.planthealthaustralia.com.au
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Green headed leaf rollers (GHBRnotortrix excessarmad P.
octo

This leafroller complex comprises two species of tortricid mothsRtatteayemmsnd only in

New Zealand. The larvae generally feed between leaves spun together, or rolled, by silken threads.
They also feed on the fruit surface, usualtgriedssihces between touching fruit or under leaves

attached to the fruit by silk, or in the calyx. There are two to three generations per year in New Zealand.
The two species can be separated using genetic tests or pheromones. Failure of current pesticide

regimes to control leafrollers may suggest presence of exotic leafrollers.
Appearance

1 The forewings of female GHLR moths often have dark browrzaarralbldizigs and a
dark brown spot.

The back end of male GHLR moths have a fan of large scales.

Both sexes have forewings darker than the hindwings and the Ihwihs larg./

The resting moths overlap their forewings to prodsicapeedelbpearance.

= =4 =4 =1

Young larvae have light green bodies with brown heads, whereas older larvae have green

heads
Spread

1 Adult moths disperse by flying and marked individuals have been recorded up to 600m from
release sites but most dispersed less than 100m.
Young larvae can balloon on the wind for short distances.
Long distance dispersal is mostly due to transbeddruifevith larvae in the calyx, or

egg masses on plant material.
Could be confused with

1 Leaf rolling symptoms and feeding behaviour are difficultto separate from those of LBAM.

1 Larvae have similar appearance to LBAM but mature LBAM |laritlrbawveleedid
and prothoracic shield behind the head.

If in doubtall théxotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice
Further information

See the PHA websitew.planthéladustralia.com.au
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Obligue banded leaf roller (OBCRpristoneura rosaceana

The larvae of this North American leafroller have a wide host range but plants in the rose family
(including apples and pears) are preferred hosts. The pest overwinters as third instar larvae in cocoons
called hibernacula usually located under badk sthbek cracks. Larvae emerge from the

hibernacula in spring at bud burst and tie terminal leaves together as feeding shelters. As the larvae
grow larger they move to single leaves and roll the leaf into a tubular feeding shelter in which they
eventua)l pupate. Female moths lay eggs in flat overlapping masses on leaves. The young larvae that
hatch from the eggs feed on foliage and fruit over summer before pupating and then emerge as moths

that produce the second generation.
Appearance

Larvae that emerigespring have a yellowish green body with a dark brown head.

The moths are tan to reddish brown coloured with alternating oblique light and dark bands
across the forewings and aB8rén long. Females are larger and have more distinctive
markings thanet males.

1 Eggs are flat, dull greenish yellow, laid in egg masses that look like overlapping fish scales.

5 i i

Moths of the obliquebanded leafroller have alternating light
and dark brown bands across their forewings.

Spread

1 Dispersal within an orchard is by flight of adults or ballooning of young larvae on the wind.
Long distance transport is most likely as hibernating larvae on dormant nursery stock.

Could be confused with

1 Damage caused by leafrollers is difficulaisisietween species.
1 OBLR adults are fairly distinctive but could be confused with LBAM.

1 Larvae may be confused with LBAM or BHLR larvae unless care is taken.



If in doubtall théxotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Omnivorous leaf roll@atynota sultana

This North American leafroller overwinters as larvae in nests of webbediieaviégafrintm

The larvae remain active over winter although their development is slowed. Pupation occurs in spring.
Four to five generations are produced per year. They have a wide host range and orchards can be
infested by moths that developed onuisgls of the orchard. Infestations in orchards are often

patchy with hotspots near areas with alternative host plants such as vineyards.

Appearance

UC statewide IPM Project © Regents, University of California

Omnivorous leaf roller adult moth

1 The adult moths are about 11mm long and have the typical bell shape of other leafrollers when
resting. The forewings are mostly brown.
Eggs are green, elliptical and laid in clusters on fruit and upper surface of leaves.
Larvae resemble other leafroller larvae but have small white tubercles at the base of protruding
bristles along the back and skt ly instars have a dark brown head and prothoracic shield
but later instars have a light brown head and thoracic shield.

1 Larvae feeding on fruit leave irregular, shallow feeding scars.
Spread

1 Adults disperse by flight.
1 Larvae may be transported tatiie of infested fruit.
1 Eggs and larvae may be transported on alternative host material

Could be confused with

74



1 Other exotic leafrollers and LBAM.
If in doubtall thé&xotic Plant Pest Hotline 1800 084aB81seek expert diagnostic advice
Furthetinformation

See the PHA websitew.planthealthaustralia.com.au
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Orange tortriXArgyrotaenia citrana

This North American leafroller is a pest of grapes in coastal areas and valleys im¥Wed$?acific Nort

but it also attacks apples, pears, stone fruit, berry crops and citrus. It has also been recorded on
Eucalyptus, mallow, willow, and dock in California. All developmental stages are present throughout the
year with overlap of the three generations.

Appearance

UC statewide IPM Project® Regents, Universty of California

Orange tortrix adult moths and egg mass on a leaf

Adult moths are about 10mm long and at rest have the typical bell shape of other leafrollers.
The forewings are brownish or buff coloured and often have a darker brown coloured saddle or
V-shaped area across the lower half of the foldédialagdso have a pair of darker
crescent shaped markings on the wing margins.

1 Eggs are pale cream or green when first laid but darken with age as the larvae develop inside.
The eggs are laidin clusters.

1 Larvae have straw coloured to grbedisk with a yelgold coloured head and
prothoracic shield in each larval instar. Larvae wriggle backwards and drop to ground when
disturbed.

1 Unlike other leafrollers it does not tie leaves together to make a feeding shelter but on fruit it
feeds undevebbing spun at the stem end of fruit, where it causes irregular shallow feeding

scars.
Spread

Young larvae disperse short distances by ballooning on silk strands blown by the wind.
Moths are good fliers.
Long distance movement is by transport offinfesteadternative host material carrying

egg masses.
Could be confused with

9 Other exotic leafrollers.
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1 Moths look superficially like LBAM.

1 LBAM larvae also wriggle backwards and then drop to the ground when disturbed.
If in doubtall théxotic PlanPest Hotline 1800 084 &gt seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Oriental fruit fly Complex

Papaya fruit BBactrocenm@apayaeOriental fruit Byctrocera dorsaliad Carambola fruit fly

Bactocera carambaleeall part of the Oriental fruit fly complex. They can only be distinguished by an
entomologist who is a fruit fly expert. Papaya fruit fly is nativertd ISEl&sipresent in New

Guinea. It was detected in Cairns in 1995 and eradicated. Oriental fruit fly is widespread throughout
Asia, Hawaii and northern parts of South America. It has a wide host range including apple, pear, peach
and apricot. Caramalfalit fly is native to South America.

Appearance

The adult fly i86hm long with a narrow band along the edge of the wings.

The thorax is dark with two prominent yellow strips on top and yellow marks on each side.
The abdomen is yellowish withikaTsthaped mark.

Eggs and larvae look like other tephritid fruit fly larvae.

= =/ 4 4

Like other tephritid fruit fliedaggey and larval feeding provides entry points for microbes
that cause fruit rot.

of Plant Industry Archive, Florida Depertmert of
Agicutue and Consumer Savices, Bugwood.og

Divison

A T-shaped mark is often visible on the abdomen

Spread

1 Adultflies are strong fliers and cdmtelgoke in vehicles.

1 Eggs and larvae are transported in infested fruit
Could be confused with
Symptoms are like those caused by endemic fruit flies such as QuedBatart&uattfiyoni

The larvae look like typical tephritid fruit fly medguesdl aither microscopic or genetic analysis to

distinguish them from those of endemic fruit flies.

The adults have different colouraotrytortbut to the untrained eye they might appear to be

similar.
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If in doubtall théxotic Plant Pest Hoidi 1800 084 8ahd seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au



http://www.planthealthaustralia.com.au/

Pear fruit motAcrobasis pyrivorella

Pear fruit moth is native to tempasadereAsia (northern China, far eastern regions of the former

USSR, both Koreas, Japan, and Taiwan) where it affects pears only.
Appearance

Infested fruit usually fails to develop properly, turns black and shrivelled.
Larvae use silk threads to attach the infested fruit to the tree, where they can hang until the
following fruit season.
9 Conspicuous webbing on exit holes and massesxafrgiseapgear on the fruit in
summer.
Moths are greyish with a violet tinge and a wingsgfanrof 14
Moth forewings have a dark crescent shaped apical spot between two transverse stripes (see

circled area in image below) and the hindwings arensstlowish g

Spread
1 Adults disperse by flight
Could be confused with
1 Unknown
If in doubtall thé=xotic Plant Pest Hotline 1800 08Zaf81seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Pear psyll&acopsylla pyricola

Pear psyllais the most important pest of pear in Europe and North America because of its damage
potential, propensity to develop nesistepesticides, and its role as a vector of the mycoplasmathat
causes pear decline which can Kkill trees. It is more of a problem on European rather than Asian pear
varieties. It can complete its life cycle only on pear trees. It overwintedeabatiusisales and

bark crevices, under leaf litter on the ground, or sometimes outside the orchard. Egg laying occurs from
bud swell to about 3 weeks after petal fall and hatch conrddelaysslater. The five nymphal

instars all feed on greemtedérial and for the first four instars secreted honeydew encases most of

the body. Five generations a year occur in California. The toxin injected into leaf tissue during feeding
causes blackening and burning of foliage similar to mite burn. Hooejalethelriplant parts,

causing russet on fruitand growth of a sooty fungus.
Appearance

1 The eggs are tiny, elongated and laid on or near fruit spurs or along midribs and petioles of
developing leaves.

Firstinstar nymphs are wingless, 3mm longjtheléalreves and black antennae.

By third instar the nymphs are greenish yellow and small wing buds have developed.

Fourth instar nymphs are greenish brown.

= =4 4 =

Fifth instar nymphs are more active, have moved to the base of petioles, and are dark brown
with obvious dark wing buds.

9 Adults are dark reddish brown, have four transparent wintikenelebirdadir bodies
when at rest, and look like a tiny cicada.

9 Pear decline reduces tree vigour, causes poor fruit set, small fruit size, and tree death

Spread

1 Dispersal of adults occurs if trees defoliate early but usually occurs in late summer after
harvest.

1 In areas with warmer autumn weather the psyllids remain active for longer and dispersal can
occur as late as leaf fall.

81



Could be confused with

1 Adul$ could be confused with native psyllids that have blown in from nearby wattles and gum
trees.

If in doubtall théxotic Plant Pest Hotline 1800 084afél1seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Plum curculi@Conotrachelus nenuphar

The damage caused by this weevil makes it second only to codling moth as the most damaging insect
pest of pome and stone fruit iereadorth America. The adult weevils cause feeding scars and
oviposition wounds on fruit. Unlike weevil pests ilCAustraliaarvae feed inside the fruit,

destroying the flesh and causing rot that leads to premature fruit drop.

Appearance

1 The adult is mottled greyish black and brown with a series of humps on its back in which the
second and third pairs are separated by a clear transverse band. Its head has a large but short
snout that bears antennae.

9 The eggs are laidin a crescent shapedysiing apple and pear fruit, commencing shortly
after petal fall.

1 The larvae have al@aped whitigieam coloured body with no functional legs, an elliptical
dark head and brown thoracic shield.

Larvaenfested young fruit drop to the ground.
The sars from egg laying are crescent shaped or semicircular and distinctive.

Presence of scarred mature fruit indicates that larval development was not successful.



Spread

Larvae can spread ininfested cherries and other fruit but the mosphkehMagpsead adult

weevils contaminating packing material.
Could be confused with

Similar to the North American appleAmtisoriomus quadrigilkdng the apple blossom weevil
A.pomorummeither of which are in Australia.

If in doubtall thé=xotic Fant Pest Hotline 1800 084 &3d seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Rosy apple aphidysaphis plantaginea

This aphid is potentitle most damaging aphid to apples in North America due to the amount of
honeydew it produces and toxic salivait injects while feeding causes stunted and malformed fruit,
severe leaf curling and distortion, twisted shoots and reduced fruitiyieis. Hsobkerck shiny

eggs laid at the base of long twigs and basal leaf scars. Nymphs begin to hatch between bud swell and
two weeks after bud break and work their way into the opening leaf clusters where they feed on the sap.
The nymphs usually matyrfellbbloom and the mature wingless female aphids give birth to live

nymphs without having to mate. Large colonies rapidly develop with overlapping generations and mixec
ages until early summer when winged adults start to develop and migratbdstaltikmativ

plantain where they spend the rest of summer. In autumn winged females develop on the plantain and
move back to the apple trees where they give birth to nymphs that develop into wingless females. In late

autumn winged males are producedpbentaen and they move to the apple trees where they mate
with the wingless females, who then lay overwintering eggs.

Appearance

1 Overwintering eggs are black, shiny and oval shaped.
1 Young nymphs are dark green to purple and covered with lighbgragdihatyewong

cornicles (Atail pipesodo) with flanged tips
1 Wingless adults are rosy purple with black tips to the cornicles, legs, and antennae.
1 Winged adults have black bodies, clear long wings and long antennae.

5 . Observe the range of colors and sizes from newly hatched
Rosy apple aphid eggs overwinter in basal leaf scars. nymphs to adults in this colony of rosy apple aphids.

Rosy apple aphids develop into black, winged adults in prepara-
tion for migration to summer hosts.



Could be confused with

There are several aphid species that look superficially like rosy apple aphid but can be distinguished by

the size, shape and colour of the cornicles.
If in doubtall thé=xotic Plant Pest Hotline 1800 08Zaf81seek expert diagnostic advice
Further information

See the PHA websitew.planthealthaustralia.com.au
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Spotted wing drosophila (SWD®sophila suzukii

This pest originated in SBa#t Asia and is spreading throughout maryuhalrfiooduction areas
across the globe. It spread rapidly through North Americaand Europe. The preferred hosts are grapes,
berries, cherries, nectarines and plums,-bipeawedamaged apples and pears could be alternative

hosts especially in urlaeas or orchards near preferred hosts.
Appearance

Adult SWD sma3idm long flies with a wingspa8nofrband prominent red eyes. The males are

smaller than females and, unlike other Drosophila species present in Australia, have a dark spot on the
end of each wing. The females do not have spots on the wings and when observed with the naked eye
look like other vinegar flies commonly seen around rotting fruit. The females can be distinguished from
other vinegar flies, when observed under magmificatt@nd lens or microscope, by the presence

of a double serrated ovipositor used to puncture fruit and lay eggs. The eggs are white, 0.6mm long and
oval shaped. The larvae are embdi@maggots typical of vinegar flies.

- ) \
\
Adult male; are yellow-brown with dark abdominal bands, red Adult females are yellow-brown with dark abdominal bands, red
eyes and distinct spots on the ends of their wings eyes and no spots on their wings

Spotted-winged drosophila ovipositor

Spread

SWD adults capfor localised dispersal and can hitchhike in vehicles. Eggs, larvae and pupae can be

spread in infested fruit.
Could be confused with

Immature stages have appearance typical of other vinegar flies. Adult females can be confused with
other vinegar flig#il the ovipositor is examined. The dark spots on the wings of adult males are



distinctive but the small size and restless activity of the flies makes it difficult to see these diagnostic
spots with catching the flies.

If in doubtall thé=xotic Plant &st Hotline 1800 084 &8 seek expert diagnostic advice

Further informatior8ee the PHA websitew.planthealthaustralia.com.au
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Apple and Pear IPDI\‘ 3

Chapter 5: Integrated weed management

Quick Fats for onfarm weed management

Prevention is cheap

1 Update your farm biosecurity plan to include weed prevention measures

9 Include visitors and your home gardens in the biosecurity plan

1 Periodically inspect roadsides in the neighbourhood for presésce of

Finding weeds early improves your chances of success

Develop a monitoring program to detect weeds before they get established

Regularly inspect carparks and recently disturbed areas

Train staff on weed identification and empower them to report any unusual plants that they

notice while carrying out their normal duties.

1 Use robile phones for photographs and recording GPS locations of weed detections

You need a Plan for your controls

1 Develop a weed action plan

o

o O O o

(0]

What is the current situation (nature, scale and location of the problem)?
What are you aiming to achieve?

What methods (strategies, tactics) are you considering, and why?

What are the pros and cons of these methods?

Do not rely drerbicides alone. An Integrated Weed Management approach will
provide effective léagn control.

What resources are required to perform the works and what do you have on hand?

1 Document the weed action plan using the SMEACS format in the peseatidrdifease
this manual

Weeds are just another form of pest (or disease) that requires monitoring and action thresholds

1 Follow resistance management guidelines for all herbicide applications

1 Herbicides create further disturbance so where possibleegstabbshthat competes

with the weeds but not your crop.



Herbicides can affect ntarget organisms, including those that are not plants

1 Refer to Table 6 in Chapter 6: Pesticides and the Australian Apple and Pear Industry for more

informatiagbout imuds on biocontrol and soil bidogye herbicides affect beneficial
microbes by targeting enzymes or binding sites common to plants and microbes. This can

disrupt soil biodiversity and lead to increases in plant pathogenic species.
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Introduction

Weeds & commonly defined as invasive alien plant species that can cause loss of productivity and
impacts on biodiversity and ecosystem function. A more appropriate definition is a plant growing in the
wrong place or an aggressive plant that thrives inuiiorakeets that have been disturbed or

poorly managed. They are often introduced plant species but can be native species growing outside
their natural range. They become weeds when they arrive in areas where conditions allow them to out
compete the endemspecies, crop, or contaminate pastures or taint crops. They can reduce

biodiversity by dominating habitats and thereby affecting most, if not all, of the organisms in the comple
biological web that revolved around the endemic plant species.

The above descriptions are obviously a human assessment based on our perception of our place in the
bi osphere. This is reinforced by the Australi:
requires some form of action to reduce its negasivim éffe economy, the environment, human

heal t h a mitgs:/hawweadgnidultuse.gov.fufiesasseweeds/pesinimalsnd

weeds/reviesuspestanimalveedstrateqy/auseedsstrateqy.

In secalled natural plant communities, all plants +&w®igidircdynamic balance with each other,

mediated by constraints imposed by competition with spleeigsd aherbivores, climate, soil, and

pathogens. Our need to obtain food and fibre through agriculture, shelter by building cities, resources b
mining, and accessible recreation areas has resulted in disturbance of natural plant communities and
creatd t he concept of a fiweedo. To be consi dered

undesirable characteristics such as:

Competing with more useful plants for moisture, nutrients and light
Poisoning of humans and domestic animals

Tainting agricultural poed

Contaminating agricultural produce

Harbouring plant diseases and insect pests

Harbouring vermin

=A =4 =4 =4 A4 -4 -2

Interfering with transport, essential services and recreation

1 Interfering with agricultural operations

Weeds can be classified as noxious weeds, engiinoastntor just plain nuisances. The

Australian Weeds Strategy further divides weeds into Weeds of National Significance (WoNS) and
weeds of significance to individual States and Territories, which then cascade into Regional and Local
Government weellsich State or Territory has legislation governing weed management. It is beyond
the scope of this manual to detail all legislation relating to weed management across all levels of
government. It is your responsibility to ensure that you are aigidvanibyegjislation.
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There are several stages involved in weed management:

9 Prevention using sciertdiged risk assessments guiding quarantine measures
1 Eradication while the population is still small
1 Containment to limit spread of species that ceraattdted

1 Asset protection when eradication and containment is considered impractical

Each of the above stages is applica@edpest, and diseasanagemeptograms but the
responsibility for actibanges according to context andFscagample, the federal government is
responsible fguarantine measuaesational borders into Australia@thf€erritogovernments

are responsible for quarantine measures to protect theindaddadsial farm businesaes
responsible for quarantine medsuthsir enterpri&ach level cascadeshe nexdsan
incursioprogresses throudie stagedf national borders are breetieedfederal and state
governmentollaborate in eradication effoetadication fails state governattmspt to contain

the outbrealts limited areas. If containmenhéyglual industries and farm businesge® be
prepared to protect their asBegsfirst step in asprotectionidentifying the assets requiring

protection.
Weed Management

I n some situations, allowing a parti al return
the weed species but this is rarely possible in an agricultVkdderenpesisible it is best to use
quarantine to prevent establishment of regk lvgled species. Once a weed has established there

are several approaches for attempting control. These include:

Prevention of seeding by mowing, grazing, cultiviating; bpraying
Germination of dormant seeds followed by destruction of seedlings
Depletion of food reserves in the roots, rhizomes, bulbs and ctnnes! sy ragh

Providing competition by planting agriculturally, ecolegoreliyically desirable plants

=A =4 4 4

Once the weeds have been removed it is important to replace them with some other desirable
plants to prevent the wee@stablishing.

Turning weeds into useful plants

Weedy species managed properly as part of the anstiaroMgrowithout becoming dominant can

be beneficial if they support predators and parasitoids that attack pest species or if they support other
ecological functions. This is not an appropriate approach to Declared Weeds where there is a legislated
requiement to destroy those weeds. Ground cover improves water penetration into the soil, slows the
rate of water runoff on sloping ground, reduces dust, and may help with fruit colour development.
Practitioners of conservation agriculture and regenienaitive aglvocate the need for at least 30%
permanent soil organic cover coupled with species diversity that generates improvements in soil health
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while providing habitat for generalist biocontrol agents, decomposers, and ecological engineers such as
earbworms. Competition between ground cover species and trees can be overcome by best practice
fertilizer and irrigation management. It is also important to understand the ecological function of the
various fAweedo speci es establisyneniof utndesirabtecpecdes nt r at e
while selecting and establishing appropriate ground cover species.

Tune in to messages from the ecosystem

Although weeds get most attention when they cause loss of productivity and impacts on biodiversity anc
ecosysteffunction, they often play the role of initial colonisers after disturbance events. Presence of
weeds usually indicates an underlying problem. Excessive use of pesticides can result in soil
contamination that exposes ground and soil dwelling inelediebhtessdbthal (lower fertility

or metabolic problems) residues or create imbalances in soil microbe populations that affect soil health
and eventually performance of orchard trees. Creation of bare ground by herbicide application or
cultivatiais a disturbance event that often results in decreased soil health and increased weed
populations. Presence of nut<eygigeruspp. indicates drainage problems and capeweed

Arctotheca calenduidicates high soil nitrate levels. Fixing those proaligmeduses the weed

issue.
When to look for weeds

The type of farm, the climate where the farm is located, and the lifecycles of the target weeds will
determine the best times to look for weeds. For deciduous fruit orchards the main times to inspect for
weeds would be:

1 Late summautumn before harvest so that weed seeds do not contaminate picking bins

1 Winter during pruning so that infestations can be dealt with before spring

9 Spring between gréignand flowering because flowering weeds may be usore obvio

1 Early summer during any-tranding so that weed control assessments can be made before
irrigation scheduling begins in earnest.

Where to look for weeds

As with any pest management monitoring program there are various ways to decide where to look. The
best approach is to use them all in context.

1 Improving weed knowledge in field staff and encouraging them to develop situational
awareness while conducting their normal duties increases the probability that they will notice
and report a new weed orphead of existingweeds. This is a sort of passive surveillance.

1 Checking previous weed hotspots is a good way to assess success of previous control
attempts but will not help with detection of new incursions unless situational awareness is used
while traetling to and between hotspots.



1 Focusing on areas that may be vulnerable to incursions is a logical approach and can
incorporate previous hotspots since they are obviously potential sources. For orchards the
areas to focus on include:

0 Near and downwingrevious infestations

Downhill of previous infestations

Watercourses, dams, and poor drainage areas

Roadways, tracks and machinery washdown areas

Areas where earthmoving and other contractors have been working

Areas where tree heaps were burned

Nears hed s , tanks, bin stores, pi ckerds hu

Newly worked or planted blocks

Garden beds around office buildings and homes on the farm

Around apiary sites

O O O O O o o o o o

Boundaries with neighbours
Identifying weeds

1 Once an unusual plant or suspected weed isitistenttetibe identified as soon as
possible so that appropriate control measures can be applied if itis a weed.

1 Take closep photographs of flowers, seed heads, leaves and fruit, and collect specimens
then use a weed identification guide, website, appho narrow down the options.

1 Specimens and/or photographs can be submitted to a weeds officer from the local Agriculture
Department or Catchment Management Authority or equivalent in your state, an agronomist at
the local rural merchandise stdhe, lmcal government environment officer.

1 Seek advice from local Landcare members

Weed control methods for inclusion in a Weed Action Plan

If you have a weed action plan that integrates several control methods, recognises that weed
management takes pesice over several years, and includes regular monitoring of weed populations
and assessment of success and failures you should be able to keep weeds from causing economic

losses.
Farm hygiene

Restrict vehicle access to sensitive areas providinpskiitgtdeeas and clear signage.

Ensure mulches, gravel and other track surfacing materials are purchased from weed
suppliers.

1 Provide vehicle/ machinery washdown areas and require contractors to clean their equipment
before entering the orchard.
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If gazing stock in the orchard over winter ensure they have comeffesnaceaesd
have a holding area where they can be held to purge gut contents of weed material, especially
seeds, before giving them access to the orchard.

Digging and pulling

T

M

Smalhumbers of weeds can be dug or pulled when found but if they are setting seed they
should be bagged before pulling so the seeds are not dropped.

Some have spines or are poisonous so gloves should be worn

Slashing and mowing

Use to reduce Isafrface area and allow competitive plants to access sunlight

Some annual weeds such as thistles have limited ability to reshoot after cutting

Cutting before flowering or seed set can reduce the seed bank and eventually allow other
competitive plants tarfkh

For capeweed in orchards slashing regularly helps to manage populations of lightbrown apple
moth and Western fruit moth that use capeweed as a host over winter and early spring.

Grazing

T

Although a common practice in the past, griazésgdok (pigs, goats, sheep or cattle) in

orchards is generally discouraged because of the damage the stock can do to the trees and
the risk of pesticide residues in the meat.

Grazing by ducks, geese and other fowl is used by some orchardistgiaspecially

growers, to help manage weeds and some pests such as snails. The birds need to be locked
up overnight to protect them from foxes and should not be used for meat production if
pesticides are used in the orchard.

Mulching

T

Synthetic or natural ogemilches can supress weed growth in orchards by preventing light
penetrating to germinating weed seedlings or providing a physical barrier to emerging weeds.
The mulch will also prevent indigenous ground storey plants from germinating and competing
withhe weeds.

Ensure mulch material is free from weed seeds.

Do not mulch closeto the tree trunks

Mulching preserves soil moisture and improves soil organic matter as it decomposes but in
some soils the combination of mulch and drip irrigation mayraffecesoil

Organic mulch may present a fire risk



Altering soil properties

1 Improving fertiliser, soil acidity and drainage may disadvantage some weeds.
1 Capeweed prefers high nitrate levels in soli

1 Dock and nutgrass prefer wetter or waterlogged soils.
Overplanting with competitive desirable plants

1 Ovemlanting weeds with native plants or other desirable species (e.g. those that support
predators and parasitoids) may reduce weed populations by competition for light and nutrients
but in orchards thepeaes need to be tolerant of traffic, mowing, and not compete with the
trees.

1 Local woodland or grassy woodland ground covers may be suitable in orchards because they

are adapted to growing under trees
Chemical control

9 Selective herbicides kill certaith symecies but not other weeds and certain desirable
species such as fruit trees in orchards.
Nonselective herbicides kill most plants that they contact.
Small outbreaks of weeds can be spot sprayeéeligothamherbicides, but larger
infestationsay require spraying with a selective herbicide due to the larger areas to be
sprayed.

9 All herbicides have potential to catmegetffaffects if not carefully applied.

Herbicide selection

Herbicides kill weeds (and other plants) by interferingsaptfosesges within the plants. There

are currently 19 recognised modes of action for herbicides and, as with insecticides and fungicides,
products with the same mode of action are identified by a common code on the label. Herbicide
resistant plants prdasatriow frequencies in weed populations become evident after repeated
applications of herbicides with the same mode of action kill susceptible plants and allow the resistant
one to become dominant. Different modes of action have different rdekeetepatezhtoof

resistance by weeds.

1 Productsin Groups A and B are high resistance risk herb®jmbesfic resistance
management guidelines must be followed for these groups.
o Group Aesistance is widely present in grass species in Austrajianmadlidin
ryegrass, wild oats, phalaris, and barley grass. Where a Group A herbicide was used
for control of any grass no Group A herbicide at all should be used in the following

season. Where resistance to a Group A herbicide is either suspected or known t
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occur there is a good chance the resistant weeds coulg$fistardss Group Z
herbicides as well.
o0 Group Bs the herbicide mode of action that is most likely to have generated

resistance. In Australia at least nine species of grass weedadiedf Wdeds

are resistant to Group B herbicides. Group B herbicideséncdugerntscand

postemergents. If a pestergent spray of a Group B herbicide is being considered

it must not follow a-gneergent Group B spray and no more than tio Group

herbicides should be used in anyeouperiod on the same paddock.
Productsin GroupsC, D,F, G, H, |, J, K, L, M, N, Q, and Z are considered moderate risk
herbicidesSpecific resistance management guidelines are available for these groups.
Producsin GroupsE, O, P, and R are considered lobecakse no cases of resistance
have been detected in Australia and specific resistance management guidelines have not been
produced.
Herbicide compatibilishould be checked before tank mixing gsraduct$ are
compatible. Before using more than one herbicide in a mix, ensure they are compatible by
checking compatibility lists on the product label.
Adjuvants are additives intended to improve efficacy or ease of applitetiorost
common adjuvaai® surfactants (wetters), penetrants, and dyes. Many products come
already formulated with adjuvants and it is important that any additional adjuvants added to the
tank are compatible with the chosen herbicide product and any other products in the tank mi
Compatible adjuvants are listed on the label.

0 Adjuvants that enhance product efficamjude:

A Surfactants/Wetters/ spreadenbance adhesion to leaf surfaces and
improving coverage by reducing surface tension to spread the spray
droplets.

A Stickersincrease adhesion of pesticides to target surfaces

Penetrantanprove transport of the pesticide into the plant tissue

C I

A Extendersncrease resistance to environmental degradation and lengthen
the time that the active ingredient is toxic tetthe targ

A Humectanténcrease the time taken for an aqueous spray deposit to dry

0 Adjuvants thatimprove ease of applicatioiude:

A Acidifying or buffering agenttsat adjust the pH of water to minimise
alkaline hydrolysis of the pesticide

A Antifoaming or déoaming agentshat prevent foam overflow by
suppressing foam formation in the tank

A Compatibility agentbat prevent antagonism between different

components ina tank mix



A Drift control agentalter some of the properties of the spray solution so
that largetroplets are produced

A Dyesused to mark sprayed areas to avespmagng and to indicate
coverage

A Water conditionetttiat suppress salt formation and precipation in spray
tanks.

Avoiding spray driftan prevent chemical trespass into neighbournitigspoapgamination of
livestock and crops, poisoning of waterways, and in orchards inadvertent damage to the tree canopy

and fruit. Drift can be avoided by:

)l

Selecting appropriate weather conditionghich to spray

1 Do not spray when inversion laggoeeaent or when Delta T readings are outside
the range-2C.

1 Delta T was developed in Australiaand is used to indicate when conditions are
unsuitable for spraying due to evaporation and droplet survival. High Delta T (>10)
means the droplets will kimigize, increase potential for drift, or dry up before the
plant absorbs the chemical. Very low Delta T (<2) droplet survival will be so long that
drift could increase, speed of herbicide uptake will slow and the risk of rainfall washing
off the chemiacaill increase.

91 Delta T is the difference between dry and wet bulb temperatures.

1 The chart below iBata Teady reckoneased on dry bulb temperature and
relative humidity.

1 Suitable wind speddssprayirgre 310 km/h

1 Avoid middayrbulence by not spraying after 11.00 am in summer

1 Maintain a dowwnnd barrier from neighbours and sensitive areas

1 Avoid using boom spray#re orchatulitif no better option exists keep boom height as low

= =4 4

as possibhlshile maintainiaffectivepray paitn

In orchards when spraying the tree line use a spray shroud or a wick wiper

Use the least volatile formulation of herbicide

Use lower pressures and nozzles that produce larger drop sizes.

Small, actively growing svéleak are not stressed take up herbicide more effectively and are

the preferred targets
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Relative humidity

Delta T vs Dry Bulb Temperature and Humidity
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Apple and Pear IPDI\6 ).

Chapter 6Pesticidesand the Australiafpple and

Pearlndustry

IPDM quick facts

T

Pesticides are important components of aliggzest and weed management pimgram
poor choice of productazarse major disruption to IPDM and set off a chairtadtevents
could cause greater economic loss ttemgéhef the initial spray application.

Products containing the same actadiénggnaynot be registered against the same pests
or even on the saameps.

Strict regulations and testing regreapplied to importation of live orgasisoisgical

controagents.

Australian fruit growers should only purchase bioctnfrohageputatdemmercial

Australian suppliers

Overseas data mixicity to beneficials should only be used as an indication of potential issues
in Australia singteains of biological control ageatkable in Australiamay be different to

strains used overseas

The pesticide registration process in Australia reqoiresvatmental fate, toxicity to
bees and a rangesn¥ironmental indicator speciesgauts ormpact to biocontrol

agets, including generalist predators and parasuolidstasAbsence of a statement on
bee toxicity indicates the product is considered saf@hereassabsence of statements

regarding biocontrol agentsompatibility with IRBditate that data has been provided

Tables in this chagevide ratings based on Australian data whereadidable
supplemented by compilations from overseasBwuregisigadicat potential impacts
for inclusian contingency plaasthat monitoramg abatement tactias be
implementetino suitable IPDM compatibthicts are availabldeal withspecifipest

problem.
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Introduction

Australian apple amdpgrowers have been working to reduce oelipesticidesice the early
1970s and in 1991 the industry signed a Pesticidestliaetéustralian Consumers Association.
The Pesticides Charntasrecogtionby both parties that pesticidgsin toxicity to humafiect

on the environment, and compatittiiigneficial species such as predators and parasitoids that
providdiological control servioess and other insdltd provideollination servicescrobes

that suppressithogensearthwornmend other species that assist with soil aeration and water
infiltratiompotcolonising fungi that enhance water and nutrient use efficiency

The range of pests, diseases and tlvebdest orchardsjuiregrowers to makemplex
decisions on appropriate choice of managemeninoptiding pesticidbgst allow them to

produce quality crapsolumes that support economic viabdityiemtmental sustainability.

The Australi®esticides and Veterinary Medicines Authorfyma.gov.pis responsible for
registration of pesticiagled maintains-bne databaseontaining curr@mformation on pesticides
registered for use in Aua{RlbCRI8atabasieor with minaise permits for-kefibel usePermits
database)'he PubCRIS database comiepdsict names, registering company, active cgnstituents

product category, and usually provides access to the product label

Apple andear growel®nefit from thetivities gpecies operatiaga conplexbiological wehat

is largely unsedn rarelfactored into economic assessramhts oftenot appreciated until the
ability tonanagexisting pests and diseases as partRIDM prograsdisrupted loanges in
production practicesuiing frorpoor choice of pesticides and/oriamsup§new pests, diseases
and weeds.

The risks to the IPDM program can be addraapéehignting biosecurity measughsas those
presented in Chaptend by improving knowlediglee netarget impacts of the various pesticides
available.

Implemeation of IPDM has created greater awareness of thendeestémdinige nostarget

effects of pesticides. The registration processlegguoresnvironmental fatecity to beesd a
range of environmental indicator species buttbenerglijttle information provided on toxicity and
sublethakffects obiocontrol agents and generalist predators and parasitoids

Various organisations have compilédaataghoc way and there are efforts underway to
standardise testing metbotishere are still large gaps in knowledge abouteftetietha

This chapter presents lists of active ingredients registered for use on apfleblasdB)ears
and where known, thetaoget impacts of those ingredikaitées-8). Although most specialist
biocontrol agerggailable in Australee introduced from overseas to contrativempest

specieghg/ may be differestraisto those useéd other countries and therefore some of the
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publisherkesults of pesticide toxicity testing may not be applidallesedifeustralid.he
information providedii ¢hapteis a combinationpoiblishe@ustraliamata but ifo Australian

data was availablerseadatawas used. discrepancies betweldiferent sourcessted a
conservative scaméavour of the biocontrol agent was albxcatedfety mardirshould be used

only as a guide assist with planrstrgtegie® encouragestablishmentlablogical control
agentsand generalist predatdfere are strict regulations govarmnpagation bfological control
agentsandAustralian fruitgrowers should only purchase biological controkrepetatisiérom
commercidlustraliasuppliersuch as membersha# Australian Biological Control Association Inc.
(www.goodbugs.org)alihose suppliesd! generally have conducted limited pesticidamtesting

should bableto provide advicewhich pesticides toievay how long to wait after applying
particular pesticides before you inttbeumecontrol agents intograhard.

Trade names of the products are not giventhecacts@l products have not all been tested, and
there are too many products fbhiesevee, at the time of writing, 300 inseoticndticide

products, 167 fungicide or bactericide pdddubtshicide products and 81 plant growth regulator
productsegistesd on the APVMAIbCRIS database for use on apples and pears irTAigstralia.
reduced 168, 48and 47 active ingredienisigecticides, fungicideslherbicidesespectively.
Further reductioosuld occur if standardised n@ntgesd of synonyphar active ingredients
appeaed in the databaderoducts containing the same active ingredients are not necessarily
registered for the sadarget uses or even the samé cyop e s in(thé termmd ogyused
PubCRISYhere ard0ii h 0 s t 0 retewant Euggicrdesrebactericid€Fable 1); 16r
insecticides miticidgg able); and 34 for herbicifleable 3As a resuRubCRIS not easy to

use and the results need to be checked against the geodbciviedte are advisembisult

registered supplieagronomists, and pest management exjpedtsuitable products.
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Table 1Active ingredients-ahgicideand Bactetide products registered for use on apples and

pears in Australia as at 26/ August/ 2020. Sour c
are presented as they appear in PubCRIS. Although more than one active ingredient may be present in
aregisted product this table presents each active ingredient as a separate entity.

Fungicide or

. Pear
Bactericide ea

>
o
j=a

®

Active ingredients

PPLE
CROFTON APPLE

APPLEGOLDEN DELICICBOST HARVES
APPLEGRANNY SMIFIROSTHARVEST DI

APPLEJONATHANPOSIHARVEST DIP
APPLELADY WILLIAMBOSTHARVEST DI

APPLEPOSIHARVEST DIP
APPLERED DELICIOUBSTHARVEST DI

BONZA APPLPOSTHARVEST

NASHI PEAR
PEAR PACKHAMS TRIUMAMOST HARVHE

PEAR POSTHARVEST DIP

NASHI PEARIIJISSEIKBPOSTHARVEST
POME FRUIT

APPLE CROP = APPLE ORCHARD
PEAR

APPLESUNDOWNER
POME FRUFPOSTHARVEST DIP

DEMOCRAT APPLE
FRUIT CROP OR TREE

BOSCALID

BUPIRIMATE

CAPTAN

COPPER (CU)
PRESENT AS
CUPRIC

HYDROXIDE

COPPER (CU)
PRESENT AS
TRIBASICOPPE
SULPHATE

COPPER AS
COPPER
AMMONIUM
ACETATE

COPPER AS
CUPRIC (11
HYDROXIDE

COPPER PRESE
AS A CUPRIC
AMMONIUM
COMPLEX

10



Pome

fruit

3341 J40 d0dD 1INy

dld LSINIVHSOdiNydd JINOd
11Nyd4 JINOd

Pear

dld 1SINHVHLSOd ¥vV3d

HAYVH LSGHNNIE L SWVHYOVd dv3d
dv3d

1SINGVHESOAHITSSICINVIC IHSYN

dv3ad IHSVYN

Apple

1SIANHVHESOdAddV VZNOd

110 LSIAIGVHESGEYOI101T3A d3d3F1ddY

dld 1SIANIVHESOdT1ddY

1A LSINIGVHESOSAIVITITIM AAVTa1ddY

dId LSIANHVHESOdANVHLVYNOCA1ddV

1A LSINIGVHESOHILINS ANNVHOT1ddY

53dAHVH 1SGaOoIOIT3ad NId10931ddY

HJINMOANNSTTddV

ddVHOHO F1ddV = dOdO F1ddY

31ddV 1LVHO0IN3A

31ddV NO140dD
371dd

Fungicide or

Bactericide

Active ingredients

COPPER PRESE
AS COPPER

AMMONIUM
COMPLEX

COPPER PRESE

AS COPPER
OXYCHLORIDE

COPPER PRESE
AS COPPER
OXYCHLORIDE

COPPER

HYDROXIDE

COPPER PRESE
AS CUPROUS

OXIDE

CYPRODINIL

DIPHENYLAMIN
DITHIANON
DODINE

FLUAZINAM

FLUOPYRAM

FLUXAPYROXAD

FOSETYL

ALUMINIUM

HEXACONAZOL
IMAZALIL
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Pome

fruit

3341 J40 d0dD 1INy

dld LSINIVHSOdiNydd JINOd

11Nyd4 JINOd

Pear

dld 1SINHVHLSOd ¥vV3d
HAYVH LSGHNNIE L SWVHYOVd dv3d
dv3d

1SINGVHESOAHITSSICINVIC IHSYN

dv3ad IHSVYN

Apple

1SIANHVHESOdAddV VZNOd

110 LSIAIGVHESGEYOI101T3A d3d3F1ddY
dld 1SIANIVHESOdT1ddY
1A LSINIGVHESOSAIVITITIM AAVTa1ddY

dId LSIANHVHESOdANVHLVYNOCA1ddV

1A LSINIGVHESOHILINS ANNVHOT1ddY

53dAHVH 1SGaOoIOIT3ad NId10931ddY

HJINMOANNSTTddV

ddVHOHO F1ddV = dOdO F1ddY

31ddV 1LVHO0IN3A

31ddV NO140dD

Fungicide or

Bactericide

Active ingredients

IMAZALIL PRES

E

AS BISULPHAT

IMAZALIPRESE

AS THE SULFAT
IPRODIONE

ISOPYRAZAM
KRESOXHI
METHYL

MANCOZEB

MEFENTRIFLUC

AZOLE

MYCLOBUTANIL
PENCONAZOLE

PENTHIOPYRAD
POTASSIUM

BICARBONATE
POTASSIUM
SILICATE

PYRACLOSTRO
PYRIMETHANIL
SULFUR (S) AS
WETTABLE
SULFUR

SULFUR (S)

PRESENT AS
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Pome

fruit

dld LSINIVHSOdiNydd JINOd
11Nyd4 JINOd

3341 40 dOdD t:mu_l

Pear

dld 1SINHVHLSOd ¥vV3d
HAYVH LSGHNNIE L SWVHYOVd dv3d

1SINGVHESOAHITSSICINVIC IHSYN

dv3ad IHSVYN

Apple

1SIANHVHESOdAddV VZNOd

110 LSIAIGVHESGEYOI101T3A d3d3F1ddY

dld 1SIANIVHESOdT1ddY

1A LSINIGVHESOSAIVITITIM AAVTa1ddY

dId LSIANHVHESOdANVHLVYNOCA1ddV

1A LSINIGVHESOHILINS ANNVHOT1ddY

53dAHVH 1SGaOoIOIT3ad NId10931ddY

HJINMOANNSTTddV

ddVHOHO F1ddV = dOdO F1ddY

31ddV 1LVHO0IN3A

31ddV NO140dD

Fungicide or
Bactericide

Active ingredients

POLYSULFIDE
SULFUR

SULFUR AS

THIOSULFATE

TEBUCONAZOL

L

THIABENDAZO

THIRAM

TRIFLOXYSTRO
ZINC EDTA
ZIRAM

10¢



Table 2Active ingredientdrafecticide and acaricigeoducts registered for use on apples and

pears in Australia as at 26/ August/ 2020. Sour
are presented as they appear in PubCRIS. Although more than one active ingredient may be present in
a registereproduct this table presents each active ingredient as a separate entity.

Insecticides and . Pome
o Apple Pear & Quince .
acaricides P Q Fuit

CH

APPLE OR

Active ingredients

PPLESTARK CRIMSON

PPLE CROP

PPLE ORCHARD
APPLEDORMANTREATMENT]

PPLE TREE
DORMANT APPLE
NASHI PEAR

PPLE

NASHI (ASIAN PEARVJISSEIKI

PEAR ORCHARD
DORMANT PEAR
POME FRUIT TREE
FRUIT CROP

OUINCE
POME FRUIT

(E,E) 8,0 DODECADIE
1-OL

1-DODECANOL

2-METHY{1-BUTANOL

3-METHY{41-BUTANOL

ABAMECTIN

ACETALDEHYDE .

ACETAMIPRID

ALPHACYPERMETHRI I

BIFENAZATE

BIFENTHRIN -

BUPROFEZIN

CARBARYL . .

CARPOPHILUS
AGGREGATION
PHEROMONES

CHLORANTRANILIPR

CHLORPYRIFOS

CLOFENTEZINE

CLOTHIANIDIN
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Insecticides and : Pome
o Apple Pear & Quince .
acaricides PP Q Ruit
T E <
E w w
z O E A
O w < )
0 4 w E
= & o < L
r < @ = U w L
. . x =z - o o4
©) ol o o <
Active ingredients < < —
wgaTsHpy?2 I 8 F E o
w OO x 3 g = O - > O O
x s x x o 3 g9 x =z x o o
Fn OO0 AaA4ga < O Wi O
Wywyww S sIeeg=Y wwhb
I oaooaoaodyon << XSS S
o o oo O<«< < wwO J O 0O o
< < < O Z Z o o 0o dao o o

CYCLANILIPROLE

CYDIAPOMONELLA
GRANULOSIS VIRUS

DIATOMACEOUS EAR

DIAZINON

DIMETHOATE

DODECENOL ACETA
87

DODECENYL ACET-
E

DODECENYL ACET-
YA

E,E9,11-
TETRADECADHHYL
ACETATE

E11-TETRADECHNL
ACETATE

ETHANOL

ETHYL ACETATE

FENBUTATIN OXIDE

FENITROTHION

FENOXYCARB

FLONICAMID

HEXYTHIAZOX

IMIDACLOPRID

INDOXACARB

INDOXACARB (25:75)

10¢



Insecticides and : Pome
o Apple Pear & Quince .
acaricides PP Q Ruit
5 = 4
w w
o S 7
28 £ | &
< )
2z L &
o T}
= a
@ < 2 = - é 0 o
Active ingredients N << < x < =
w ¥ a I s 4 Z < i -
uoco0zg 3% T |558
x 2o Hu9g & = r x o
H 0 O O 0 qQq o < O < W o w O
o o oo aoao Q<< w O O3 O O
< < < 0Oz 2 O O O a a
INDOXACARB (96:4) .

MALATHION

METHANOL

METHOMYL

METHOXYFENOZIDE

NOVALURON

NUCLEAR
POLYHEDROSIS VIR
OF HELICOVERPA
ARMIGERA

NUCLEAR
POLYHEDROSIS VIR
OF HELICOVERPA ZE

OMETHOATE

PARAFFIN OIL

PARAFFINIC OIL

PETROLEUM OIL

PIPERONYL BUTOXI

PIRIMICARB

55 5 5 A o v

PROPARGITE

PYRETHRINS

SEC BUTANOL

SINDOXACARB

SPINETORAM

SPINOSAD

10¢



Insecticides and : Pome
o Apple Pear & Quince .
acaricides PP Q Ruit
|_ p—
5 zZ X
x LLl LLl
z O = <
5 W = P
< )
0 4 w E
=8 X/ < m
. . < g B 3 n 0 e
Active ingredients o < < 4 - g:: = ~
wyd 5 s T o EE 5
c2xTocHI2 £t | A
L EB058EES SRR
4 dJ4 J J O 4 E I T ¥ E S Wwow 5
O oooadoa o N N < < q = = 3
o o oo O<«< < wwO J O 0O o
< < < O Z Z oo o daa o

SULFUR (S) PRESEN
POLYSULFIDE SULFU

SULFUR AS
THIOSULFATE

TAUFLUVALINATE

TEBUFENOZIDE

TETRADECAMNOL

TETRADECANOL

THIACLOPRID

Z,8 DODECENOL
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Table 3Active ingredients$defrbicidgoroducts registered for use in apple and pear production in Australia as at 26/August/ 2020. SourckciPe® MA PubCRIS

t imaerggisterq preduat this table presenG R S .

crops are presented as

0

fhost

and

i ngredients

each active ingredient as a separate entity.

Orchard

139V 33SAdVHIHO,
IVHINIOAIVHIHO
d3aHSITav1s3aadvHOHO

Fruit Tree

3341 1INdd ONIdv3g NON

710 SHA € JdIANQANVINIGERYL 11Ndd

d710 SHA € 43N0 LINY433d.y

liNY4334L

Pome Fruit

1INVINHOALiNYd JINOd

A710 SY¥A € Y3A0 ‘LINYd INOJd

d710 SHA ¢ 43IA0 AdvHOHO 1iNndd 3INOd

AdvHOYHO 1iNdd 3NOd

1iNydd JNOd

Nashi,Pear, or Quince

AEHA € Y3IAO LNVINHOd FONINO|

3JONINO

dT0 SHA € 43N0 dvad LNVINFOd

dvdd INVINJOQd

Q710 SHA ¥ ¥3A0 m<m_n_l

d710 SYA ¢ 43N0 dv3d

ddvHOHO dv3ad

dv3ad

710 SHA € HIAANVINJO@VId IHSVN

d4VHOHO dvdd IHSVN

IMIFSSICMNYIL NVISY) IHSYN

dv3d IHSVN

Apple

d710 SYA € 43N0 F1ddVLNVINIOd

37ddvV LNVINHOd

ININLVIHL INVINHOA I TddV|
d4vHOHO F1ddY
Ad4dVHOHO I1ddV = d0dD FT1ddV|

- B =

AQVI XNIdE1daY

Q70 SHA ¥ 43N0 m_._an_<l

d710 SHA € Y3AO0 FTddV|

d710 SHA ¢ 43N0 A4VHOHO 31ddV

31ddV

Herbicide

Active ingredient

2,2DPAPRESENT AS

THE SODIUM SALT
ASULAM PRESENT AS
THE SODIUM SALT
CARFENTRAZGEEHYL -
DICHLOBENIL

DIQUAT

DIQUAT DIBROMIDE

DIQUAT PRESENT AS
DIQUAT BROMIDE

11:



1389V 33SAdvHOHO,

©
g IVHANITDAUVHIHO
[&]
e Q3IHSI1av.LSIAYYHIHO
o 3341 1INndd SNIdv3d NON
m a0 SYA € HINQNYNIGTREL 1INy
5 d10 SYA € ¥3AA0 LINY4334Y
L LINY43341
INVNYOQHNdd INOd
= d10 S¥A € ¥3A0 ‘LiNdd INOJ
C
) d70 SYA Z ¥3AA0 AYVHOHO liNyd JINOd
an.v Q¥vHOHO 1INYd INOd
LIN¥4 Inod
d®A € 43N0 LINVINEIOAd IONIND)
JONINY
10 SHA € ¥3A0 dvad LNVNHOd
(b}
o dvad INVINHOQd
m\ a0 SYA ¥ ¥3AO0 ¥v3d
S d10 SYA Z ¥3A0 ¥v3d
w QYUVHOHO ¥vad
a
= m<m_al
3
m d170 SHA € YINANVYNHOGVId IHSYN
QYVHOHO ¥v3ad IHSYN
IMIFSSICNYId NVISY) IHSYN
¥vad IHSYN
a10 SYA € Y3IAO I1ddVINVINGOQ
37ddv LNVINYOQ
INTALYIYL INVNHOAATddY|
AYVYHOHO 31ddV|
@ QYVYHOHO 31ddV = dO¥D I1ddVY
o
Anm. AQV1INIdI1ddY
d10 SYA ¥ ¥3AA0 T1ddV
d10 SYA € ¥3AA0 I1ddV
d10 SYA 2 ¥3AAO QHVHOHO I1ddY
il
< L
c [T - w 2 w =
o () w Q3222 Z| 3
D 2w W we| WS wES| wd
o el Sl gl E|E ES<| ES| EZ
() o asS 5 3| gl <351 <2 <5 <<
e c GBSIUSSUSPMSPSW
5 FETSMOOM OCownl 90 OE
Q o w| O I| I Iy Tx|l I
o > NIl S| L9l al ad o<l ol 2
= = SHEI S| 22 > 2| 8| > >Z
[} S} 2wl ol 2SS 4] S| 390 39 LOZ
T < Lol o<x|loloz oal o o0=n

.
£
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Orchard

1389V 33SAdvHOHO,

TVHINIOEIVHIHO

d3HSITgv1LS3IadvHOdO

Fruit Tree

3341 1INd4 ONIdv39 NON

d7170 SHA € JdIAQANVINIGEIRYL 11Ny

d70 SYA € 43N0 LINd433dl

1iNd43341

Pome Fruit

1INVNHOALiNYd JNOd

a70 S¥A € ¥3AO0 ‘LiNYd INOJd

d70 SYA ¢ 43N0 ddvHOHO 1IiNd4 3NOd
ddvHOHO LiNdd INOd

liNdd INOd

Nashi,Pear, or Quince

AEHA € ¥3IAO LNVINHOd FONINO|

JONINO|

d710 SHA € 43N0 dv3ad INVINHOd

dv3ad LNVINHOd

d10 SHA ¥ 43N0 dv3d

dT0 SYA ¢ 43N0 dv3d

ddvHOHO dv3d

dv3ad

d710 SHA € HIAANVINHO@VId IHSVN

d4vHOHO dv3d IHSVYN

IMIFSSICNYId NVISY) IHSYN

dv3ad IHSVYN

Apple

d710 SHA € H3IA0 FTddVLNVINHOd

37ddv LNVINHOd

AININLVIHL INVINHOAATddV

A4VvHOHO 31ddY

A4vHOHO 31ddV = d0dD I3TddV

AQVI XNIdI1daY

d710 SHA ¥ 43N0 I1ddV

d710 SdA € 43N0 I1day

d70 SYA ¢ 43N0 AdvHOHO 31ddV

31ddv

Herbicide

Active ingredient

GLYPHOSATE PRESEN

AS THE

ISOPROPYLAMINE SAl

GLYPHOSATE PRESEN

AS THE MONO

AMMONIUM SALT

GLYPHOSATE AS THE
MONGAMMONIUM

SALT AND GLYPHOS

GLYPHOSATE PRESEN

AS THE

MONOETHANOLAMINE

SALT

GLYPHOSATE PRESEN
AS THE POTASSIUM

SALT

HALOXYFOP PRESEN.

.
.

11



Orchard

1389V 33SAdvHOHO,

TVHINIOEIVHIHO

A3HSIT1aV.LSIAYVHIHO i

Fruit Tree

3341 1INd4 ONIdv39 NON

d710 SHA € HIAQANVNIGIRYL 11Ndd

d710 SHA € U3NA0 1INd433dl]

1iNd4334 1

Pome Fruit

1INVINHOALHNYL 3NOd

a0 SYA € ¥3A0 ‘LiNdd INOd

d70 SYA ¢ 43N0 ddvHOHO 1IiNd4 3NOd

d4dvHOYHO LINdd 3NOd

liNdd 3NOd

Nashi,Pear, or Quince

ATE®HA € Y3IA0 LLNVINHOQ IONINO|

JONINO|

d710 SHA € 43N0 dv3ad INVINHOd

dv3ad LNVINHOd

d10 SHA ¥ 43N0 dv3d

a0 SHA ¢ 43N0 dv3d

ddvHOHO dv3d

dv3ad

d710 SHA € HIAANVINHO@VId IHSVN

d4VvHOHO dv3d IHSVYN

IMIFSSICMMYId NVISY) IHSYN
dvad IHSVYN

Apple

d710 SHA € H3IA0 FTddVLNVINHOd

37ddv LNVINHOd

ININLVIHL INVINHOA T 1daY

d4vHOHO 31dd

A4dVHOHO FT1ddV = 40" 31ddV

AQVTXNIdI1daV|

d710 SHA ¥ 43N0 I1ddV

d710 SdA € 43N0 I1day

d70 SYA ¢ 43N0 AdvHOHO 31ddV
31dd

Herbicide

HALOXYFGP METHYL
AS THE METHYL ESTE

ESTER
HALOXYFGP PRESEN

Active ingredient
HALOXYFGP METHYL
ESTER

HALOXYFOP PRESEN
THE HALOXYF@P
METHYL ESTER

AS THE HALOXYFOP
METHYL
HALOXYF@® PRESEN
HALOXYFGR METHYL
ESTER

METAMITRON
NONANOIC ACID

11-



Orchard

1389V 33SAdvHOHO,

TVHINIOEIVHIHO

d3HSITgv1LS3IadvHOdO

Fruit Tree

3341 1INd4 ONIdv39 NON
d710 SHA € HIAQANVNIGIRYL 11Ndd

d70 SYA € 43N0 LINd433dl

1iNd43341

Pome Fruit

1INVNHOALiNYd JNOd

a70 S¥A € ¥3AO0 ‘LiNYd INOJd

d70 SYA ¢ 43N0 ddvHOHO 1IiNd4 3NOd

d4dvHOYHO LINdd 3NOd
liNdd INOd

Nashi,Pear, or Quince

ATE®HA € Y3IA0 LLNVINHOQ IONINO|

JONINO|

d710 SHA € 43N0 dv3ad INVINHOd

dv3ad LNVINHOd

d10 SHA ¥ 43N0 dv3d

dT0 SYA ¢ 43N0 dv3d

ddvHOHO dv3d

dv3ad

d710 SHA € HIAANVINHO@VId IHSVN

d4vHOHO dv3d IHSVYN

e B e

IMIFSSICNYId NVISY) IHSYN
dv3ad IHSYN

Apple

d710 SHA € H3IA0 FTddVLNVINHOd

37ddv LNVINHOd

AININLVIHL INVINHOAATddV

e

A4VvHOHO 31ddY

A4vHOHO 31ddV = d0dD I3TddV

AQVI XNIdI1daY

d710 SHA ¥ 43N0 I1ddV

d710 SdA € 43N0 I1day

d70 SYA ¢ 43N0 AdvHOHO 31ddV
31dd

Herbicide

Active ingredient

NORFLURAZON

ORYZALIN

1.

OXYFLUORFEN

PARAQUAT DICHLORI

PARAQUAT PRESENT

PARAQUAT DICHLORI

SIMAZINE

SIMAZINE AND RELAT!

TRIAZINES

11t



Resistance management

CropLife Austratiaintains pesitile resistance management reviewthaiupsk withternational
resistance action cotteas testandardise labelkng terminology used in the promotion of
resistance management stratdgiesievelopment of resistangesticides by insect pests, plant
pathogens, amgeedgyenerallgccurs through misaseveruse of a pestitide leads teeritable
changes ipest populatioasd results iepeatedailuref a pesticide when usecording to the

label directiori®esticides are groupa classes (Insecticates acaricides, fungicides, herbicides
etc) and within those claasegivenodes indicating their mode of @diéy) Resistance
management atiegies are based aroaiternations or sequencelffefent modes of action.
Resistance Managemerdat&gieor insecticides, fungicides and herbicidesappleland pear
productioare available on the CropLife Australiawebsieoplife.organd the Mo#f active
ingredienre listed in tabkes along with the impact of those active ingredrapisrtant

beneficial organisms inavide ecosystem services such as pollination and biological control of pests
in orcharddt is important to protect those beneficial spiegissbecauseloé ecosystem

services they proviolgalsdbecause theancontribute to management of pesticide resistant pests
It isusually easier to prevent or delay the development of resistancetsahatresistant

population to susceptibility
Insects can develop different types of resistance

1 Metabolic resistanadlows insects to detoxiégtroy, or quicktithemselvesthe toxin
The enzymes involved in these processes may aldefmEebroa and degrade many
different insecticides, leading teresistgance.

9 Target site resistan@ecurs whetheinsect develops a modificatibeeazymgor other
binding sitargeted by tlesecticigéhareduces the ability of the icsgeto affect the

insect.

9 Penetration resistancesults from changes in the insecttbaticl®s/absorption of the
chemicalnd often occurs in tandem with other forms of resistance.

9 Behavioural resistan@ecurs when the ingact detect the presence of the toxin and
avoidt by either leaving the sprayedadesiging around droplet residues

1 Compounds within the same chemicatgndup usually share the saMeA
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Fungal pathogerean also develop diffent types of resistandepending on their M@Ad

thegenetic structure of the pathogens being targeted.

1

Fungal populationan contain individuals with natural regibiahd®come more
prevalent aselection pressure from repeated applicatmssofd fungicide or fungicides
with the same MoA

Risk ofesistance developing depentsarhemical group and the pathogen.
Specific strategigmve been developed to help reduce.the risk

The most basic strategy involves rotdtingiciddsom dferent activity groups but this

could lead to cross resistancesistance to multiple chemical groups if not done properly

Targeted applicatiagainst specific development stajag the appropriate delivery
methodtiming;ates andoveragas provided on the labeilmpwrtant components of any
resistance strategy

Fungal pathogens are generally very sensitive to environmental conditions, especially humidity
and lagth of wetting periddanipulation of the growing enviraamemprove
management of pathogens and pests.

Resistance management stgieshave been developeduiogicides targeting apple and

pear sda
0 Group-3DMIs (demethylatioinibitors)
o0 Group T SDHIs (succinaehydrogenase inhibitors
o Group 9 Anilnopyimidine
0 Group 11 Qol (quinone outside inhibitor)

0 Group UleCell membrarisruption fungicides

Herbicide resistanérvolves two main mechanisms

T

= = =4 =4

Target sitmechanisms which the plant protein that normally binds to thecharigiesde
in ways that prevent the herbiciddigmpting the plarachemical pathway

Non target site resistance mechanispnevbat sufficient herbicide reaching the target site
Group A and Group B herbiardgsighesistanagskherbicides
Groups ), F, GH, I,J, K, M, N, Q, and Z herbicides are moderate risk herbicides

Refer to Chaptetniegrated Weed Management for more detail, including cultural methods

for control of weeds
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Effects of Pesticides on Beneficial Sggci

Table 4Toxicity ohsedtideand miticidetivengredient®warddeneficiapeciesn pome fruit
orchardRatingsre given by letters within the coloured celidMErioderate; H=higihd where

numbers are present in the cells thesenemumber of weafter application that effects last

Empty cells indicate lack of data.

Chemical Predatory mites Parasitoid wasps Other predatory insects Others
é
ke
8 &
gl 8
5| § 2
Active ingredients =3 a E E 2 § » g
Bl 21 g Bl 2| 2| of E| E| 8| o E| Bl 2
s| 81 5| 8| 3| 2| 2| 5| gl £| EB| =| S| §| 2 &
8| 5| 2| 2| g| g| =| 3| 5| &| 3| & g| €| 2| | %
S| 6| 8| 8| & 2| 2| S| £| 8| 8| 5| & & 3] & &
ABAMECTIN 6 6 M M M L-M M-H
ACETAMIPRID 4 | 4A M-H L-M M-H
ALPHA-CYPERMETHRIN 3| 3A
BIFENAZATE 20| 20 L M
BIFENTHRIN 3| 3A M-H
BUPROFEZIN 16| 16 M-H M
CARBARYL 1(1A]L-M M-H
CHLORANTRANILIPROLE 28| 28 L-M
CHLORPYRIFOS 1 (1B |L-M M [M-H L-M L-M
CLOFENTEZINE 10 | 10A L-M
CLOTHIANIDIN 4 | 4A
CYCLANILIPROLE 28| 28
DIAZINON 1| 1B M M M
DIMETHOATE 1|1B M-H
FENBUTATIN OXIDE 12 [ 12B
FENITROTHION 1] 1B M
FENOXYCARB 717B M M
FLONICAMID 91| 9C L-M
HEXYTHIAZOX 10 | 10A
IMIDACLOPRID 4 | 4A M | M-H Iz-zl; M
INDOXACARB 22 [ 22A
MALATHION 1(1B| M M M M
METHOMYL 1 (1A M M M-H
METHOXYFENOZIDE 18| 18
NOVALURON 151 15
OMETHOATE 1] 1B M
PARAFFIN or PETROLEUM OILS OlL L-M | L-M | L-M | L-M M M L-H L-M
PIRIMICARB 1] 1A L-M M M
PROPARGITE 12 | 12C| L-M L-M| M
PYRETHRINS 3| 3A L-H
SPINETORAM 5 M M
SPINOSAD 5 M | M-H | M-H M M
SULFOXAFLOR 4 | 4C M M
SULFUR (S) AS POLYSULFIDE SULFURM [ M3 | M M M-H L-M L-M
SULFUR AS THIOSULFATE M| M3 M M M-H L-M
TAU-FLUVALINATE 3| 3A M-H M | L-M
TEBUFENOZIDE 18 | 18
THIACLOPRID 4 | 4A M-H
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Table5: Toxicity dfingicidactive ingredients towards beneficial species in pome fruit orchards.

Ratings are given by letters within the coloured cells (L=low; M=moderate; H=high) and where numbers
are present in the cells these represent number of weeks after applicitiasthagsty cells

indicate lack of data.

Chemical Predatory mites | Parasitoid wasp{ Other predatory insects Others
T

Active ingredients

Galendromus (Typhlodromus) occidentalig
Galendromus (Typhlodromus) pyri

Chemical sub-group
Phytoseiulus persimilis
Neoseiulus californicus
Aphelinus mali
Mastrus ridens
Trichogramma spp.
Lacewings

Ladybirds

Syrphid (Hover) flies
Cryptolaemus montrouzieri
Predatory bugs
Spiders

Earwigs

Bees

BOSCALID
BUPIRIMATE
CAPTAN
COPPER AS CUPRIC HYDRPXMIDE
COPPER AS TRIBASIC COR
SULPHATE

COPPER AS COPPER
AMMONIUM ACETATE
COPPER AS CUPRIC
AMMONIUM COMPLEX
COPPER AS COPPER ML
OXYCHLORIDE L-M
COPPER AS COPPER
OXYCHLORIDE & COPPER | M1
HYDROXIDE
COPPER AS CUPROUS OXID&
CYPRODINIL 9 L-M
DITHIANON M9
DODINE u17
FLUAZINAM 29
FLUOPYRAM
FLUXAPYROXAD
FOSETYL-ALUMINIUM 33| P07
HEXACONAZOLE
IPRODIONE
ISOPYRAZAM
KRESOXIM-METHYL 11
MANCOZEB M3 M-H|L-M L-M
MEFENTRIFLUCONAZOLE
MYCLOBUTANIL
PENCONAZOLE
PENTHIOPYRAD
POTASSIUM BICARBONATHM2
POTASSIUM SILICATE M2
PYRACLOSTROBIN 11
PYRIMETHANIL
SULFUR AS WETTABLE SUM2R  [M-H
SULFUR AS POLYSULFIDE

< | o [~ [Mode of action Group

M1

M1

M1

©

SULFUR M2 M-H
SULFUR AS THIOSULFATE |M2 M-H
TEBUCONAZOLE 3
THIRAM M3

TRIFLOXYSTROBIN 11]
ZIRAM M3 L-M
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Table6: Toxicity dferbicide activegredients towards beneficial species in pome fruit orchards.

Ratings are given by letters within the coloured cells (L=low; M=moderate; H=high) and where numbers
are preent in the cells these represent number of weeks after application that effects last. Empty cells
indicate lack of data.

Chemical Beneficials

Active ingredients

Carabid beetles
General beneficials

Bees

g
£
>
9
3
o
o

2,2-DPA PRESENT AS THE SODIUM SALT |

ASULAM PRESENT AS THE SODIUM SALT

CARFENTRAZONE-ETHYL

DICHLOBENIL

DIQUAT

DIQUAT DIBROMIDE

FLUAZIFOP-P PRESENT AS THE BUTYL ESTER

GLUFOSINATE-AMMONIUM

GLYPHOSATE

HALOXYFOP-P METHYL ESTER

HALOXYFOP-R METHYL ESTER

NONANOIC ACID

>>|Z|zZz|>»|r|r|O|® |3 |« [Mode of action Grouf

NORFLURAZON F
ORYZALIN D
OXYFLUORFEN G
PARAQUAT DICHLORIDE L
SIMAZINE C

Apart from néarget impact diaectontact witkpray droplets and resichergeficial speciae
also impacted by the effetherbicides ground coveegetatiothat acts as a source of nectar,
pollen, prey, or shelfére impact on prey and shelter is particularly imporgenisic itte
predatory Carabieketles
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Chapter 7: Mating disruption

IPDM gick facts

T

Insects use chemical cues to detect hosts, bilaadeasvarnings, attract mates, and to

aggregaten sheltered sites.

Traps baited with sex pheromones, kairomones, or combinatoarshaf betd to
monitor insect populations

Mating disruption disperserpest specific tools thhhen used at appropspsial
densityemit pheromonatconcentrations that disrupt insect communication systems and
cause delayed mating that in turn redueesntti¢y of female pest insects

Mating disruption works best on low populations of pests but can be used against higher
populationas part of an IPDM program whereeowniary tactics suchedsasing egg
parasitoidsr applying ovicidal pestitodesiuce egg hatelse of entomopathogenic
virusesfungi, bacteyiar IPDM compatible pestitodad pest larvaeapping of adult

female pest inse@sdparasitoid waspgptey on overwintellismyae and pupaee used
tolowelpest populatiotslevels suitable feating disruption.

Mating disruption does not prevent mateddetemigstreated blocks from neighbouring

untreated areas

Trapping adult moths in areas under mating disruptidrapsdo@ieessd with higher
pheromone loads than standargddncebest results are achieved with combinations of

pheromone akdiromones that work synergistically and attract both sexes of the pest.

Different mating disruption prdauetsdifferent requiremiengpatial deity and
distribution of dispenssigagepreparatio@pplicatiomnd placemeathniquesindit
is critically importantead and understand thedafmeusing the products.

Mating disruption products need to be deployeduefohsepresent

Mating disruption products are sgeeefiand therefore have no side effects on species
other than those the label. This meanssdndary or minor pests that were being
controlled yroader spectrum pesticides may become mtarg inmtibpredator and
parasitoigopulations (that were impacted by the pesticideahcdeergdrcontrol.
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Insect Communication

Most insects use emission and detection of chemicals as part of their communication system. Volatile
chemicals producednhbgt plants (host plant volatiles or HPVs) are used by pest insects to find

suitable plants on which to lay eggs. Some plants produce other volatile chemicals in response to attack
by pests and many predatory insects use detection of those clerategisasdance of prey.

Some beetles produce chemicals (aggregation pheromones) to send a message to other members of
their species that a good food source or a good shelter is available. Aphids and some other insects like
bees and wasps produce alammicdis to warn other members of their population that danger is

present. The discovery that many insects have-amgmficeshemical signalling system based on

sex pheromones that allow males and females to find one another, mate and predticona new gen

has led to development of highly specific techniques that humans use to detect, monitor and control

insect pests.

Commercially available products using artificially produced pheromones and host plant volatiles can be

used to manage orchard pesevieral ways:

1 Sex pheromone traps are used in Australian apple and pear orchards to monitor population
trends indicated by capture of male moths and use the data to forecast spray dates for

0 Codling moth
o Lightbrown apple moth (LBAM) and
0 Oriental Fruitth (OFM)

1 Parapheromones (male attractants of plant origin) are used to detect and monitor male fruit fly

population trends.

1 Aggregation pheromone traps are used to monitor, and contrappyng&arpophilus

beetles.

1 The introduced parasitoid Wksirus ridenses the larval aggregation pheromone

produced by cocooning codling moth larvae, to locate and identify suitable hosts to parasitize.

1 HPVscan be used to attract predatory species such as ladybirds and lacewings into orchards
before pest polations become reach damaging levels.

1T Sex pheromone di spensers that Afl oodd the
disruption products for control of codling moth, LBAM, and OFM

1 Combining HPVs and pheromones in a single trap enhancesottaptate afid female
codling moths in orchards treated with mating disruption and reducesstiskaifnghder

pest population size.
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What is mating disruption?

When sex pheromones were first developed for monitoring of pest insects studies in which marked
moths were released and then recaptured in pheromone baited traps at relatively large distances from
the release sites led to the conclusion that male luh dgtectovery low concentrations of the

pheromone compounds and follow a single scent trail to locate a specific female moth. This thinking
supported establishment of widely separated traps in grids for monitoring population trends in orchards
and devepment of action thresholds based on magnitude of male capture in the traps. A refinement of
that approach was development of phenoadgeted mating disruption in which a grid of powerful
dispensers released relatively massive quantities of pheramorghant to provide so many

strong scent trails that the male moths becomes confused and unable to find females. The concept of
false trail following leading to confusion and exhaustion of hapless males became accepted as the
mechanism behind maiisigidtion as a pest management strategy. As researchers gained more
experience with mating disruption new knowledge on insect behaviour and mechanisms of disruption
developed. Different species appeared to be disrupted by different mechanisnigtedd some exhi
different mechanisms at different times in the season. In some cases, competitive attraction between
the pheromone dispensers (artificial point sources) and female moths (natural point sources) leading to
false trail following explained the resnlts.ot her cases, sensory overl oa
and resultant ovaxcitation of the antennal lobe in the brain due to the high concentration of

pheromone close to the dispensers was shown to shutdown the moth and take himeut of action for th
rest of the night. However, mated female moths could still be found in disrupted orchards. Further
studies demonstrated that mating was delayed relative tadthaiptedarrchards. The impact of

delay was a reduction in fecundity which meamhétinsdhid fewer eggs and the rate of population
increase decl-bheddetddsand ssaneedétclméidr gr owt h r
their lifespan is measured in physiological timddgegrather than chronological time (days).

The delay in mating is therefore measured adaysgreemperatures at which degyse

accumulate more quickly should resultin greater delay in mating and therefore greater efficacy of
mating disruption. For codling moth the most important foechatimgdisruption appears to be

competitive attraction, which suggests that higher densities of pheromone point sources should give
better results than lower densities.

Most of the mating di srupti onsepminthdtthet s avai l at
pheromone release rate varies with temperature and they cannot be switched on and off to conserve
their contents during periods when moths would not be active. Aerosol emitters actively release small
particles of pheromone and can banpnogd to release at only when moths would be active, such

as evenings in the time a few hours before dusk until a few hours after dusk. Aerosol emitters against
codling moth also work by competitive attraction but because the amount of pheramione released e

Apuffo creates a | arge plume di spersed by the
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pheromone is deposited on and adheres to the leaves, which then act as addition point sources
releasing pheromone. Research in the USA denthasfratederosol dispensers per hectare gave
equivalent control of codling moth-a8@DPassive dispensers per hectare.

Advantages of mating disruption

SpecificityEach of the pest moths produces a specific type of chemiaadsignather This

means that the mating disruption products which use these pheromones are effective only against the
pest at which theyo6re targeted. For exampl e,
codling moth, but not light brovenrapih, oriental fruit moth nor any other insect in the orchard.
However, there are products available that contain, either mixed or in separate compartments,
pheromones for control of both codling moth and OFM to be used where both spedies exist together
the same orchard block. Mating disruption agents have no effect on biological control agents
(predacious mites, hover flies, Trichogrammaetc.) or bees.

Reduced pesticide.uS®nventional insecticidal control of these moths usually requires frequent
applications to be made throughout the season. Thisis particularly the case for codling moth where
entire insect pest management programs are based on how codling moth is controlled. Mating
disruption used in an IPDM program supporting biolobagerdsrdétwuld allow for the number of
insecticide applications to be reduced (but note the section on emergence of secondary pests below).
New formulations of mating disruption products that can be applied mechanically, or that contain
dispensers for tgpecies, are reducing the cost of labour for application of dispensers. Because
biological control agents such as hoverflies are likely to become more active, fewer sprays should be
required for other pests.

Fewepesticides on fruMating disruptaments should allow you to use fewer sprays which will
lower the possibility of fruit being contaminated with insecticide residues prbeldatjthat with
periods are followed.

Can mating disruption be used on my block?

Before deciding to use matingptisn to manage pest moths it is important to assess the suitability of
your blocks. Several factors need consideration.

Pest numbersMating disruption works best when pests are present in low numbers. Where pests are
present in very high numhbiergifportant to work out why such a high population is present. It could

be due to excessive pesticide use selecting an Hnesigtardgoopulation. If this is the case then a
combination of mating disruption and appropriately timed sprajg mfeanithsedifferent mode

of action to those previously used should be considered, in conjunction with cultural controls such as
orchard hygiene to clean up after harvest so that no, or very few, unsprayed fruit are left on the trees to
be infested aftharvest of the main crop. For example, leaving &5 fieit psrdpanel could result
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in an extra 500 codling moth or OFM larvae per hectare overwintering in the orchard. LBAM is not
dependent on fruit, does not diapause over winter, and grouivesover plants like capeweed

and a wide range of introduced shrubs and native plants, Mated females will probably be present before
green tip so introducing egg parasitoids like Trichogramma in early spring when those LBAM females
will be laying eggs the fruit trees could be considered, before application of mating disruption. It is

also possible to augment mating disruption by applying IPDM compatible insecticides.

Block shape and sizdating disruption should not be used in blocks or Greaguniusees

which are under 2 hectares unless they are isolated from other sources of the pest and preferably
enclosed by windbreaks, or protected by hail netting, that reduces the effects of wind and helps contain
the pheromone. Mating disrupt®maie/ork well in long thin blocks that have high perimeter: area

ratios.

Likelihood of migratioMating disruption will not stop mated female moths from flyinginto a block
and laying eggs. Blocks adjacent to areas in which moths are not congoitadlarfer mating
disruption. Encouraging neighbours to clean up and, preferably, implement mating disruption will
improve outcomes.

SlopeMating disruption will work best in flat blocks. Pheromones drain away with air movement down
slopes. Theffect can be reduced to some extent by higher loadings higher up the slope.

Wind and sheltefhe pheromone concentration is diluted in windy or exposed blocks. Hill sites are
often windy and present several potential problems. Pheromoraisdieanmill tend to drift

downhill. Most pest moths do not fly in turbulent windy conditions. Wind blowing up the windward side o
a slope will often create a calm zone just over the top on the lee side but then creates a turbulent zone :
little furéer down the slope where the wind direction may heveage.zone on the lee side near

the crest of the hill, combined with a potential reduction in pheromone concentration due to downhill
drift, could provide good conditions for moth flight aktbweatarg the reversal of wind direction

due to turbulence may counter the pheromone drift. North and West facing slopes also experience
surface winds travelling uphill (anabatic flow) as a result of warming during the day and, because such
aspects tertd stay warmer longer the anabatic flow if strong enough may redistribute pheromone onto
foliage higher up the slope. Slopes with a South or East aspect would be expected to be cooler and
would experience katabatic (nocturnal downhill) flow eafiéenaother evening so would

probably be more at risk from poor performance of mating disruption. Wind also affects longevity of

passive pheromone dispensers by increasing evaporation rate on the surface of the dispenser.

Trees.A uniform block with hégkls of canopy cover (no gaps between tree canopies in the row) is
better than one with many young, undeveloped, or missing trees.
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Optimising the effectiveness of mating disruption

Numbers of dispenseasd timing of application

There are now morethalozen mating disruption products available for codling moth management
and some of them are dual action inthat they also target OFM. The various formulation types also have
different requirements in terms of dispenser placement and the remabes appliga per

hectare. As with any pestiitiideessential to read and understand the label before using the

product The mating disruption dispensers must be set up well before the emergence of the first moths
in spring. Records of monitommgfavious seasons can be used to calculate this date provided

your traps had been in place early enough to detect firstemergence. Since both codling moth and OFM
are dependent on deciduous fruit trees as hosts they have synchronised their spoing emergenc
coincide with growth stages of their major hostsgéheritish larvae of OFM target growing

shoot tips and the moths that lay the eggs that produce those larvae start emerging when peaches are
starting to flower. Mating disruption agairke@feké needs to be in place fresavblhdf

possible and preferably no later than start of flowering of peaches-eathtSAptumsber in

most apple and pear growing areas in Australia. Codling moth mating disruption dispensers should be ir
place by spur burst and preferably no later than pink on pome fruit. Where combined codling moth and
OFM mating disruption products are being used, the dispensers should be in place before OFM adults
begin to emerge. Using the trees as indicatorsisansualiyble than trying to forecast

emergence based on historical pest monitoring data. Prediction of emergence date based on degree
day accumulation frommiinder as used in the USA has not proven reliable in Australia probably

because of our milderters. The timing of application will vary between regions and application times
from other districts should not be used. Where there is uncertainty contact your local horticultural

consultants.

Length of effectivenes®ispensers will release effdgthigh concentrations of pheromones into

the orchard for a period of 200 days under Australian conditions. Late season moth problems should
not occur ifgood control has been observed throughout the season. However, where monitoring (see
below) hasdicated that moth populations are not under control, a late season insecticide application
may be necessary. Release rates from passive dispensers varies as temperature fluctuates. Cooler
conditions result in lower release rates, which is why passtve dégal to be in place well before

moths emerge, so that enough pheromone has deposited on leaves during the day to provide enough
point sources around dusk to disrupt moths.

Effective applicatioWvhen applying dispensers for mating disruptiectitheistip create many

relatively uniformly distributed point sources emitting pheromone across the block. Where there is
greater risk of moth infestation the number of point sources (dispensers) per unit area should be higher.
The product labels amsbagated technical bulletins provide detailed instructions for deployment that
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must be followed. Application methods for these products vary with the type of dispenser used. General

hints that apply to all dispensers include:

1 Draw up a good block plamébstarting the job and conduct a briefing so that staff deploying
the dispensers are clear on where the dispensers are to be located, how high in the tree
canopy, and how to get them there without damaging the dispenser or the tree.

1 For twistie type dpensers gently bend the dispenser around the branch and use one loose
twist to attach them so that they move easily but cannot fall off. Tying too tightly can crack the
casing, causing leakage of pheromone, or lead to girdling of the branchts Some produc
with colour coding so that staff can distinguish between the old and new dispensers. Thisis

particularly important if winter pruning was delayed and pruning is continuing in early spring.

1 Dispensers should be placed high in the tree can@pthizetsawhere calling females will
generally be located. Provision of a ladder, or preferably either a cherry picker or picking
platform will ensure staff have no excuses for not placing hand applied dispensers high in the

tree and will reduce the taaded to distribute the dispensers.

1 Mechanically applied formulations need to be mixed properly before use and if they have been
stored under refrigeration may require time to reach air temperature before stirring.

1 Aerosol dispensers should be mountegsithat prevent ants entering the dispenser and,
because the propellant sometimes is phytotoxic, should be positioned so that they do not
directly spray on to nearby foliage.

1 Do not place pheromone traps, used for monitoring pest ptpesatices,1m to
pheromone dispensers or in the case of aerosol dispensers they should be placed several

trees upwind of the dispenser.
Is mating disruption working? Monitoring in mating disruption blocks

As with any form of pest management it isirtgportaitor and determine if what you have done

has been successful. In conventional orchards which rely on insecticide applications monitoring is
carried out using pheromone traps. One measure of performance of mating disruption used in researct
and egistration trials is the degree of trap shutdown in the treated plots compared to untreated plots.
Commercial orchards will not have enough untreated plots to use as comparisons but a modified
method, that carries some risk, is to use capture ctamolislipheromone traps as an indicator

that mating disruption is not working. The theory is that if male moths are captured in standard
pheromone traps in a block treated with mating disruption then they must be able to find female moths
in the block. Vi#this is correctit does not mean that mating disruption is not working. As mentioned at
the start of this chapter, mating disruption works by delaying mating and not by eliminating it completely

Therefore, capture of moths in pheromone trapsdisraptiog treated orchards simply indicates
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that pest populations are so high that supplementary treatment with pesticides or biocontrol agents may
be required. The risk associated witiestimeting codling moth populations in disrupted orchards

canbe reduced by using pheromone traps baited with high dose (10X) pheromone lures combined with
kairomones, such as pear ester (often code named DA), that not only improve capture of male codling
moths but also attract females. In the case of OFM lawith feral@es are attracted-takbed

isoup trapso containing fermenting brown sugar
liquid traps are messy and need to be serviced and refreshed frequently. A dry trap equivalent baited
with pheromoragetic acid and terpinyl acetate has performed well in trials overseas and should soon

be available in Australia.

Crop monitoringStructured monitoring for early signs of damage, and development of situational
awareness in all orchard staff are impottafur detecting potential problems before they get out of

control. The monitoring techniques presented in chapter 3 are suitable for this purpose.
Emergence of secondary pests

Where orchard size, condition and topography make it possible thsrsptioattagontrol pest

moths there is one other issue to consider and plan for contingencies. As with all pest management
strategies which minimise the use epectdim insecticides, insect pests previously considered
occasional or secondaryingagase in importance in thetehwort If the orchardist has been using

other IPDM compatible control measures before changing to mating disruption the orchard will usually
have active populations of beneficial species that will be keepirgppeig antbsiealybugs

under control. Pests such as budworms (Helicoverpa or Heliothis larvae) and loopers that may have
been controlled by early season codling moth, LBAM or OFM sprays may require alternative treatments
but there are egg parasitoidstinseci r us pr oduct s, and other HAsoft
instead of resorting to chemicals that are known to be toxic to beneficials (see Chapter 6 for impact of
pesticides on beneficials). The damage caused by these secondary pestsus setdgin seri

consider a return to conventional management of codling moth, light brown apple moth and/or oriental
fruit moth.

More information
SeeChapter &nd the specific chapters covering the individual pests for monitoring methods.

SeeChapter or impact of pesticides on beneficial species

Consult PubCRIBtips://portal.apvma.gov.au/pyforisarent status and copies of product labels

for registered mating di sruption products (uUsSeE€
check which crops they apply to, then click onthe [viewAlabeNYOREAD THE LABEL
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Apple and PearHDM 6 y:

Chapter 8Pest and Disease Factsheets

Alternarialebfotch and fruit spot

Apple dimpling bug
Apple leafhopp&anary fly)
Apple mosaic virus

Appé scab (Black spatd pear scab

Armillaria root rot
Bitter pit

Bitter rot

Codling moth

Fruit flies
Grasshoppers
Helicoverpa and loopers
Leafrollers
Mealybugs

Mites

Oriental fruit moth
Pear blossom blast
Pear and cherry slug
Phyopthor root and crown rot
Powdery mildew
San Jose scale
Silver leaf

Snails

Spring beetles
Thrips

Weevils

White root rot
Woolly aphid
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Apple and Pear IPM 6 %

Alternaria leaf blotch and fruit spot

IPDM quick facts

91 Do not rely on overseas informabtah Alternaria becausepsymsssociated witkaf
blotch and fruit spot of apple in Auseaidby different to those expressed overseas

1 Alternarialeaf blotch is a serious disease of high value apples (e.g. Royal Gala, Pink Lady and
Fuji) in Qld and NSW apple production areas, especially during wet seasons. It is a minor
disease in other regions. Alternaria fruit spot has been lexelsitdatimit production
in the Granite Belt (Qld), Sydney Basin and Orange (NSW).

1 Allleaf stages and types are suscepiilbberiaria leaf blotcasions first appear in late
spring (about 40 days after bloom) or early summer as smalindrepibds, often with
purple borders. Spots can enlarge to irreguiaduatieivrshaped lesioAs 2m
diameter).

1 Alternariaditspotinfections occur after leaf blotch from about 100 days afterdloom to 2
weeks before harvest. Lesions typegailyn fruit lenticels as small, lightly sunken, light to
medium brown spots, observed after rainfall before harvest or after coldstorage. Lesion
fruit do not grow during cold storage, but once fruit is removed existing spots continue to grow
proviling an entry point for other fruit rots.

1 Thepathogen survives as mycelium ininfected leaf litter, canopy leaves, twigs and buds, with
leaf residue the main source of overwintering inoculum for leaf infection.

1 The period from mid spring to early Ssrahtlee greatest risk for leaf blotch primary
infections. Thereaftisedse increases rapidly during humid (above 70%), wet and warmer
summer weather -3 C). Disease severdy vary from year to year and among apple
varietieSlhe severity of leaf infection increases when warm and rainy conditions occur in
summer, often causing considerable defoliation (leaves turn yellow by midsummer).

9 Leaf lesions, which appear befodedroins, can act as an indicator of when to begin control

measuredonitor leaves from-spdng onwards to determine leaf blotch incidence and

severity and risk of further infections.
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1 The decisionto appigtective fungicides for early and latn siésease congbbuld be
made based on block history (disease pressure), cultivar susceptibility/importance, levels of
primary infection detected during seodtiwgathéactors that influence disease

development

1 Noactiorithresholds have bestablishetb guide fungicide applicatiomwever, research
in Australia showed that an initial incidence of leaf blotch of less than 5% in early summer
resulted in 25% of leaves infected at 110 days after bloom, causing severe defoliation.
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Managenm# Notes

The Australian IPM program includes monitoring and cultural and chemical control practices integrated
to manage Alternaria leaf blotch and fruit spot. Orchard sanitation is essential to reduce the levels of
overwintering inoculum. This inclydiesatapn of urea to trees or ground at leaf fall to promote

breakdown of leaves and raking and mulching of pruned plant materials before leaf emergence in
spring. In blocks with a history of disease, protectipediroadfungicides can be applied onc

initial leaf symptoms appear in Gbetmber to reduce sources of inoculum for further leaf

infections and preharvest fruit infection, especially when warm and wet conditions prevail. These can be
applied as part of regular late spring scab gpaay. prpplication of-taason protectant

fungicides should be considered, as permitted by withholding periods, if the preharvest risk of fruit
infection is high. There are fungicides effective against Alternariathat are registered for scab or for
Altenaria control either as full registration or under permit (please consult your chemical supplier). After

harvest, consider applying fsmecirum fungicides at sites where severe defoliation has occurred.

Figurel: Symptoms of initial lesions of Alternaria leaf blotch.
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Figure2 Older lesions of Alternaria leaf blotch.

Figure3: Alternaria fruit spot symptoms.
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The pest and its impact

The disease Alternarialeaf blotch of apples is relatively widespread internationally. In countries other
than Australiathe fungus causing this digd@sedasa mallhe situation is more complexin
Australiawhere, in additidnni@liseverabther species of Alternaria appear to cause leaf blotch

and fruit spot symptoms.

This has important implications:
91 Australian species seem to cause subtly different symptoms to those from overseas.

1 In some areas, notably the Granite Belt, fruit symmptoresaxere than is the case
in either overseas infectipmsinfections occurring in other parts of Australia. In the
USA fruit damage has been descri bed as #dr

concern is premature leaf fall.
1 Consequently, ¢@h of the disease may vary between regions.
Life cycle

The exact identity of the Australian species of Alternariaresponsible for leaf blotch and fruit symptoms
is not clear. Alternaria species commonly survive through winter in leaf budss andaibeigheav

barkThis disease is likely to be perpetuated through spores survivingin leaf litter, winter prunings and
dormant leaf and flower buds.

Through the early part of the fruit production season the pathogen stays retaivghgioatyive,

small lesions and often not being observed at all. The disease develops explosively following heavy
summer rainfall events and high hubndrseas, trees which have mite infestations are predisposed

to rapid disease developn@@rtumstaially, in Australia, any underlying stress is likely to make the
disease more severe. For example, Granny Smithis relatively resistant to the disease unless infected

with apple mosaic virus.

Secondary spread of the disease occurs where sporeshictnitdgiaglop on lesions are splashed

by windblown rain. This dispersal is relatively rapid and entire orchard blocks are quickly infected. Be
extremely cautious when reading overseas literature on this isatigiggrikely that Australian

specis of Alternaria cause a similar disease to that seen overseas but may be quite different and
respond to different management techniques.

Damage

Leaves Lesions may not appear until well in to summer but precede fruit infections. They first appear
as smaJ roundish purplish or blackish spots which gradually enlarge. Low levels of these types of
lesions are present on the tree and may be found on mostleaves.
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Progression of leaf symptoms. Early purplish lesions (left), later light brown lesiog)s (
and yellowing leaves (right)

A significant, summer rainfall event triggers disease development and the number and size of the
lesions explodes withindays. The appearance of the lesions also changes. They become light brown
with a distinctiperplish border and have an irregular shape. As they continue to grow, they coalesce

to form large necrotic areas. Leaves turn yellow and drop. Severe early defoliation is often seen as
early as January in severely infected blocks.

Defoliated treas January after an Alternaria infection

Fruit Both the incidence and appearance of fruit symptoms varies. In Queensland, fruit damage is
often common and causes significant economic loss. Small, slightly sunken, light to medium brown
spots appear on the lenticels of the fruit, often saomedftandausually no earlier tanegks

prior to harvest. Interestingly, fruit spots do not appear during storage, and preharvest Alternaria fruit
spots do not appear to enlarge significantly during cold storage. However, once removed from cold
stadage existing spots can continue to grow in size, and new spots can develop, providing an excellent
entry point for other secondary fruit rots.

Fruit symptoms are relatively rare iamdSVitoria Where they are seen they are sonigiemes
those seeim Queensland, but more often they are less conspicuous depressed, dark lesions which are

centred on a lenticel and may have a red halo.
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This disease should not be confusédtevitiariaore rot, or mouldy core, a postharvest storage rot

caused byltenaria alternata

Alternaria fruit spot symptoms commonly seen in Queensland (left) and New So
Wales (right)

Similar Damage

A number disorders cause foliar symptoms similar to those caused by Alternaria including bitter pit
andElsinoé piri

Alternaria fruit spot has similar symptoms to those caused by bitter pi
and Elsinoé piri (right)

Individual lesions causelliynoé pitbok like those caused by Alternaria but are usually far more

numerous; there may be hundreds on a single piece of fruit.
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Prevention and good orchard management

Remove or destroy prunings

In blocks where Alternaria has been a prolhepoitast to make sure that all winter prunings are
mulched and completely broken down or are removed from the orchard and destroyed before leaves

begin to emerge in spring. This will reduce the amount of carryover inoculum infecting new growth
Urea apptiation

Management aimed at reducing overwintering black spot spore carryover will also be effective against
Alternaria. Ground and foliar applications of urea well after harvest will help leaves to break down more
quickly and completely. Fallen leavesuamgs should be swept into thewts that routine

mowing operations shred and mulch them allowing them to break down more quickly.

Varieties

Most varieties are susceptible to this disease to some degree. The disease is particularly severe on
Gala, Cripps Pink and Red Delicious. The disease is very rarely seen on Granny Smith. Note that trees

of all varieties can become infected if they are stressed.
Tree health

Maintaining overall tree health is particularly important in reducingahsedbyabes disease.
While other maladies can exacerbate Alternaria leaf blotch and fruit spot, control of mites is particularly

critical.
Monitoring

It is possible to get a reasonably accurate estimate of the severity of the Alternaridyroblem by close
examining leaves from around October onwards. At this stage the disease is indicated by presence of
small purple lesions. This can be used to guide decisions ongadynaethtoiseason

fungcide applications. However, where mandostgghat the diseasealseadyvelt

establishetienfungicide applications are unlikely to have a greadefiec careful

management is required for next season.
Management

Responsible use of pesticides

Thedecisionto apply protedtingicides for control of Alternaria leaf blotch and fruit spot should be
maddbased on region (climatd}ivar susceptibdiig block history (disease pressurduang

the growing seasbased oa combinationtbé risk of further diseaseldpment from levels of
primary leaf infections detected during scwolthmyweathdn orchards where the risk is known to
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be highfungicide applications during two distinct periods of fruit désesllgamdrate season)
are required poopdly manage Alternaria leaf blotch and fruit spot.

Early season fungicide applications.

If the risk of Alternaria leaf blotch is alwagblbihof three fungicide applications at weekly
intervals must be applied from petaktalpress early disease develogrhemtisease may not
be evident at this stagethuty b@resent agerysmall lesions or overwintering spgiesit

debrs. Often growers only react when they seesjisgaisendut the benefits of spraying before
symptoms are apparent will become legtentthe seasdiere are several protedtangicides
thatwillprovide some degree @adie contrbve arffect but the greatest reduction in disease

severitwas observedthapplications of trifloxystasbpart of a scab program

Rows of gala apple trees which have been treated with two

di fferent fungicide regi me:
applications was made to the near row. Early season
trifloxystrobin and late season mancozeb were applied to th

row. Note the difference in leaf fall

Resistance warnin@rifloxystrobinis a group 11 fungicickfeamixed with a group 7
fungicide. Both groupsrestricted bysistance management guidelines to a maximum of three
sprays per seaséiurthermaraftetwo consecutive applicabbgsoup 7 andfmoupll

fungicideat leasthe nextwo sprays appliedist be from groups other#twarl beforeanymore
group 7 or groupfatgicides aspplied. This means émygroup 1Ilgroup ,Jormixture ajroup

7 and group fngicidased against black spot (scab) betwebnrspand petal fallisbe
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counted as part of the total three applications permitted for the season. In areas atridk of Alternaria
black spat will be especially impadartnserve applications of gragnodd 7 fungicides use
after petal falbthattheycan fulfil roles against black spot and Aligtiiibeaamapplication

IPDM warnindirifloxystrobscompatible with IPDM but some Group 7 chemicals that may be
conbined in products that contain trifloxystndbedetrimental to benefisatsin IPDRefer
to Table 5 in Chaptdoraoxicity of fungicide active ingredier®READ THE PRQDUABEL

Lateseason fungicidesEarly season fungicides will usuafiyoemtie eartijseassuppression
anddonot providiiltseasorontrol without the additional application of late season fungicides.
Research conducted in Australia has shown that mancozeb and/or dithianon arelgt®d choices for

seasomsprayng

IPDM warningSince mncozeb has negative impaasroe species predatory mitaat control
European Red Mites (E&idthe Trichogrammaspshat help control lightbrown apple moth
(LBAM)growers inegas \WwereERMand/or LBAMe problemasbould userchard hygiene and
appropriatearly seasdactics toeduce risks from Alterisarthat they do not risk disrupting

biological control BRM and LBAM needing to apply manclatebin the season.

Problems may occur when significant rainfall occurs during the withholdingpestiottesthese

Apples cannot be harvested for 14 days following application of mancozeb and 21 days following
application of dithianon. Applying both early and late season fungicides should reduce the threat of late
season outbreaks. Regardless, fruiedamadgyto only occur where leaf damage has been severe

for a long period of time; maintaining tree health until two to three weeks prior to harvest should resultin

reduced fruit damage.

It is very important to realise that this disease will n@ted febmiorchards with a single season

of careful fungicide application. Growers should adopt an integrated approach to the disease
management and should apply fungicides for at least four seasons, regardless of disease severity, to
gradually reduce thecaint of disease inoculum. Monitor the outcome of repeated applications and
slowly withdraw any extra sprays where control has been achieved.

CautionWhile some aspects of information from overseas may be useful, Australian Alternaria blotch
and fruit spbehaves quite differently with respect to control. Recommendations from overseas
publications should only be used in Australiawith extrefer exaiopléustralian research

has shown that mé&mygicides which have provided control deeibesscapta@yre ineffective

on Alternariere.
More information

The following local publications provide information which will be useful in understanding and managing

this disease.
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Horlock, C. 2007. Final Report HAL project AfM@5086a fruit spot: New Directions. 53pp.

Persley D 2008. Diseases of Field Crops. Apple and Pear. Queensland Department of Primary
Industries and Fisheries.
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Apple dimjing bug

IPDM Quick Facts

1 The pest commonly called apple dimpling bug in Naastamipynctaticollis3a
different insect to the pest called apple dimpling bug on thEamgiglanthia
liebknechji.

1 Tasmanian apple dimplingNtastama punctaticbidéis also been recorded from NSW and
SA but does not appear to be an orchandhuest states.

1 N. punctaticolissa pest in Tasmania where macrdoa@ppassSus macrocarpa
windbreaks, or even solitary trees, are alongside orchard blocks. The damage reduces with

distance from the macrocarpa.
1 C. liebknechspresent in QISW, SA, and VelAd damages apples inthose states.

1 Life cycles andamagement varies between the two pests. Always be sure that the
management you are using applies to the pest in your orchard.

1 \Varietal ssceptibility to dimpling bug davaaiges witlight coloured varieliks Granny
Smith and Golden Delidreggsientidamagedsalasalso susceptible

1 Monitoring of macrocarpa in Tasmania and flowering wattle trees onrthatenainland
winterearly spring before appbesirs andashi reach spaurst will give an indicatfon

local populations of dimple bugs.

1 Pome fruit is most susceptible to damage by dimpling bugs betwedarttidyink bu
bloon stages. If resident populatiesrsorchards are easily detéhted a prophylactic
spray at pinkdwould usually be warrarfReder t€hapteb for informati@aoutoxic
effectof pesticidesnbeneficial spectesavoid disrupting pollinatioméedontrol.

1 Thevariable action threshol@ iaeknechtis based on the number otibyg
accumulatatiiring the flowering pdrand pink bud petal fall

1 A thresholidrN.punctaticolhas not been developed but in most cases spraying the nearby
macrocargarior to pink bud on apples gives sufficiieit co
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1 Although they damageeloping fruitlets by feeding on the flowebaitiaiggalsoprey
on Helicoverpa eggphidsind mites.
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The Pests and their Significance

Two species of Australian native insects are called apple dimpling bug. For both species feeding
activities during and shortly after flowering distort fruit growth. Effected fruit is severely downgraded anc
often unmarketable although damage isaludedsgite the similarity inthe damage that these two

insects cause, itis important tthatdeferencem their lifeycles and habits mesmagement

designed for one species is ineffective against the other.

Immature bugs are called nymphsshedthough they are smahey resemble adults despite not
having wings. Nymphs go through several developmental stages called instars in which they grow in

size and develop progressively more evident wing buds.
Mainland Australia

The apple dimpling bug on mainland Australiais

Campylomma liebknedhis present in all mainland
apple growing states and often buiddgeipumbers in|
the inland Queensland channel country before weath
patterns in spring cause diapBast and South into the
apple growing regions of the Queensland Granite

Southern apple growing areas of Western Aukithalia
C.libknechtare greenidtrowrbugsabout 3mm long.
They have spiny legs and a generally triangular sh
formed by their wowyers and dark bands at the base of campyjomma lisbknechti
the antennae. They have a distinctive sweet odour when

squashed.

C.liebknechtymphare a pale green colour and onlylénenginphal instars develop characteristic
black spines on the legs. The early instars can be

with apple leafhopper (canary fly) nyahjgimscloser
examination the leafhopper nymphs have smaller,

antennae that project laterally frdraatheand they als
have a distinctly segmented, vsbdged elongated
abdomen. Tl@ampylomnmgmph has thickerfour
segmented antennae with a dark coloured joint be
firstand second segments. They can also be confusedwithpylomma 4th instar
early instar green igishbut aphid nymphs are more nymph (E. Beers)
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globulaandhave cornicles (6exhaust piped projection

WhileC.liebknecltauses serious damage to agpteminor damage to pears and itiasiiso
considered an important predator of Helicovegphieggand mitesdmmonly feeds on 62

species of plants including Australian native and introduced tree species such as tagasaste
(Chamaecystisus prolife@kinese hawthdringtinia robugt&eraldton wax and watitadgia

sp). Wattle is anportant host across mainland Australia and large numbers can breed up on a
single tree.

Tasmania

The apple dimpling bug in Tasmiigatiama
punctaticolli$ has also been natad from the GammonA

Ranges in South Austrdliés insect looks quite different

| e

to C.liebknechflhe adul.punctaticolissabout 2mm
wide and 7mm la@mpared to the sma&léebknechti
The green body contains red markings which are covere
by the wings when the insectrests. Theewilagk ar
chocolate brown with some green and red markings.

Adults lay their eggs in macrocarpain the period fro
September to November or early December. The eggs do
not hatch until the following July. The hatched nymphg gg"
through five developmesitgjes before becoming adult
dimpling bugs.

Newly hatched nymphs are quite small (1.5mm long) but get longer ingtaestih mature

nymphs are 5mm long. The body of the nymphs is pale green with red markings on the upper surface
of the legs drthe eyes are bright red. Nymphs have tutwimgsbudbecome more evident

witheach successivistar

From late September until about the end of October adult bugs leave macrocarpa and feed on nearby
plants, including apple trees

Damage

The dange caused by both the Tasmanian and mainland types of apple dimpling bug is similar. The
initial fruit development stages of apple are most vulnerable to damage from apple dimpling bug from
pinkbud through until one week after petal faflarivégg occurs between early pink and complete

petal fallvith thenost severe damage occureimgeen early pink and full bloom

The insects feed by inserting their sucking mouthparts into théatestslahipgercing the ovary
and sucking the sap. Scarring associated with
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calloused and scarred. This failure to expaodistattion of the fruitas surrounding healthy

tissue grows normally. This gives affected fruit its dimpled appearance.

Apple dimpling bug shows a marked preference for flowers at full bloom. Fruitdamaged severely by
apple dimpling bug may be sémdlfing in a reduction in yield. Greater numbers of apple dimpling

bugs lead to greater damage to fruit.
Similar symptoms

It may be difficult to distinguish low levels of apple dimpling

bug damage from damage caused by plaguehtipps (
imaginig green crinkle virus or nutritional problems s
as boron deficiemayhout cutting the filthitips damage
is surface deepheeas dimple bug damage goes deep
andbycutting th&uit in half through the diygpievill
usually sethat te core is deformed in line with the
dimpleThere are no deformities of the core associated
with green crinkikeboron deficiency. Boron deficiency . .
often causeteformitiesith associatedrkyareas to Boron deficiency c be
develojin the flesh of the fisiitmilar lookifeeding "O”f"seg L';’;”‘Z ;n/;g’ge’ed’mp/’hg
damage by Harlequin Hisdyras versicolmnd stink

bugshasfinepuncture marksthe skiGreen crinkleisa
graft transmissillleeasgprimarily in Granny Smith apiphésesults in deformed fruit with
depressioand wattike swellings.

Prevention and good orchard management

Varieties

Damage seems more serious on lighter varieties such as Granny smithand Golden Delicious. This
maybe a result of sting sites and the associated dimpling being more obvious. Nonetheless itis logical
that for a given level of actual damagesarked varieties are less likely to be downglresed

dimpled Do not plant light skinned vamdtiesks prone to apple dimpling bug infestation.

Other hosts

Both types of apple dimpling bugs spend critical stagesogiclleedn|ijiants other than apples. In
Tasmania, orchard damage is more likely where macrocarpa is close to thaiokahard. In
Australia, the most critical alternative hosts are wattle andatitigastiEkebkneclaian

appear suddenly inlarge numbers as a result of weatthspersensthe bugs frokand

breeding grounds.

14¢



If these tree and hedge species can be eliminated from the orchard surrounds there will be fewer
winged adults available to move into the apple orchard during flowering. This strategy is likely to be
more successful in Tasmamiieadama punctaticodliles on a much smaller range of tree species

than its mainland cousin.

Cropthinning

If dimple bug numbers have beeaahigin the flowerpegiodyou may wantreconsider an
aggressive chemical thinning prbgramse it may remove goodsfilhas the dimple bug

damaged frudimple bug damage causes severely damaged fruitlets to prefer@aiahgeshed.
fruitthat has not shed natucalitybe removddring harithinning.

Monitoring

The decisionto manage apple dimpling bu
should be made on the basis of the severit

the numbers of insects detected through
monitoring. Monitoring should commence |n‘
host trees (Acacia, Tagasasferetainland
Australiaand macrocarpa for Tasbedora)
apple treesre at the early pink bud stages
will give an indication of the likely infestatio
pressure as apples become susceptible. For Tasmania, there are no registered pesticides for
application{orchard. Where monitoring of macrocarpa adjacent to orchards indicates that there are
large numbers of dimpling Lggise to apply a suitgi@sticideo themacrocarpa immediately

reduce the population before they move toattte orc

Guidelines for monitoring in apple orchards

A Start sampling apple trees at pink bud stage and sample twice weekly until petal fall

>\

Samplein the cool of the morning (before 9.00am), as the bugs become too active for accurate

identification and countrhgn it becomes warmer.

>\

Dimple bugs are in greater numbers on the sunny side of the tree.

>\

Tap 20 flower clustersthe sunny side of eachrafidomly selectegesover a
container. A white-éceam tub is very good as the bugs are more pasitithee
container is deep enotggblow their escappeTasmani@oncentrate thatiamonitoring
effor$ in blocks close to macrocarpaieeass¢hese blocks will usually be firstand
hardest hit by incoming bDgghe mainland initial monitoring can be congentnated
or blocks closestto bushlafidveering wattles and other bhosto not neglect to check
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other blocks trae at susptible stages as weaftwits come through, especially with
arrival of westerly or northerly initids eastern states easkterly or northerly winds in
Western Australia

Record the number of dimpling bugs found and determine whether mespray is requ

according to thresholds (see below).

Do not stop sampling after a spiayaseon from the bush is likely. Sampling after
spraying will also assistyou in determining the effectiveness of the spray.

Poor sampling is likely to result in unaatiestof dimple bug numbers which may lead to

increased levels of damage.

A Ants deter dimple bugs. If ants are found in the sampling container move to another tree.

Thresholds

Earlypublished thresholdsGampylomma liebkneaiidwithin the range e apple dimpling

bugs for every 100 apple flower clusters nunovec@droblematic due to variation in the length of

the flowering period and inclement weather sometimes interfering with sampling. To overcome this a

threshold bad on budays (cumulative bug activity) over the flowering period was developed in NSW.

f

Bugdays are calculated by taking the average number of bugs captured on two sample dates
and multiplying that by the number of days between samples. Fongkarfipse, if

sample date 2 bugs were captured and 7 days later 4 bugs were captured the average number
of bugs = (2+4)/2=3, and the numbeidalybwgould be 3x7=21.

The time available for ADB to damage fruit is the approximately 30 days lebwden late pin
and two weeks after petal fall even though bugs may be present after this time.

The economic threshold (ET) developed in NSW was based on sprayingamigh fluvalinate
took account of the cost of the pesticide and its application buiiangit thgpaots of
the pesticide

The ET for the total of 30 days was-ddyBugased on sampling 100 flower clusters each
sample date. The spray threShAgt action threshold) was then calculated as ST=ET/(FP
d) where FP=length of flowering peripothkd&te2 weeks after petal fall) and d= number of
days after late pink bud.

Using the ET of 44-dags and a flowering period of 30 days the equation becomes
ST=44/(38). This means that

o0 at late pink the spray threshold is 44/30=44dysbug

0 at 7 dys after late pink ST=447304/23=1.9 bdays
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0 at 14 days after late pink ST=44/16= 2déy$ug
0 at 21 days after late pink ST=44/9=d&yBug
0 and at 28 days after late pink ST=44/2dag<ug

The very low threshold between pink and full bloom generally justifies a prophylactic spray being
applied at late pink and then the use of the variable threshold to determine if a further spray is required
later in the flowering period. It is impartamticse the number of sprays applied because those

sprays can have a drastic impact on the survival of predatory mites, that control twospotted and
European red mites, and parasitic wasps that control other pests. Chemicals other than fluvalinate are
nowregistered against ADB and the spray thresholds for those products are likely to be higher,
although they have not yet been determined.

What you do at this stage of the ssdsaon train a string of consequdiatbsplanned and
unplannedhat cascadbrough the rest of the se&mmChapter 6 for information on side effects of
pesticides on Ieditials.

Responsible use of pesticides

Mainland Australia

There is a critical period of approximately three weeks for protecting fruit. Thpsnsetdod is from

one week after petal fall.

Consult your agronomist or pest managemerabaditisoitable pesticides to use against dimple
bug If your orchard has a histatiyrgle budamager there are large populations of dimple bug in
surrounding vegetatigurophylactic spray at early pinkgrobtably warrant&€heck the active
ingredierdf recommended products against Table 4 in Chaptecéniqatitaiity with IPand

notjust their effect on bédian for what chemical you willifgiraple bugr thrigopulations

reach threshold leadter pink bully choosirggproduciafe to bees atitht does not have a long
residual effect otherbeneficials

Ifchlorpyrifdsto be usedgainst dimple bug it shonliglbe used as a prophylactic spray and
shouladhot be usedfter early pink baddspray drift onftoweringveedsor rearby flowering trees

where bees are likely to be woskimgd be avoiddtie orchard cover ccopld be movefore

spraying to reduce bee fatdlittésat means you have left it too late to be apluyygifas

other chemicatsic to beeflowering weede important energy sources for bees working orchards
and also for parasitoid wHsgigorey on pest insects in the ordthaliestern flowthrips have

been a problem in the oramanding the cover crop may push théntbripe tree flowers and

create more problems
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If spraying is required during the floweringgegmrdiess of how ghéechemical may be to bees,

it is preferable to spray in the late evening aftevdeéspped foraging

READ THE LABEL AND STRICTLY FOLLOW ALL BEEAWPEPPLICATION TIMING
DIRECTIONS

Tasmania

In Tasmania pesticidesspy@ied to macrocarparder to reduce the number of adult bugs prior to

their arrival in the orchard. The optimum time to spray macrocarpa trees is the short period from mid
August to early September. A single application using drive past equipment is usoally adequate. F

tall trees, where the spray does not reach more than halfway up, a further application about three weeks
later is advisable. In this case the first spray should be applied early inthe critical period so that the
second application istoo late. Higes should be sprayed from both sides. Chlorpyrifos is the only
insecticide registered for this use. Hence care should be taken to avoid drift edigpoihengrchard
propertiepasturer waterwayand the precautions listed above should be paktect bees.

More information

Bower, C., Page, F.D., Williams, D.G. and Woods W. 1993. Management of apple dimpling bug. Final
Report HRDC project A/O03/R1. 93pp.

Sivyer, M. and Learmonth, S 2005. Fact Sheet Note 178. Apple Meymitio Boigof
Agriculture and Food. Government of Western Australia. 2pp.

Williams, M. 1995. Di mpling Bug. Agdex 212/ 6

Apple in Tasmania. Department of Primary Industries and Fisheries Tasmania. 2pp.
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Apple and Pear IPDI\“ >

(Australia)

Appleleafhopper (Canary fly)

IPDM Quick facts

1 The apple leafhopper (or canary fly in Tasmania) is increasingly becoming an issuein IPDM
orchardspossibly due to drier conditions

1 Malathion is the or@gistered chemical control in Australia however, itis known to have
numerous dfirget effects on both pollinators and natural enemies and therefore should be

used with caution.
1 Apple leafhopperesap feeding insec# Bim long and yellow in colour.
1 Their feedirgpusesnottlesnthe leavesmpactinghotosyntses

1 High numbers ceauirritationto pickers wti@tast skins anghaled aget into eyes in

much the same way as mascause irritation
1 Apple leathopper havd denerations per year depending on the region and the climate.

1 Apple leafhoppers overwinter asaed@s autunbeneath the bark of twigs and smaller
branche®f their host plants

1 There are 5 nymphal insteatdook like sifer, wingless adultat develop progressively
more obvious wing buds in iestar.

T Host plants include agpd@thorn and blackberry

9 Adults ohe first generation normally occur in early December and the second emergence

occusin Marclduring the harvest.

1 There is one known natural enemy for apple leafhopper in Australia, a tiny parasitic wasp,
Anagrus armattisat is an egg parasitoid

1 Apple leafhopper Is&veratommon namasd its scientific name has been revised
numerous timsste 1918which means thitas difficult to firdiable information in the
published literature
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No economic thresholds have been desg&lopatie 1930s because itiiggecently

started to become an issue again.

Use of yellow sticky tra@psedhigh inthe tree can indicate trends in populations and

generations

The Iminute assessmerl oAndomly selected trees/ Bezckibed the pest and
disease monitoring section of Chayaield®ovide data usefuldevelopingresholds
leaf damagslinked to yield and fruit size distriatacinom harvest assessments.

Counting leafhoppers/ leadtiseliable because the adults are highly active and hop of the

leaf when distudheesulting in only nymphs beingd.oun

Degrealays for development were developed in tha L@80Z ealabdtbiofix methods
have not been verified in AusBaharation time (egg to adat)45374 DDosc
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The pest and its impact

Theapple leafhoppBdwardsiandroggatis originally a European species probably introduced to
Australiaon apple or pear trees in the early years of Europeait batlbadgaveral scientific
namegiven to it since 19®ludingyphlocyba froggattiin Tasmaniagenerally known to

apple growers as canart flypresent in all Australian apple growirengtateapple growing
areasn New Zealaahere ihaybe calledwardsiar@ataegi The adults and nymphs feed on
the leavewhere thegierce the epidermis and suakéee chloroplasts from cells, which results in
leaves being speckled with white markings

The insect overwinters as eggs laidin
autummnder the bark of twigs and smg
branches on host traed bushes,
including blackberries and hawithase
eggs start to hatchmidOctober aritie
nymphs go through five instars (growt
stageshefordbecoming tHstgeneration
adultgowards the end of November

throughinto Decemb@anuaryNymphs @i 3 R TR IR AT
are whitish green, wingsesaller _ , o
of the adulthat grow progressively mor iy
obvious wing buds as traysform from
one instar to the n&tte adults are4&m
long and patgreenisiyellow to bright

yellowhence the name canary fly).

Nymphs and adults are generally founc
the undersidesadfleleavesWhen :
molting the nymphs insert their olaws <
the leaf tissue while they cast thekaki
the firstfour instars the casttekithgo
detach from the leaf and blow divay
fifth instar cast skin remains attached t
leaf The adults fly or hop quickly from t
feeding or restinggsit disturbedf
populations are high the castskins blo

in the winckan cause allergic reactions i | eaf damane hvleafhnn

fruit pickers and other workers through inhalatiey arb their eyes. High deneftadults also
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tend to irritabechard workers.

Thefirstgeneratioadultsnate in misummeanday eggs inteaf tissu@ omear théeafveingo
produce another generatfanfestations are severéethees can be so badly damaged that leaf
dropoccursand the insects fthe fruit with excrement that gives the fruit a black speckled
appearance which requires extra washing toTieesegendjeneratioadultsoccurringn autumn

layoverwintering eggs

In New Zealand the leafhoppers developed resistance to azinphos methyl used agminst codling mot
This may have led to incrgaseclence of the pest befiayangphosphate pesticides were
removed from the production system.

Biological Control

E.froggatiggs parasitised by the parasitoidwags armatus nigrive@ireulveremported
from New Zealand into Tasmania iartB®gn levels of parasitisatittvedeafhopper population
was recorded with8months. High levels of parasitisation were alsard®dded by 1960
there had been few serious outbiidekparasitadderwinters as a larvain the hoahegglult
waspemergaceis synchronised with summedeaggglpy the leafhopper, in Noveartokr
December. A second generafiparasitoids is present from January Afmougtemale wasps are
shodlivedandcan parasitise up to 20 host eggs in rapid suddessesatio of wasps emerging
in spring is heavily biased tofeanddesUnmated femabled! parasitise hostswilkonly produce
maleoffspring whereas mated females produce both males and females

The parasitoid was also distributédaod\SA in th840s but does not appear to have established.

IPDM warnind he timing of adult emergence in spring coincides apthisatiayns targeting
codling moth, LBAM, disgéases such as IscAlternaria, and bitter rot. Although no data are
available ampact of pesticidesfAmagrug is likely that pesticides that are directby tmdnave
fertility impacts on, other species of parasitofses@sppter Ghayhave the same effects on
AnagrusThis may have some bearitigeolower than expected performahoagriisn recent

years in Tasmania.
There is some evidence that spiders are effective predators against the leafhopper.

Whirligig mite&rfystibacarumarewidespreathrgeyed, hairy and very agtreglatoragainst
other tredwelling leafhoppers
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Monitorimy

Yellow sticky board tizgoge been used in New Zealand for maaitdrizgple leaf hoppansl

have the added advantage of trappinésagngarmatuso that you get an indication of parasitoid
activity at the same tinlenging the traps at leasgtigmwithin the tree canopy reduces the catch of
other leafhopper species that may be feeding on the grantidheosfere reduces the effort and
skill required to identify and cowappeeleafhoppefmagrus armatissvery smalhd difficutid

identify on the leaftbapped on a yellow sticky board itis easier to Beglewehce in NZ

suggests that placing a clear acetate sheetymlvitsticky board and giving it a thin coating of
stickenrmakes it easier to handle the tsgescially if the scouts need to take the sheets back to the
office or lab to view them under a micrdeopeetate sheet can be lifted off the board @nd place
onto a backing sheet and =

then rolled with the backing e A as .
Cast skin of

sheet to the outstddorm a | = nymph
e t.':‘ p g

= 7 TR T AR
I PN [ R ;
B3 leafhopper |
cylinder that can be staple *3' A X ol 2
This protects the sticky sic s T o “i‘.lk ) /
of the sheaind can then be h® ‘
unstapled to view the catc
No thresholds have been
developed but the results

providelata on population
buileup.

Leaf sampling is difficult fotonioigi adults but the nymphs are less jikalydaway and cannot

fly. A simple preseratasence couot infected leaves will give an indication of nymph activity and
potential leaf damagbe sampling protocol for mites given in dwapteb&ed for this purpose
and, because the effect of leafhopper feeding iseuheuPiifested leaves could be converted to
cumulatiieafinfested dayssing the same calcutati@thod as for mifegain, no thresholds

have been developed but by keeping good records and/etdsssidgackouts you should be
able talevelop some thresholds of youEwemwithout threlsiso leaf inspections that indicate the
presence of cast slahBfthristar nymphs would provide evidence that adults are about to emerge
This in turn suggests that most nymphs have hatched froaneeggssand on the leaves. The
parasitoids woulok have emerged from parasitised eggs at thasistageld probabke the

most appropriate time to apply a spray if necessary.

Degrealay model

A degredlay mdel developed in New Zealamt¥8d 74degrealays base 1@0for egg to adult
developmebised on a combination of laboratory and fiel@lséudieslel has not been tested in
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Australialthouglsome of the data used to construct the model was deristealyronil929 from
Bathursflhe informatidstherefor@rovidednly as an examfule possible testiBgveloping a

biofix daten which to start accumulation of -degster prediction of the flight of adulpsoved
problemathecausé¢he leafhopper overwinterg@s thatindergo some development before
entering diapaysad the detection offitst hatching of nymyhs difficult due to the small size
andcryptic locationthefirst instarymphsAn arbitrary date of the first didviagfix did not give
accurate prediction of the emergdiségeheratioadults but did a reasonpiiief predicting
emergence sécondjeneratioadultsAccumulation of Slegreadays base 10Clafter detection

of the first adult of finst generatiovas suggested as a suitable date to spray becauserstl of the fi
generation eggs would have hatched but second generation eggs would noahevbaéeen laid
parasitoidnagrusvould not have emerged from pardgisisgeheratiaggs Growers or advisors
wishing to tetfite validity of this degtag accumulation caidd the leaf sampling procedure above
to detedhe cast skins of fifth instar nymphs as an indicator of enfiesggeeraifoadultsas a
biofix date.

Management

At the time of writing this manual the only pesticiee fegistetrol of apple leaf hopper in
Australia on apples was malattinoch hadetrimental effects on Trichogrammg ugespto
control LBAM and codling egosland other beneficial spd€hapter B)Jnless the pest has a
resurgence in pest status it is unlikebgtetration will be pursued for new pedthaotgithe
insect growth regulatqurofezjregistered against mealybugs on peagsstesed against
leafhoppersn citru8Buprofeziwas effective against apple leafhopper in NZ laborhtdiy mioals
registered fanyuse on apples in Australia
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(Australia)

Apple Mosaic Virus

IPDM quick facts

1 Apple mosaic virus is one of t

most wekknown diseases of

apple production in Australia.

T Itoccurs commonly in all app|gEss
producing regions and also inf
quince, stone fruits, strawberri
and hawthorn.

1 Infected trees produce leaves
which have pale to cream spo

on spring leaves as they expand.
Disease is transmitted by budding and grafting from infected trees
Apple mosaic virus is not transmitted by insects

There is no cure once the tree is infected. Consider removingsinfected tree

= == =4 =4

The number aneverity of affected lealeggends on seasonal temperatures, with the
symptoms being more seuegredrs with moderate spgimgeratures.

Infection can cause a severe reduction in bud set on infected trees.

==

1 Apple mosaic virus magligpose trees to infection by other diseases.

1 Granny Smithis relatively resistant to Alternaria leaf spot unless infected by apple mosaic

Virus.
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Biology and control

All varieties of apples are susceptible to this disease. Opinion is diviltEdsas e wirécties

show a level of tolerance which is commercially viable. It is most likely that yields are similarly affected
but damage is more obvious on varieties such as Cripps Pink, Jonathon, Golden Delicious and Granny
Smith.

The disease is tsamitted by budding and grafting from infected stock. Itis not transmitted by insects
or other vectors. Transmission also occurs through naturally apeditsing thit does not

seem to be significantin commercial orchards. Once dstabhshée icured. The only

meaningful way of controlling this disease is to only-fptnvatasal. Where trees are infected it

is usually not economical to tolerate yield losses. Remove infected trees and replace them with new
stock.

Other viuses

A range of other viruses affect Australian apples and pears. Many of these viruses produce no obvious
symptoms but affect yield. Where trees perform poorly and there is no obvious physiological cause
(e.g. nutrient deficiency), itis often teggate the trees with viressstock and then closely

monitor yield when fruit is produced.

Pear stony pit is also relatively common i

o

Australia. It is caused by a virus which is
carried in the scion wood. The disease Cénn
be transmitted by irnsemnd therefore only
becomes a problem after diseased planting
material is introduced in to the orchard. = §
Symptoms of this disease include deformad
of the fruit, development of stony growths in
the fruits flesh and roughened bark. o : ,
Symptoms vary betwgear varietieBosc' shows all types of symptoms. Cultivars showing mild

symptoms includemiceBartlettand Packham's Triumph.
More information

E.V. Podeckis and R. Welliver, 2008. Apple Moskeavineysvilleee Fruit Research and
Education Centdrttp://www.caf.wvu.edu/Kearneysville/disease_descriptions/omvirus.html
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Apple and Pear IPM 6 )y

Apple and Pear Scabenturia inaequal(apple

scab),Venturia piringpear scab)

IPDM quick facts

Identification
The two diseases, which have similar symptoms, development and manfigeserantraitectid
foliage causing serious yield and fruit quality losses, particularly in wet seasons.

Leaves:

1 Lesion development occurs on both sides of leaves. Young lesions are velvety brown to olive greer
spots with indistinct margins, noticedbhétemétal fallAs lesions become older, they enlarge
and turn dark green to brown with distinct margins.

Fruit:

7 Initial lesions on flower stalks or young fruit are small black velvety spots, noticeable after petal fall.
As spots grow, they become brown, corky and scabby. Fruit infections occurring in summer may be

visible before harvest agppint scab (summertspor may not become evident until storage.
Period of Activity

1 Apple and pear scab occur from green tip until leaf drop in autumn. Inoculum for primary infections
(ascosporesh springs produced mosityfallen leaves that were infected the pseasms
Ascospores mature freimortly befortaud break to late November, with moshgualating
floweringMature scospores are discharged during spring rains and daytimdidxhagme
occursit night if scab inocuisihigh.

1 Susceptible plgpartsare infectedthen temperature and leaf wetness conditions are conducive to
sporegerminatiorPrimary lesions produce conidia for secondary ih&siEsigre most
susceptible tofection bgpore when expanding and fruit when young, although older fruit can be

infected by conidia during long periods of moisture.
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Scouting Notes

T

T

At harvest anefbre leaf fall monitor leaf scab to detdrenieeels afcabcarry oveand

hence potential for spring princaylim (ascospores) usie@utumn assessment method

Monitor temperatdrembefore bud bredllate Augs) to Deemberto determine ascospore

maturity, usiagsuitableegree day modelnd rainfall for discharge.

From green tip to harvest monitor trees for scab to determine disease pressure and new
unprotected plant tis€tither use automated weather stations coupled to congetéesiaided

systems, a scab warning servicedkigt® in your ar@anonitor temperature and hours of leaf

wetness from green tip to leaf fall to determine primary (ascospores) and secondary (conidia)
infection periods usingMiils Charts

At harvest monitor fruit in bins to determine effectthetiedsl girogram.

Thresholds

1

Because spores are microscopic, action thresholds for scab are based on monitoring scabbed
leaves in autumn and ascospore maturity in spring (pririsk)y agazabbed leaves in
springsummer (secondary sigk).

Analysis of apple and pear scab ascospore data sedshadmizbet 5% of ascospores are

mature by green tip, 50% byateiGep and 95% by dangid Oct across most apple and pear
growingegions, except WA. Preliminary validation showed the New Zealand degree day model
was adequate to predict apple and pear ascospore maturity when started in late Aug (biofix).

If growers have accesthe ascospore maturity model, start fungiciderspragature spores

are reported by the degree day prediction, otherwise agleehkipaknd spraying for scab

may be diminished after the ascospore model and monitoring indicates the primary season is over

and enough spring rainfall has occurred.

Management Notes

The key to controlling scab is to prevent primary infections using postharvest sanitation to reduce

primary inoculum and protecting susceptible plant tissue from infection during infection periods. Effectiv

disease management in the priptase will mean much less potential secondary infection and

therefore less use of fungicides and less risk of serious losses due to fruit scab. Knowledge of cultiva

susceptibility, ascospore maturity and infection period is critical to maXicierinyg tife ef

fungicides.
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The pests and their significance

Both pears and apples are affected by diseases known as either black spot or scab. These diseases
are caused by similar pathogenic fungi. The fungi responsible for the disedseaturiapples is
inaequaliand in peahs. pirina The pathogen whithcts apples cannot infect pears and the

pathogen which infects pears cannot infect apples. Appieseseid in all Austradipple

production regicanrsd pear scaballpear producinggions. If these diseases are poorly managed

they cagause serious losses interms of the cost of control, reduced pack out and reduced tree vigour.
Fungicides used for contedalf can have detrimental effects omisoorérol agents that help

manage insect and mite pk=stding to outbreaks ofreday pests.

Understandingh e pat hogen 6 sIPDMibdsamianageroeht eecisitidimay al | ow f or
reduce the numigéifungicide applicatjamprovéungicideesistance managemantiavoidhon
target impacts that disruption.IPDM

Life Cycle

SECONDAR]

At the start of the season, as temperatupseudetheciagore producing boylikat developed
withininfectedallen leavgsoduc@rimary inoculumdtur@scospores) . Primary spores from
pseudothecaeexpellethto the winghen leaf litter is wettegsettle on young soft tree growth

and infecusceptible tiss@s These primary infections only occuhad@mnbinatiarftime

thatleaves, fruitlets or flowers are moist from rain, dew or mist and the temperatuferis appropriate
spore germinatiétrimary infections resultin lesimmich produce a different type of spore

(conididd) . Conidi@an also spread through the orohasih splashing amdwind currents and

have slightly different temperature and moisture requirements to infect the |leabhey daricits tha

onz . Where the management is poor, the secondary infecobeyepeated many times
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during a season and can resultin a very rappddiulid disease particularly during warm, wet

periods.

After leaf fall the scab pathogen in infectedlethe orchard floor undertakes sexual reproduction
producing pseaeciavhere primary inoculum is produced. The mandesoads the greater the
chances of sexual reproduction. Disviigtisrprocess by breakdown of leaves will greatly reduce

primarynoculum production for spring.
Damage

Leaves Scab lesions on leaves can occur on either surface but are usually more easily seen on the
upper surface. Initially lesions are very smgieastive brown and have diffuse edges. These
lesions become olgreen and velvety as they enlargeatuneé.mrhis colour and texture is due to

the enormous number of secondary spores produced by each lesion

Where infections occur close together, lesions may coalesce forming very large lesions.

Figures3and4. Initial and older lesions on pear leaves.
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In time, as spores are dispersed from the lesion, they become brown and areas of the leaf die. The
leaves can also thicken and bulge upwardsinféfieme is serious leaves may yellow and fall
prematurely, depriving the tree of nutrients and thus reducing fruit size in the current and future

seasons.

Although symptoms of pear scab are very similar to those of apple scab, leaf infestioonis not as co

as apple scab on apple leaves.

Fruit Symptoms on the fruilikethose on the leaves although lesions tend to have- more well
defined margins. As the lesions become older and shed,tiinely $iso@me brown;ldoking,
corky and cracks appear. At this stage lesions look brown or black. Fruit growitieis retarded
vicinity of lesions and, as the rest of the fruit continues to grow it may become distorted.

The lesions are superfiamna the fungus does not extend to any great degree into the flesh of the

apple.

Figures7 and 8Initial and older lesions on pear fruit.
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Twigs Twig infections are relatively rare with appi\astilizut can be comnfonpear scab.

Twig infections are more likalgas whettbe climate is wettinying

times are longand scab infections are seiarby in the growing seag
lesions on the young shoots appear as brown, velvety spots. The
develop during the season to become corkyikeaateasUnlike in
leavespseudothecia do not develop on the tvagsidiad not
ascospores, amleaseth spring from the infections on theStimiges
conidiaequire shorter leaf wetness periods for infection than do,ag
thereleasén springf conidia frotwig infectiomsnresult iearliethan i
expectethfectionslt is therefoimportardfter a severe scab infesgason tmspect trees for
signs of twig infections and to prune out those infected twigs.

Storage scabVhere scab infections occur late in the season symy

may not have had time to develop prior to harvest and storage.
period of storage and immediately after apples are removed from
process of infection continues. Applesppbarked healthy when plag
in storage have small, oftepqiim sized lesions peppered oirer the

surface.
Prevention and good orchandnagement

Althoughree scab gets established it is diffozuitrtithere are many steps tlaatbe taken to

reduce the severity of the dis@dmse steps are based on practices to reduce teeohumber
infective spores (inoculum) in the ofahargortant but often overlooked stelarsytour

orchard with scab management as a majbiniesissyou arkapting a new orchtirel

opportunity to plan the orchard layout and &iraatiseab management presents itself whenever a
new block is being preparkd aim is to make condiéisnsast favourable to the disease as
possiblegthen to use satiita practices to redunmeulunand thereby reduce ribienber of

fungicide applications that may be refjogreeed fand timing of fungicide applications can be
guided bgredictive modéhat account for weather condidéier@spore maturity, and leaf canopy
developmerfcab resistant varieties arerheng more availddlraditional breeding methods

have difficultyith maintainiogmmercial traits (colbavpur, storabikty) during baakossing to
incorporate resistance genes

Planning an orchard or new block

9 Establishing a new block or orchard is an opporturiityetwailan of measures to reduce
incidence and severity of apple or pear scab in the long term
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1 Seleckess susceptiblarieties if they are suitable comityeretbhgronomically suited to
the site.

1 Plant more tolerant varieties in areasintegetiree foliagmakes longer.

1 Choose row orientations and spacimgotdy achieve maximum lightinterception but also
quick drying of foliage after rain .events

1 Avoid overhead irrigation systemsthelesse designed specifically for coolavgiand
long periods of wetness simulate rainfall evédmds produce infection periods.

Use a training systlat allows good air flow and spray penetration through the canopy.

Avoid vigorous rootstocks and excessive nitrogen applications

= =2 =1

Use hail or bird netting that cesllbeup to provide better drying conditions if necessary
1 Design rows so flail mowers\aadpers can be used to clean up inoculum over winter.
ResistantVarieties

Currentlthe most widely grasvammercial varieties of applaistralere susceptible to scab

although the level of susceptibility Apphksvarieties incorporating scab resistance and commercial
desirability are being bred in many places in the world includikgléisstrabiab resistagiple
developed in tBAFRId apple breeding program at Stamthdreased in 201t showed a lot

of promisand retainegkcellent eatiagd storage qualities while being resistanatmldoldrant

of botlAlternariand Westefiower Thripankliiella occidgalid. Unfortunatelit has not been

taken up bsither conventional or organic gmawbebly becayskespite performing well in

consumer evaluationkgckethedistintive difference in appearémediow itto compete for
supermarket shelf spamver vagiies with scab resistance, such as,Roelatb varieties with
restrictd availability

There are seven known races of the apple scabehtngasinaequalisridwide. Research in

Vidoriaand Queensland in the 1990s revealed that only Race 1 was present in Australia at the time.
The most common resistance gerdsn breeding progranotsiin the Yiocughat contains at

least 17 gendsatconfer various levels of resistascalicaces3but not races 6 andVhen

resistant varietizgsed ohf becomevidelyavailablen Australihey are likely to maintain their

resistance for long perimdess scab races 6 entér the country and become established

ACripps Pink (Pink LadyE), Lady Williams,
Smith are extremely susceptible to apple scab;

A Gala, Hi Early (and other Red Delicious types), GoldeffrGjgkeionEnvy and Jazz
areconsiderechoderately susceptible
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A Jonathan is generally acknowledged as being less susceptible toujspreodonber

widely grovamd:
A Kaki,Rocketind Retloveare resistant to apple sedtare not widely available.
Pruning and tree training

Pruning and tree training to create or maintain an open canopy will resultin better air circulation, faster

drying times and better penetration of any fungicides that are applied during the season.
Leaf rakingndUrea

Infectedelves fallen on the ground harbour the scab fungus during the winter -@tfi@etng it to re
trees during early spring. The number of spores that are produced during sexual reproduction over
winter can be reduced by sanitation practices that breakedves more quickly.

A postharvest treatment of urea is good practice to enhance microbial degradation of fallen leaves. Itis
a valuable supplement to scab control, should be used annually, and is especially valuable after a bad

scab year. Urea diss some nutritive value.

Apply after picking as soon as the first signs of leaf fall are seen. It is essential to thoroughly cover the
lower surfaces of leaves. If necessary, apply a light ground spray to contact all fallen leaves which
might have beemissed. No special attention to a ground spray will be necessary where dilute sprays
by @r-blastare used. Better results can be expected if the orchard floor is clean at the time of spraying.
Itis necessary to be aware that some damage to speralsndn occur invery dry seasons.

Care should also be taken to avoispoaging with urea. This is most likely to occur on headland

trees.

Following a bad scab year, it is good practice to rake fallen leaves out from under the canopy into the
inerrow early inwinter and then run over them witha shagbleing mowdris physical

breakdown helps the leaves to decompose moaaduerkigesccurenceof fungal mating
Sanitation

Although the most commonly recognised source of primary inoculum is leaf litter, an appreciable
number of spor@onidiajan also come from diseased fruit which is left to hang on trees. This is
especially the case where scab has been severeiouthegmeun. Whenever scabbed fruit is
noticed it should be removed. Atharvest all fruit should be removed from the trees and pickers
encouraged to throw diseased fruit into-ttwswiiberdt will be exposed to the anoicanalscbe

run over witlnslashesr mulching mov@increase the rate of breakdewivi CommerAn

added advantage of removing all fruit frantiezesst is that leaving even small numbers of fruit
increases the risk of insects like codling moth, orientalafdiifrmoties infesting thosefdiit

creating a higher carryover into the next lsemgag as few as 3 fruit per tree can mean that an

extrad00 codling moth femalesddld then overwintethe trees.
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Monitoring

Monitoring for scab risk in autumn, spring and summer

Monitoring the development of disease, scab fungus and tree growth during the growing season is
essential to determine the risk of scab infection and thus optimize fungicide application and
effectiverss. Because the scab spores are microscopic, action thresholds for scab are based on
monitoring scabbed leaves visually at harvest and before leaf fall and during tree growth in spring anc
summer in conjunction with pest monitoring using the mebsatisndbscmanual. The harvest

and préeaffall assessments are useful to determine potential sxaroansgason teeason

Monitoring in spring and sunsneredo determine the risk of infectioagexmatpores (conidia)

and spray effasness. Action thresholds for the scab pathogen are based on information from
ascospore degree day models which predict primary inoculum (ascospore maturity) availability in spring
and from the Mills table which predict spore (ascospores and ctmmdrajuirements on

susceptible tissue. These models are included in scab warning systems available to growers.
Predictions of ascospore discharge after rain events, tissue susceptibility (new unprotected tissue) anc
fungicide decay provided by othetsmiocome scab warning sgstemenhance the prediction of

infection risk before or after each wet event. Information from scab warning systems used in conjunctior
with information from scab monitoring can provide a more accurate predigtisevefitiyeolike

scab infection risk during eatlevent in the primary and secondary scab season.

Harvest and autumNlonitor foliar and fruit scab at harvest and shoot scab pre leaf fall to determine
potential levels of scab carry over for next sprivhigHardy method below). These assessments
are also important for evaluating the effectiveness of the IPDM plan and developing the plan for the nex

season.

Spring (primary scatisk). Monitor leaf and fruit scab during the primary infection season (September

to November) to determine occurrence of primary infections and optimize spring fungicide application.
Begin monitoring from petalofaltarliern conjunction with pest mmgtdnformation from scab

monitoring should be used in conjunction with information from ascospore degree day and Mills models
to optimize the interval of fungicide application. The leaf and fruit scab assessment at the end of the
primary infection sea@dovembemfter the supply of primary inoculum (ascospores) is éxhausted

importarib determine the need for further scab fulyidé®| secondary scab in summer

Summer (secondary seebk). Monitoteaf and fruit scab from Decemberdéstt@mdetermine
occurrence of secondary infections by conidia and optimize summer fungicide application.

Monitoringechniques

Separate monitoring programs for each pest amaigeagpeove accuracy of determining when
thresholds are about to beegbecbut they are not cost effective or praatieable DM context.
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The monitoring techniques described in chiaptieteX osfffectivenethods of avoiding major

issues The critical periods for decision makingmarsagdment are just prioareestclose to

petal fall, lainteiSpringespecially between green tip and peiatfiEinage assessmentsin
December.

Visual monitoring of foliar scab at harvest and pre leaf fall

At harvestThe assessment of scab infections at harvest can be incorporated into the damage
assessments conducted just prior to harvest. The 100 fruit/tree, 5 trees/block inspection method
described in Chapter 3 will indicate if a problem exists and incarporiatite ios pection of the

foliage (also described in Chapter 3) on each of 5 trees per block will be a cost effective way of
providing extra confidence in the data. If no or very little scab is detected at-tyarvest a follow
inspection before leahfiay be required if weather conditions after harvest have been conducive for

new infections to occur.

Preleaf fall:For this inspection a sequential monitoring lpeegr@amthe potential ascospore
dosemodel (PAD}ingeplicatesf10 randomly seted shoots on each of 10 randomly selected
treegequires less tirtand is therefore lower cost) theesttgch program sampling of 600. shoots
Shoots should be randomly selected from all oveE aarteeall the leaves in each shoot and
count the number of leaves with scab lesions. Once @lEatmmwith scab have been detected
you can stop inspecting further leaves l@dhiseel of infection the orchard is considered high
risk If less thanl&aves with scab were detentgalir ten tree inspection the orchard can be
considered low rifkyou detect&d9 scab infected leautreyour tetree samphouneed to

inspect another 10 treexumulatingsults of the previous samples as.yoncgoyou have
accumulatedore than 24 scab infected |#aeeschard is high risk and you can stop simpling
less thai3 infected leaves were detected by the time you finished this secotitesatoblatees

is low risk and you can stop sampling. Hoyav&agvé now detecte@3 4nfected leaves you will
need to inspect another set of tenMinegwocess is repeatexing cdff points listed in Table 1
untila maximum of 6 sets of ten trees have been inkiectedhard is categorised lagibig

winter and early spring sanitation pebgralichbe implementgeéduce the spring inocanda

tight spray program in spring will be rasgimgeDM compatible fungicide options for early and late
season scab control.
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Table 1Threshold levelscoimulativecab infected leawetected isets of 1eandomly selected

trees in which t@ndomly selected shootsf#iege inspected

Risk Number of sets of ten randomly selected trees
assessmen

1 2 3 4 5 6
Low <5 <13 <21 <30 <40 <50
High >20 >24 >31 >37 >44 >50
Keep 519 1423 2230 3136 4143
sampling

Caution The prdeaffall assessment is most reliable where protectantyeogrseus(e.g. latent
scab lesions suppressed by curative systemic fungicides are much hdardereforgee).
orchards whedemethylation inhibitor (PGHpup jungicidekave been used intensively PAD
may be underestimatad to presence of latent (undetectable) scab lesions

LateWinterearly Spring

Ifthe Autumn preaf fall inspecticategorisethe orchaes having low levels of inoculum for the

next seasaheMacHardy Model (see below) or a suitably programmed electronic forecasting unit is
likely to give the most accurate prediction of infection risk during the rbeteedsod. wWhs

categorid high riskse Mills tables or an electronic forecasting unit in conjunction with the ascospore
maturity modgee beloviy improve identification of infection feitieetswagequires monitoring

of weather conditianslithe iminute tree inspeatechniqueescribed in Chapter 3 can bearused

Sprindo detecgarly infectiori® DM Notd:eaves used for mite sampling (especially for ERM and
Bryobia mité®m green tip) can also be used as additional indicators of saathisfstzgemin

the season
Summer

The Iminute tree inspections for LBédder and leaf infectjimsuchgscafdescribed in

Chapter @illgivean indication of scdbgétions without having to do specific sampling just for scab
Likewisghe damage assessments in Deceanblee used to assess the effectiveness of the scab
program.
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Ascospore maturity degrday model

In spring, temperature drives the maturatramaoy jnoculum (ascospores) in pseudothecia
produced in infected leaf litter and drimésthe daily release of mature ascospores. Ascospores

are discharged during spring rains, most ddimg thay some at night if inoculum is very high.

Most rature ascospores are released when abundant susceptible leaf and fruit tissue is available
(bloomégxcept durimggtremely dry conditions that may delay the release.

Either use automated weather stations coupled to a computer based degreeatay model, a

warning service if one exists in your area or monitor ambient temperature (daily minimum and
maximum) to estimate degreglolay=) °C)starting from a suitable biofix start date and then use
accumulated degree days to estimate the likelyrlatigks afcospores ready to be discharged

during a wet event using the information described below ONLY as a general guide to track down
ascospore maturity. Monitor rainfall data on site to estimate the likely levels of mature ascospores
discharged aftercbavet event. Analysis of apple and pear scab ascospore data sets collected in
Australiaindicate that ab&% ®f ascospores are mature by green tip of common pear and apple
cultivars, 50% by st September (bloom) and 95%-hyi@&ttober in yeavith normal rainfall

across most apple and pear growing regions, except QA {F-igdegree day model

developed for pear sdAlp(ringin Victoria has been available to pear growers forMicdasia

yearsand other asgpore degregday nodels (apple scab and pear scab) developed overseas are
alscavailable to Australian growers. However, only the New Zealand degree day model (apple scab)
has beervalidadwith some apple scab data sets collected from NSW, Vic, SA, Qld and Tas.
Validatioanalysis showed the New Zealand model was adequate, with a minor modification, to predict
apple and pear ascospore maturity in Australiawhen degree day accumulation started in late August
(Figurd.l). For apple scab, the New Zealand model gaveét anbetgoris with more rainfall than

with lowest rainfall, with the 5% maturation threshold occurring after the green tip stage for early apple
cultivars in all regions, except Tas and SA, where the two phenomena occurred within one week of eact
other. Aiofix based on the fietection of a spore in a sporsn&aph region gave the best

prediction ahaturatiobut ebiofixof22 Augstfor all regiongs used in NZ modglveequally
goodprediction¥/alidation with pear scab data sets gave similar results.

The New Zealand model fitted to Australian datalif Siquie be us@NLY as a general guide

to predicthe maturity of ascosporaé girin@andV. inaequalis/se daily records of adiaf each

locality to estimate the likely levels of mature ascospores discharged after each rainfall wet event. Begir
degrealay accumulations attmehk of early varieties or the 22 August (biofix) whatever is first. Use
degree dagccumulations tdiesate the percentage of mature ascospores from the curve. This should

fall within a 90% ranievarm weather brihgsibreak forwattielikely advance ascospore

maturity whk accouetl foby theemperaturdriverdegreaday model
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A simpledegree day (DD) caloohedddsthe maximum temperature (Tmax) and the minimum
temperature (Tmin) of eachdigides the sum by 2 to calculate the averagéuteraperdnen
subtracts the base temperémner developmental thresholdregompeof the organisiRor scab

the base temperature (Tbase) chosen wh@EfiCmeans that the DD calculation is simplified further
to be simply the average tempeéi@ttine day.

In this mod@Figure 1160% maturation modelled from the @2iAuig 528 BB which is onby
DD-cdifferent from the value oC&34 days used theNZ model. At about-360DDcthere is
rapid maturation of ascospores indicating high risk of infectionSanchar 8@0a85%of the
ascosporeupply should be depleted if sufficient rain has occurred. After 100% maturity is predicted,
usually mithlate November, and after significant rain, check trees for scab to decide need of more

sprays.

Percent ascospores ejected

30/11

230 240 250 260 270 280 290 300 310 320 330 340
Day of the year

Figured. Cumulative memtage of ascospores of pear scab (V. pirina) trapped using spore traps
during 5 years in Victoria, Australia.

Venturia inaequalis

100

Percent ascospores ejected

230 240 250 260 270 280 290 300 310 320 330 340
Day of the year
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Figure1Q Cumulative percentage of ascospores of apple scab (V. inaequalis) trapped using spore

traps during 5 years in Victoria, Australia.

100 |22 August biofix
(NZ model) o e o

R*= 0.694

1

Figurell Cumulative percentage of ascospores of apple scab (V. inaequalis) traglpes using the

slide method during 1 season in Tasmania, Victoria, South Australia and Queensland, Australia. The
curve is the prediction for cumulative ascospore maturity plotted against cumulative degree days startec
on the 22 of Aug.

A simple technique to pretiorimary and secondary scab infections

Primary Infectionsesult from ascospores released infBpritgaf littdreesxan be inspected

for scab lesioos leaveBom very early in the seasany the-thinute tree inspection technique
supplemead by the leaf sampling conducted fol haitésst lesions can appedd Iays after

bud break. Early infections are most likely to be noticed on the flower bud deaviesi(etpals)
However, by the time these early lesions are seen a considerabbaaescami &faiay be

infectedt is far better to predict the development of the disease and manage it before it is seen.
Apple and pear scab develop in a predictablentbg unftieence of a number of factors.

1 Temperaturelnfection occurs most rapidly betwee@ 42B23.€

1 Light ascospores are rarely released agxtgipt when overwintering inocuhigh.is

1 WetnessLeaves or fruit mustremain wet continuatigiasér hoursit optimum

temperaturdsr infection to occur.

1 Leaf, twig or fruit ag®Ider tissue is less susceptible to infecfidrng long wetness
periods at warm temperafarasfection (e.g. summer spot on fruit).

171



1 The number of diseasausing spore€=ven where all other conditions favour disease

development, if diseaaasing spores are not present no infection will occur.

Severabols or models can be used to pihedigtelinood of scab infections. The choice of which is
most suitable for your orchard involvesaddf tbetl@een accuracy and simplicity

As predictive tools account for more of the factors above they become more complex, but also more

accurate. Thesnore complex tools are usually incorporated into electronic forecasting units.
STEP 1. Choose which model.

Thesimplegiredictive model only requires orchardists to monitor and record leaf wetness and
temperatur@his technique tends to-egématthe number of times infection wilboccoray

result in more fungicide spihaysnecessamlesspore availability (ascospores and gonidia)

tissue susceptibilagd scouting results are conditigoemation on the relationship between leaf

wehess, temperature and the severity of the scab infection is contained in what is commonly called a
AMi I I s charto (after t he Themermaiondinithe Millsehad di s c o v
relates to thimargiseaseausingscapores wbh are present at the start of the s€hgois

summarised in thiélls table graph be{Bigure 12)After the primary infection is established,
secondaryfectiosyclesaused by conidigoresequire fewdiours of leaf wetness to infect.

The Millshartan be used in conjunctiorweathemonitoring to determine the occurrence of

periods favourable for spore infection (infection periods) and when infection is likely to appear in
unprotected tissuehBi use automated weather stations coupled to computer aided decision systems,
a scab warning service if one exists in your area to determine Mills infection periods or monitor

temperature and hours of leaf wetness from green tip to leaf fall
Advantagesfusing Mills Charts

1 Works well with orchards that have had more serious scab problems in the previous year,
because primary inoculum (ascospores) will always be available in sufficientamounts from
green tip onwards to infect susceptible tissutatihgpeood infections have been
detected these also can provide conidia for infections.

Disadvantagesf using Mills Charts

1 May miss some important infection periods that have occurred in shorter wet periods than the

chart indicates, especially whenimeeng inoculum is high.

1 May ovepredict infection periods that start at night and wetness finishes before ascospores

released at daybreak have a chance to infect susceptible tissue
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Mills Chart for Primary Infection Periods
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Figure 12Effect of temperature on thebacof hours wetness requiréghipmoderate and
heavy rates wffectiorbased on Mills Table.ddga this chaftyour preeaf fall autumn
assessment indicatégh riskr disease pressure is alwghsdue to blockaracteristics.

The Mills Chart also pretlietsumber of days after infection before lesions will Bdieviglent
summarised in the graph below.

Mills Chart Days for Lesions to Show

= = N N W
o U o v O
L
Q
[ ]
®

o un

0 10 20 30 40
Average Temperature (°C)

Days for lesions to show

e days to show e e trendline

Figure 13influence of temperaturthemumber of days after infeeiorebdesions shdvased
on Mills Table data.
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A second simple moteMacHardy modelgcounts for the fact #satosporesre very rarely

released at night. This means that leaf wetness (from dew, mist or rain) that occurs during the night is
not included in calculating the severity of the infection. This results in fewer infection periods being
predicted and fewer fungididang applied as a restttmodehlso predicts secondary infection

Advantages of using the MacHardy Model
1 Works well in orchards which have only had low to moderate levels of scab the previous year.
Disadvantages of using the MacHardy Model

1 May noaccount for rare, massive ascospore releases that occur at night (most likely following

a long dry period which delayed ascospore release)

1  Where scab has been a serious problem in the previous season and there is a lot of over
wintering inoculum, the greatentage of nighte spore release may be enough to trigger

an epidemic.

MacHardy scab model
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50

Hours of Leaf Wetness
[*%) £
(=] (=]

N
o

10

Average Temperature (°C)

e Primary == == Secondary

Figure 14influence of temperaturbaums of leaf wetness required for primary and secondary
infectiongased on theabHardy scab modése this model only if yoea@nédent scab carry over
is low antllock characteristice not favourabldhe disease.

WARNINGt is IMPORTANT when using either model that when trees are dry less than 6 hours
between wetness periods (e.g. during showery weptresjisttiee leaves are wet should be
added together in calculating the infection period.
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Both models were initially developed to predict apple scab infections but are applicable to pear scab

after revisiogsnducted in Victoria.
STEP 2. Measure and rédbre information

No complex equipment is needed to use these simple models. Leaves are desifmagted wet when
wateris present on the foliage qrdsuially indicateddogplets fatigwhen the branches are

shaken. The leaf wetness period g tiejpme between when leaves are initially wet and when
branches no longer shed water when tleakevetness sensmrsasure electrical conductivity

across electroddse to watem simulated leaves

Amaximurhminimum thermomettire basic equipment required to monitor tempEneure
thermometer should be reset at the start of a wet period and the average of the high and low
temperatures during the wet period calgubaddthg the maximutimetoninimuend dividirige

resulby 2 Although this is not strictly the average temperature, itis an acceptable approximation.

The thermometer should be placed in a sheltered position within the orchard or in a specially designed
screen box. Inmery important that thermometers are not placed in direct sunlight or excessively windy
positions as this will lead to incorrect readings.

Alternatively, relatively inexpensive weather stavamisiolat most electronics retailers and rural

supply atlets. These will record the time at which rain begins and finishes (but not dew or fog) and the
temperatures during this period. This is usef
wetness periods can occur in the middle of the night.

STEP 3. Determine if an infection period has occurred

Refer to a Mills ChdecHardy Chadruse Figussl2orl14aboveaccording to block disease
pressuréo determine primary (ascospores) and secondary (conidia) infection periods.

STEP 4. Ugee information to decide if a spray is needed.

Once you have determined if conditions were right for an infection period you can refer to the degree
days accumulated since August 22 and use Figure 11 above to assess the need to spray based on the
ascospe@ maturity.

As soon as possible after a moderate or heavypariedtaurative fungicide should be applied
the residual activity of the previous spray is considered insufficient to protect susceptible tissue against
infectionConsider all tfectorghat increase the risk of scab infection, and your IPDM, é&perience

determine if an application is necessary following a light infection period
STEPS. Decide which fungicide

Fungicides usafier an infection period has occuroeshsigedto be curative fungicgtbat
havea frtka afféad The kickack period is the length of time following infection that the fungicide
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can be applied and still control the disease so that no symptoms occur. Curative fungicides are also
sometimesated systemic as tioaypenetrate plant tissmeontrahe developing pathogen after it

has entered the plant. Theleck period varies according to which curative fungicide you choose

and is a factor in deciding which fungicide should be chosen.

Inchoosing a fungicodmsider theistory diungicidase,includinthe activity groups of the
productand how effective they haveibgaur orcharahd how long a kioglck period will need
to beo prevent scab from developing. The requibackipekiod is the length of time from the

beginning of the infection period until it finishes +whitdkeeuittil the application can be made.

Electronic Forecasting units

Using an electrofticecasting unit will resultin a morg
accurate prediction of when an infection is likely to
This increased accuracy is a result of the more conaj
prediction models that can be run which account fo
greater number of factors which influease diiﬁection'

They are quick and easy to use. As with most electr
equipment electronic forecasting units are becomi
affordable. All orchardists should consider purchas
least one of these units.

As with other monitoring equipmetigriedi¢hin the i A
orchard is important. Forecasting unithatewddnsors with appropriate shieltswv accurate

recordingnd be calibratabtethat records are comparablegauBaf MeteorolagptionsT he

data collectethould be able toused for phenology mattelisforecast pest and disease events,
provideecords to satisfy regulatory requirements for spray a@picbatipliased locatiornthat

provide wireless transmission back to office compuotais phaie ltdéds also a good

position units away from the road out of sight of the public and secure them with a chain and padlock.

Forecasting units must be used with some cauti
regions have been estattisi hilly regions (e.g. Adelaide Hills, Perth Hills, Orange Batlow,

Stanthorpe etc.). Because temperatures and rainfall vary considerably within these regions predicted
infection periods in one location are unlikely to correspond to infectitrepéoicatsoims. Many

regions have forecasting services run by private consapaatsye€®or government departments.

These are a useful guide, but orchardists with their own forecasting units will obtain more accurate
informatio@rchards witghlarge range of topography, aspealtirte may require more than one
electroniforecasting unit or the unit should be placed in the most vulrerabtadlower

estimatioof infection periods.
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Management

Responsible use of pesticides

Mostcommercial orchardists consider apple or pear scab to be the most serious disease affecting their
crop. In most cases fungicide application strategies are built around scab control. Control of other
diseases often occurs arla effeaif fungicidepplied primarily to control sBame scab

fungicides are also effective agdiagtari&/enturitnaequali Australia has developed

resistanc® triazole fungicideésdup 3) and is considatddgh risk of developing resistance to

other grogpof fungicideBungicide resistance management strateégipkaascand all fungicides

sold in Australia are classified according to the chemical activity group of the achMangonstituents
fungicide groups have limitations placetbtal thenber of applications that can be applied in a

season and alas consecutive sprays, regardless of thétathetr. consideration inthe use of
fungicides is thentarget impact of the cloaMost fungicides are not directly toxic tdounsects

many have siithal effects suchraducing fertility of parasitoid wasps and predatbit ariges

important biological control agents in ofhautype, frequency and timing of fiagiiidations

therefore needs some thought.-apmeration of pesticides wastes money and cantargate off

and residue problems. By reducing pesticide use there is a risk of not only scab infection but other
disease problems occurring. Thetkdind a balance and to think carefully about the characteristics
of theavailabl&ngicides and how and when they are best used. One of the major differences in this
respect between Australian pome fruit productias tregfoeguency, timing emagnitudeaf

rainfall events and ¢besequent responsetmhardists

Spraying before or after rain?

Most Australian orchardists use forecasting and disease models as reassurance that their management
options were correct. Scab fungicides angptitenimresponse to a rain event. The timing of this

spray application varies largely on a regional basis with some regions preferring to apply a protectant
fungicide prior to rainfall and others a curative after rainfall; if used corretts/Wibtinestnétey

good scab control. The choice of which strategy is correct for your farm comes down to some practical

considerations.

1 Access:If orchards are located on sloping ground, have heavy soilsavthavieter
poor drainagemay not lossible to get spray equiptienigtthe orchard following rain.
Fungicide application prior to rainfall is the best option.

1 Cost:In general protectant fungicides are cheaper than curatives.

1 Impact on beneficial®rotectants such as mancozeb have a negative impact on beneficials.
Always consider theanffet toxicity of all pesticides, especially where orchard blocks have a

hisbry of pest problems.

17i



1 Chance of anunnecessary spray Occasi onally rain which i
doesndt | ast | ong enough f or apphethasedf ect i on
on the forecast, the cost of the spray, tractgrausits and labour needed is wasted.

Leaf emergence and expansion can@wgcguickly early in the growing season and also after
harvest iautumnThe weather that drives this growtexaitenbates scab sevddityrotected

leaf surfaces these times are susceptible to scab ifRantfastness is the ability of a pesticide to
be retained on the plant surface in sufficieesqleamtdéintain its effectiveness following significant
rain Some rainfast fungicides are retaineid siteb of depositao are unlikely to protsotes

that emerge after application of the furponsefungicides can kBsteibuteby rain onto young
leavesluring light rain.

Somdorecasting modeisch as Ripro, can account for develgpohéhe trda the period when
young green leaves are present and at most risk of hdamitsoften have models for a range of
pests and diseasaglin some casesn account foomplex interactions between the pest or
diseasgits host, arile weather. Most have been developed overseasragdire recalibration

for use in Austrabaccount for some minor differences in behthwediarget pests and diseases.

Biological control, Biorational pesticides and Organics

Organiproduction usually relies on lime sulphur and sulphur application for the control of apple and

pear black spot or scab.

S

1

Any technique which helps to hasten the breakdown of fallen fruit and leaves will help to suppress these

diseases and the applicatioreafhas already been mentioned. There is evidence that earthworms

aid in control by speeding the breakdown and incorporation of the fallen leaves. Application of compost

mulches will encourage worms and should consequently reduce the ametingafisgeaseint
inoculumit is particularly imporitaotganic productiofotms on cultural methibds do not
favour the disease. The hints in the sections above sitetigdtoestablishing new blocks
and selecting appropriate treessop\c architecturesistant varieties, and orchard hywilene

assistin reding risk
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Apple and Pear IPDI\“ )

Armillaria root rofArmillaria lutebubalinand A.

mellea

Feltlike fungus under the bark of a tree infected by armillaria root rot (left)

Shoelacelike rhizomorphs of the fungus can spread the disease fretmtree (right)

IPDM Quick facts

1 The main caustArmillaria rootiroAustralia a native fungal species

1 The disease is common where bush blocks have beerestablist t;m orchard, or
alongside remnant native vegetation.

9 The fungus can survive in the sgltm20 years.
9 Disease moves from tree tdahreegh root contact and growth of stide albizomorphs

1 Cleared land should be planted to pas&Bgearsind then fumigateefore planting
orchard treaéthere were any diseased tletested during the clearance operations
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The disease and its impact

Armillariaroot rot is mainly caused by a native fung repderés |utadtalinavhereas

overseas the most common cause of this disease is tbatddgehgusrmillaria melleBoth

species exist in Austra@hia.fungus can infect at least 200 plant species and is also a significant

pathogen of native forestry. BecausetbEtldisease is often seen where bush has recently been

cleared and an orchard block plBwoiee and stone fmétjve trees, ornamentals and other plants

are affected.he diseasmuses a decline intree hedtlttout being obviousi| diebadtarts to

become evidefithe fungus has the commonrialBes ot | ac e 0, dieSotreestr i ng f ul
appearance of rhizomorphs,d fitdddstodakye to the colour and shape of the fruiting bodies.

Symptoms and life cycle

Growers will notice the ajgomend symptoms of the disease first. The sym|katheseeof

other root rot diseases: leaves yellow and fall prematurely and thettre#,simbsdieback and

the entire tree may die. Better diagnosis requires a closer look. Upon scraping away bark on the rotted
stems and roots a whitdikelimate dfingus is revealed. This is oftesmdgied in appearance

and smells like mushrooms.

The wood isually also discolouléthe roots aldesoil around them are closely exatanked
brown to blaskoelacelike rhizomorphs may be feprehd atg the roots tirough the soil
forming a branched structure attached to th€hedimgus moves froradreee largely through

root contact, but rhizomorphs can also be responsible for movement of the disease
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The rhizomorphs can infect figgsyut the spores that produce the rhizomorphsicttonly

dead wood.he spores are produce

by toadstools that grow at thedbase N
dead or dying trees. The caps of t
toadstools asealecovered aral
deep brown to howeyourwhile the
gillsunderneath the cap are whitis
The stems of the toadstools are a
yellowbrowrcolour, have an obvioug
ring or collar at thedod may be up
to 15cm highThe toadstodhppear in the dying stages of the host tree ardutisgalixet
weather between Ntapugh July.

Qlive brown to yellolsters of

toadstools are sometimes seen gro ling &
from the base of dead and rotting B
during the period from May to July. }
These toadstools can be up to 12 crf
diameter with a stfptalk) of up to 15
cm high, although usually less.

Soil conditions that favour the
development of the diseaseot well
understood. It is thought that the fungus prefers lighter soils or clays with reasonable drainage and the
disease can be veryaesiin the Stanthorpe region Any form of stress is thought to predispose trees

to infection and both flood and drought have been implicated as contributing to disease severity. The

fungus can survivein soil for extremely long periods of tirjedrs).to 20
Control

When clearing and planting new ground

1 Ringbark native trees and leave them for at least six months before removing them, so that
starch reservesin the tree are depleted. This lowers the chance of such trees becoming
centres of infection.

1 Rip the area thoroughly and remove and burn all stumps and large roots.

i1 Leave the area under pasture for at least two to three years to allow small roots to rot.
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When treating slightly affected trees

1 Remove soil from around the butt and main roots to a radius of abobigF60 mm. A
pressurget of water from a spray pump is a convenient way to remove soil from around
affected trees. Cut out and burn diseased bark and roots, and paintstigtpaiith a pla
Leave the crown and roots permanently uncovered and do not replace the soil during
cultivation. This will halt the disease, as exposure to air kills Armillaria.

1 Remove and burn all badly affected trees, including roots.
Treatment before repting severely affected trees

1 Map the affected area to find the extent of the infection within the orchard. Include all trees
showing poor growth, all replants within the area plus two rows of apparently healthy trees
adjacent to the affected afeaes can be checked for infection by exposing the roots and
butts, as described above, and by removal of a small piece of bark from this region. On
infected trees this will reveal a creamy white mycelial fan. If rhizomorphs or mycelial fans are
found omny apparently healthy trees, then adjacent trees should also be checked as well.

1 Remove all of the affected trees within the area, and as many roots as possible, and burn them
on the spot. Do not move this material from the site, or cultivatnotiveafiscted

area, as the disease spreads readily through infected roots and stems.

1 Plant a cover crop and allow time for any fine roots which remain in the soil to rot down

completely before replanting.

1 Monitor carefully for any signs that digeappéaring.
More information

Armillariarootrot. State of Viétgrieylture Victohtps://agriculture.vic.govaagburity/plant

diseases/frrtahdnutdiseases/stomlits/armillasractrot
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Bitter Pit

IPDM Quick Facts

9 Bitter pitis a physiological disorder of apples which occurs when insufficient calcium is present
in fruit.

1 Symptoms of bitter pit include dark sunken pits on the surface ahthedrkit brown
tissue .whichcan be confugeth feeding damage from stink bugksdeduin bug
(Dindymis versicolor

9 Poor weather or choice of pesticides applied daringaglimpact on bee activity and
result itow crop loads due to reduced pollination

9 Lightly cropped trees are more prone to this problem
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Bitter pit isdisorder often associated with larger fruit, but a better understanding of the causes of
calcium deficiency and how it relates to other factors inthe orchard will help growers to treat the
problem.

Fruit calcium levels can be influenced by manytlitiegs)ajor cause of bitter pitis a high leaf to

fruit ratio. Lightly cropped trees are more prone to this problem.
Light cropping and bitter pit: causes

Poor pollination Inappropriate pollinators or lack of bee activity due to rainy, wiadyeor cold we
during bloom or use of insecticides which are toxic to bees. The number of seeds infruit provides a
rough index to the level of pollination; where fruit have only a small number of seeds beware of bitter pit.

Tree agelYoung trees tend to havatgreigour and therefore a higher leaf to fruit ratio.

Excessive vigourOver fertilisation, over watering and excessively hard pruning promote foliar growth
at the expense of fruit production which boosts the leaf to fruit ratio.

Overthinning Ovetthinning can occur as a result of poor management or naturally, because of hail,
late frosts etc.

Other factors causing bitter pit

Variety and rootstock_ate in the season as fruit finalises its maturation it loses itodbenection t
xylem. The xylem is the tube which passes calcium from the roots to the fruits. Varieties which lose
this connection earlier, accumulate less calcium and are prone to bitter pit. These varieties include
Braeburn, Granny Smith, Gravenstein,nJandti@olden Delicious. Varieties less likely to suffer

from bitter pit for this reason include Red Delicious.

Incompatibility between scions and rootstocks can also limit xylem flow anaffeoheatpiently
uptake.

Poor uptake of calcium by th@t® Anything whiefifects root health and function can be the
primary cause of bitter pit. Thisincludes dry or waterlogged soil, low soil calciun, a low calcium
magnesium ratio, a large amount of potassium fertiliser, heavy weed or graggpgtdietn, or
between tree roots in a-tegisity planting.

Poor root function can also be caused by salinity, acidic soil, inadequate phosphorous, compaction, low

oxygen, cold conditions, root disease, replant or nematodes.
Preventative management

A soiénalysis should be carried out on new blocks prior to planting and suitable varieties and
variety/rootstock combinations planted. Where established blocks have been affected by bitter pit in

previous seasons growers should determine the underlgigg pemispd]lination etc.) and treat it
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appropriately. Up to six foliar calcium applications peag&as@yuiredate season foliar
calcium applications are particularly inljecdastate in the seasthere is reduced transport of
nutrierst from the soil to the fruit and foliar applications are the most successful way of boosting

calcium.
More Information

Warner, G. 2008. Bitter pit causes are complex. Good Fruit Grower. AApril 15, 2008.
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Apple and Pear IPDI\“ y

Bitterrot

IPDMQuick Facts

A Bitter rot is most likely to become a problem in areas with hot, humid summers.

A The firstfruit infectioan occuate springarly summer when temperatures abGve 21

coincide within or at night when fruit are wet

A Symptoms can appeaearty as three weeks after petal fall but are more common later in the

summer.

A Most symptordevelop as the fruit approaches maturity.

p)

Bitterotinfections often appear as sunken round lesions with concentric circles of spore
masses. Internally the disease is characterised by a conical area of brown rotting flesh.

Orchard sanitatiomiigicalor the controf contrdhis disease.

> >

Remove andkstroy all diseased fruit whether it has fallen or is hanging in the tree.

>\

Remove aléol bemammeemost of t hose wil/l be i n:

>

Scab fungicides frgmoups M3 and ki@ effectivagainst bitter rot and the timing generally
suits incorporatiotoithe scab progra

A Choose fungicides carefully to avoid disrupting predaiatyothgedeneficial species
that are providing biological cohtetondary pests

A Can be confused with Targetiajests ooze is pres@&itter rot ooze is salmon pink

whereas Target spot oozecarcoloured.
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The Pest and its impact

Life cycle

The disease bitter rot is causatlbgal pathoggneviously known@®merella cingulataich

was considerdtsexual stageQGiilletotricugioeosporidies Advances in fungal taxonomy have
resulted irecognition tfatC.gloeosporioides a complex of similar spacieéshe name
Glomerellgingulatis no longemalidBoth apples and pears affected Orchardists may diaee

known this disease asmmer rot or Glomerelld ista member of a group of rots often called
Anthracnose rothich includes target §maised bfeofataea alba C. gbeosporioidesirvives

through winter on shrivelled infected fruit (mummies) oorelibad flaor or hanging intrees

in dead wood. Sexual sporé&) are produced after rain, are airborne and can therefore spread the
disease quickly across relatively large distances. Asexual spores (eal(Bj)cmeidigread by
splashing drwineblown rain. Insects and birds can also be involvedin their dispersak For mostrot
causing fungi fruit needs to be damaged to allow the pathogen to enter ancbuttise disease
gloeosporioides unusual because it can penetrate otherigdriné®l Infected fruit develops
characteristic lesions which produce many millions of Bppeggient on conditions, many

disease cycles can occur in a single.season
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Bitter rot is often the most serious fruit rot to effect apple orchardmiorevaumid production
regions such the Sydney Basinand Stanthorpe. However, most regions reportctat the disease
cause trouble given conducive wiatheeratures aboveC2Wwith raignd orchard conditions
(mummified fruit, wet fruit on mights, rotting fruit left on the tree or orchard floor)

Historically the disease was responsible for major losses and entire crops could be destroyed. The
advent of broad spectrum fungicides led to a significant decline in its impact and rhast now regar

an occasional problem. However, orchardists in some regions (e.g. Stanthepergepod a re

of this disease and specul ate that it may be ©

fungicides.
Damage

Damagen Australia almost entirely confined to th

fruit. Where infection pressure is extremely hig
can become infected with the disease causing s
red flecks which enlarge to irregular brown spots
rare cases this daad to premature loss of leaves
Usually infection of leaves is of no economic img
in Australia

FruitDamage is of two types dependent on whet
infection was caused by a sexual or asexual spo
0l i fecycl ed aibnbyasgxual sporesismoresdmmanl Ciraular lesions betome

larger and sunken as the disease progresses. Copious quantities of ooze containing spores develop in
roughly concentric circles on the surface of the lesions around the point déinfemisgn. Un

humid conditions these spore masses appear creamy and are salmonto pink in colour.

The lesions which develop following infection by sexual spores are less sunken than those caused by
asexual spores. They are brown and are more irregedariif@yaplso tend to produce fewer

spores.

Regardless of which type of spore causes the infection one feature is diagnostic for this disease. The
rot which extends from the surface | esion i s L

wherthe fruit is cut so as to bisect the lesion.

WARNINGnfected fruit that have not yet developed symptoms are said to have latent infections.
Bitter rot is a fungal disease that can develop in storage if fruit have latent infections at harvest.
Postharest fungicide treatments are usually not effective for controlling latent infections caused by this
funguslf your orchard has a history of Bittestaved fruiben orchard sanitatodgreen tip
coppeapplicaticiollowed by a concerted gp@yranshould be considered.
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LeavesDamage to leaves isaahmon in Australigcould be confused with Alternaria leaf spot
damageaused by drift frdesiccanype herbicidefleafsymptomare prealentt would be wise
to send specimens to a specialist diagmastiéor confirmation so that youncplement

appropriate control measures

Glomerella leaf spot symptorasging from small purple spots to brepiotches
Similar Damage

Fruit which is damaged byhemlechanical injury can

develop sunken brown lesions which at first glikee 180k
Bitter rotDamage due to sunburn (pictured) céooilso
likeBitter ratspeciallywhen the sunburas a red halo
around it agiththe early stages of BitterTrbée presence]
of concentric spores distinguishes asexual bitter rot
infections from other types of damage. Infection arisir
sexual spores is more difficult to distinguish and sa
should be sent to a specialist diagnostic laboratory.

Prevention athgood orchard management

Sanitation

Sanitation is critical for effective control. The disease survives through winter on mummified fruit or on
dead wood (see Ol ifecycled above). Remove al/l
can be left in the orchard if they areerwvitbva mower which will mulch them.

Remove and destroy all fallen fruit from the orchard floor both during the season aiftd after harvest.
may also be possddter harvest hasten decomposition of fallen fruit by nferitigeating with

ureaground sprays. Fruitshould not be left hanging after harvest in areas where bitter rot has been a
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problem during the season. Encourage pickers to remove all fruit and throw diseased or damaged fruit
into the inteow where it can be mulched by mdwisgemoves an important source of
overwintering spores.

Fruit which is infected by bitter rot and is left hanging in the tree during the season effectively becomes
a disease dispenser. Although it may batahsiwe removal and destructiceadeti fruit

during summer will reduce damage to the crop and may let you get away with fewer sprays.

Prevention of storagelbetgns in the orchard. Millions of fungal sgoresear®n a single
hanging rotten piece of Trése sporese spreaoy wind throughout the orcRaiting fruit are

best removegrly in the morning when the air is relatively still

Removal and destruction of infected fruit from the ground (left) and hangindriigt¢esll
slow the development of bitter rot.

Monitoring

In areas where bitter rot has been a problem in the past careful monitoring should occur during fruit
development. Fruit are susceptible to infection from 3 weeks after petal faiferctibmaadgt.
in the seasdoiecomes dormant soon aftepihre penetrates the .sBymptoms of infection do not
show untiesumption gfowth is triggereghvarmer weather and humiRtgtively high
temperatures (Z7to 32C) and high humidity favour disease develepnianisceptibility
increasessat maturef anthracnose leaf sppigeabe particularhgitantespecialluring
summerMonitors shoybdy particular attentiohigier ithe treewhere spray applications for
other diseases such as black spot may not haveTteaditslymptoms will be sbralivn

circular spotghich beconseinken by the time they reach a diameter of abdtie 3naiting

bodies of the fungus will appear as small blcardgd in concentric cinclibe sunken lesion
when its diameter rescabout2mm.
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Management

Responsible use of pesticides

As with most diseases application of copper is likely to reduce the rwinbenirgf speres

available to initiate disease early in the season.

Mancozeb, dithianpinam, and nirgtmare registered for the control of bittepoot@fruit,
incudingapplesand pearg hese fugicidesvherapplied for other diseases such as powdery mildew
or black spot will also control bitfeheotiming coincides with spore retéasever, where
monitoring indicates that bitter rot is presenttg tbariyugpplication will be needed.

IPDMAlert In orchardssing predatory mites to control plant feeditiigp mpjglécation of
mancozelziranor metiram may lead to pest mite outbreaks because the fungicides are toxic to

prectory mites
Biologicalcontrol, biorational pesticides and organics

A number of microscopic biological control agents including yeasts and bacteria have been trialled
experimentally overseas and have shown some promise. Asyet, hone have been developed

commercially.
More infomation

Always remember that the biology of pests and the tactics used to control them vary subtly from country
to country and will change withTthaespecies, strains and lifecycles may not be the same as in

Australiaven if the common names ararhe. s

Shane, W.W. a8dtton, T.B. 8B Germination, appressorium forpaattbmfection of immature

and mature apple fruGbhymerell@ngula Phytopathology 71:-454

Velha, A.C, Stadnik, M.J., and WaNhez@il9. UnravelDuljetotrichuspecieassociated with
Glomerellaleaf spot of apptmical Plant pathology 442097
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Codling moth

IPDM Quick Facts

A

A

Orchard hygiene is a critical component of codling moth control

Destuction ainfested fruit, remaband burning neglected trelesiningmpty fruitins
before storagandnot leaving unpicked fruit on trees after\Wwaireesicehe number of
codling moth infesting the orchard

Burrpiles opulled tregsefore spring. Leaving tladéen means that any overwintering
larvae undéhe bark will emeegel easily find mates, then mated females will move to
nearby blockétreeso lay eggs

Althoughazlling moth numbers can be monitored using pheromone tragsilémdrthe

be used to optimise spray timgignportant toeck for damage on a regular. basis

Mating disruption can be an effective tool against codling moths. Mating disruption works best
when usedgainstow populations large blocks of similar teeedere corgmentary

tacticgsuch as trapping of fesyagg parasitisatiapplications of virus against newly

hatched larvagematodes and/or parasitoid wasps egadasied larvae and pupae

used

Normal pheromone lures will not give dadigation of moth populations in mating
disruption triesl blockdHigh dose pheromone lures énating kairomones such as pear
estershould be used in disruption treated blocks

Hanging traps high in the tree gives better results

A group of3 trapsabout 10m aparta ropnmay give a moetiabléndication of moth
activityn a blocthan single, spahg placed traps

Codling moth in most districtsvoasohorts within each generation. Emergence of the first
cohortn spring is erratic and results from individual blocks aresetyiofeddates,

rather than using district forecasts.

Emergence of the second cohort in spring is predigjatibgredaysaccumulated from
thedate when daylength reached 48i5.
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A Selectionfpesticidgfor usagainst insect pests and fungal disessissconsideration of
the no#tiarget effects of those pestisttimt the impaatbiologicalontrohgentds
minimisei prevent resurgence of reaoondary pegtee chapter.6)

A The age ddilvae infing fruit can betermineblymeasuring the width of the head capsule
toidentiythe larval instand then using the degiaetable work backwards to when the
larvae would have hatched. That yhowesidentify possible problems with spray
appicatioror poor timing

A The introduced parasitoid Wesstrus ridehss been releasaghinst codling mioth
QLD NSWVYIC, TAS, and SA

19¢



The pest and its significance

Codling motBydia pomoneitthe key pest in mpsine fruit orcharescept in ¥éterrAustralia,
andsome pesticides useits contrampaca range of secondary pstaigreffects on their
biological conteglentsLeft uncontrolled it can damage up to 100% of thdo@ituiib enast
commercial orchaddsnage levels rarely exceed 1% of ther semalled conventionathards
butcan be higher fanganic orchards

Codling moth originated iasiaand is now present in nearly all pome fruitognantriest he
adult mothas a wingspah1219mm and body length ab&Qbhfin The forewings arewnish
grey with patterndighter greyavycrossinesandhavea characteristoconze or copper coloured
spot athe tipThere isielatively rasmloumorph that has adyobloured forewifige hindwings
are pale brownigirey with fringed borders

5482427

At rest the wings are folded over the back. Adult females are larger than males, that can be easily
identified by the presence of a pair of clatpeenatdf the abdomen.
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UGA5302067

The femalays flatoval, Imm loeggs singly on

leaves and fruNewly laid eggee opaquely white
anddevelop a red ritogvards maturifust before g
hatching the black head of the larva becomes visiblein.,
the eggA newl hatched larvais wiith a black .
head that is approximately Ov@ickeracross the he
capsuleThe young larva@ve to the fruit where th
chew through the skirthe sidestem end or calyx
endand excavatecavity just below the skinwher
they mould the next instar (growth stage) and start eating their wayQum theicavay to the

core they plug the excavated twithedxcrement (frabaj} initially appears as sawdust like material
at the etrance to the tunnel but as the
larva grows the frass becomes browner
and has a syrupy cet&icyThere are
generallfive larval instars that can be
distinguishdxy the widdnd colowof

the head capsukeverage head capsule
widths fagach instare 0.3, 0.5, 0.8,

1.2, and 1.7nmespectivelft the core
they feed on the seadslthey reach the
fifth instaFully mature larvae are about

15mm longnd creamy pink with a dark
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brown headlote:Similar damage can be caused by oriental fruibhosetharvae look like codling

moth larvae but do not generally feed on the seeds

Mature larvdeave the fraihd form cocoons under loose bark on tbe amapkgst leaf litter on

the ground beneath the tree. In summer most of thel@oeammeda pupa from which an adult
emerges about two weeks later. A small peofehtagecooned larvae in summer enter diapause
(hibernation) until the following #sidgy leng#hortenprogressively higher percentages of
cocoonethrvae enter gauseand all of the larvae cocooning in aligaunse.

In springas daylength starts to increase and temperateassjiapausing larvae that have
experienced sufficient chilkaiegpause and form pdpam which adults start emerging around

pink bud on tlapple treeFhisfirst cohort of the ewentered populatiemerge in one or more

periods of peak actingfgrred to as fliglidsapausing larvae that have not had sufficient chill remain
in diapausentil daylength increases beyond4t8sfter which they pupate and eventually emerge
asflights ai second cohatftthe overwintered popul&tteeeggs laid by these firstand second
cohorts produttee first generation of the sebfoto thregenerations a season can be produced

in warmer areabhe firstand second generations includgethg of both cohorts as distinct but
overlapping populatibausgenerally the third generation only includes the progeny of tloé first cohort
the seaad generatioA small percentage of diapglasvae can remain in diapausesing an

entire fruit season, to emerge mextspring

Most mating occurs around dusk when the temmn@inceads higher thatC16 conditions are

overcast in the afternoon and temperatures are higbraamagimg can commence earlier than
duskFemale moths emita sex pherampnea pr o c e s do0 akracbmales far matirigc a | | |
The pheromone components have badrecdand synthetic versions are used in pheromone lures

for trapping males and in mating disruption dispislagraitirandtherefore reduce the number

of eggs laid by fenraleths
Effect of temperature

The growtrateof an insect increasés temperaturgtithe optimum temperaf@C for codling
moth)s exceeded, after which the growth rate rapidly dmodedesatsh can occur if the
temperature is high enough for long éheugial death poiAt) the other end ofghawth curve
the growth rate decreasetemperatures decreasethatjrowth rate becomes so slow that it
appears to st¢pocalled lower developmental threshold)
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Fig.1. Effect of temperature on insect
growth rate

lower
developmental
threshold

w
-
<
o
I
-
3
o
o
(&)

TEMPERATURE

These characteristics are usil/ebop physiological timecealdied degrakays thatbetter

describe insect age and allow phenology modesstinidng of lifecycle events such as egg hatch
and sub=sguent generatiomegrealaysfor codling madhe denoteldy the symbol DBwtere the
subscri pt @10 Cperatureéfddwhichis sed tie practicdl eqsivalent of the
lower developmental thresBoldetimes they are denoté&Dg40C) Other insects have

different base temperatures used to cdegleddays.The eggs, laryaed pupae eabave

specific physiological time requirdmeataplete their development before transforming to the next
life stagelemperature also affectivitiesuch as fligf#13C)andmating (>%6)

For practical purposiesse temperatures are ambient air tempestitaréban the actual
temperature experienced by the insect in its migradicimeteot practical to measure.

Note:ln countries such as the USA, that use Fahrenheit temperaturefajfsefdegubag moth

are oftenDBGHEUOtaddas hd values are muh higher
(F)=1.8 % (C). This must be considered when using reference material from overseas or even the
early Australian references before we chamgasirig Fahrenheit.

Monitoring

Pheromone trafsaited with lures containing a synthetic version of the female searpheromone
used to monitor population tren@dssistlin decisions about management of thevpesittrap
typesareavailabl@ndthe most commnigpes a delta trapsually made of coreflutaoAll
automatipheromoniap typekave one component in comtmoiase of the trap contains a

insert treated watfsticky substance that traps the male moths when theit ligridhporitant that

the sticky insert be replaced when it becomes heavily soiled withdusttasdalebris over time

and therefore loses its effectivédel$s traps come ina range of colours. White traps are common
but tend to attract beas @ther insects during the flowering Berdlacbloured traps do not attract
bees and are easier to see than white traps during Tlesveepg capture more moths if placed
higher in the trbecause that is where moths are more active at elysleels thateBhe traps

come with a witeat can be hooked over a branch but for trees tall@nehair€oan be attached
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to a thin pole (bamboo is iithedilallows the trap to be placed higher in the tree, from #re ground
also makes it easie bring the trap down to inspectthe contents

In orchards that are not using pheroredraed mating disruption the standard lures contain 1mg of
Codlemone (the codling moth pherorimiieeye blockse about 1 trap for everylihaever

rely on just one trap in a block regardless of how small th@édlsicigis trap may have

inadvertently been placediimaot spot 06 of codl i migsdenisionbtowaidsn whi c I
sprayinthe whole block when perhaps ohbytsipet needs to be spragedonversely it may

have been placed in an area of low mottodémsityre may be faulty and the low capture rate may
lead to not spraying when spraying was hikededre traps ya@ploy the more moths you will

captue but rather than make decisions on the total number of moths capturezhitigdietter to

the average number of moths cap&urgdp in the blo&arly recommendations for placement of
trapsrequired the traps to be separated by at leaséB@me@ompetitarinterferend®tween

traps More recent research suggests that it may be bett@itarabscia a line, space@i

apartand s e t he ar r ay .BEhdayauttakes acgdurg of thesdispesiaghnd r a p 0
behaiourof the moths and increases the probability that teeyeailiia pheromone plume.

In orchards treated with mating disruption pheromone tiisgdengdrses used in standard traps

will not give reliable resHitgh dose lures containing 10mg of pheromone were developed to improve
performance in disrupted orchards. More recdotigéalesth a combination of pheromone and a
kairomonesuclas pear estdrave been shown tanbareeffectivenonitoring tools because they

attract both male and female nifathing thegeombo lureés is useful to distinguish between male
. T

_ . T
male female
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and female moffsee below for images of the tips of themlddesch sex) as the females are

generallypnated females searching fovigosition (egg laygitp.

Traps in mating disruption treated orchards should be placed higinoh @#ihéctises m away
from any hand applied pherothspensers. Theelinapping method mentioned above is also

recommendéa blocks treated with mating disruption.
Most of the lures available in Australia should be changed/esiesy 6

Traps should be in place by pink bud teatbtdtight3 here is no neednspect the traps more
frequently than once pekweedy in the season bechastemperaturesean any eggs laid by
moths will take a few weeks to dradaetting of biofix dates to iphigtelogy models can be
done by using the day after thediascatchs the biofix. This provides erftaxghility to allow a
timely spray if needed and it is better to be a&ihe#nntoo late.

Advances in technology have produced prototype automated phettmhase vrapsus
techniques tietect, count and identify insects captured in the trap and theramsreiegsly
data to a websifthese traps can provide instantarmmis but are currently expemsivare
usually leased as part of a semtrct that includes acte®e remote databadee comments
above regarding setting and placement of traps hold for auttonatédraated traps.

Calculating degredays

If you have an automated weather istatgralso come with software to calculate leaf wetness
perials ascospore maturity, and delgnee

If your weather station does not come with relevariiidoftwacan download the daily omaxim
and minimum temperatiarescomputgrou may be able to access dassul degrakay mode

that can use your temperature data.

Most modeflsat use maximum and minimum temperature data calctdaiesdsggea sine

wave approximation fitted to thenimadat#o provide a more aceueatimate than that obtained

by using the simple average temperature minus the base tatquesatiomgresented bélow.
sinewave calculationis useful early in the season baceeise duratetglculates degrdaysat
times when the minimtemperature is below the base temp€nateréhe minimum temperature is
higher than the base tempertiieme is not much difference between the two methods.

Toestimatdegrealay values from daily maximum and minimuatuessgemply add the
maxmum and minimumtempeu r es and di vi de the reteml t by 2
subtract 10 (being the base tempgtatget the degragys for that dayhis basic calculationis

easy t@rogram intocamputespreadsheet

((max +nin)/2) 10 = Didc
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For example: Mak5; Min= 15
(Max + M)f9-10= ((25+15)J2 10 = 402)-10= 26.0= 10
Use of degredays to timspray applications.

To prediathen the eggs laid by maittise first cohort that emerged in spring will stagtdo hatch

set a biofix based on the results of trapping the adudtAunsttaia, unlike nrayhern

hemisphere countregsing emergence is erratic and difficult toagregarbitracglendar dates.

There is usually great variation in emergence dates evéiob&s\@ethe same farm. For this
reasonit is more appropriatedbbiofix for individual bldeksvided traps have been in place

before moths have started to enfnengewill be a period in which no moths are todppestl by
eithethe odd cat¢hen nothing and eventgaihgecutivygeriods when moths are captured.
Experience hakown that weekly trap inspections are adequate for determvrong fioemfin
inspections run the risk thatloeklperiodbat limit flight will result in underestimates of emergence
datesbecause moths can emerge at lower temperatures but not fusiutdmuogitatures are

around 6. Two or moe®nsecutive wedksvhich moths were captured triggers setting of the
biofix Once again, experience has demonstraetlitigathe biofix as the day after the last
inspection date that recorded zer@acettimts for the possibility that mothscemerge t ,od i d n 0 t
if they were flying they were trapped on the firstitayraftewere inspeclied. always better to

bea little beary than late with a spray application

Once biofix has beenaset you start accumulating ddgyeethatartof egg hatch will begin at
around 140 do Many ovicides require applicatiorl@® &cto be effectiiegg laying will
continusvhile moths are still preseciovemay beequiredor abous weeks depending on the
size of the population.

Each generation takes aboubBGOwhich means that the start of egg hatch for the first cohort of
the second generationb@itlue at 7dMDocfrom the original biafid the third generation at 1260
DDoc.

In manpome fruit areas in Australia codling moth exhibits two distimeacbhgetgeration. The
emergence of thecond cohpend therefosetting of its biofshased on degrday

accumulation after the daylength reache&018%. The dat which this occurs varies a little

from year to year and by latimdergence of the first moths of the second sphioygand

therefore expected biofix for that oohars about 10Moc.after daylength reactiecritical
photoperiodlhereafter the calculations for egg hascibvseglient generations of the second cohort

follow the same pattes the first conaut using the biofix dates appropriate to the cohort.
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Fruit damagessessments

Pheromone traps indicate moth astd/giienology models can predict egg hatch to assist with

timing adprays if considered neces§heyphenology models can also prieelicthe next
generation of moths is due to ajppeay.factors iaghon efficacy of control measimdsng
moth larvagre not susceptible to pesticides while they are feeding insketggthesyfngtoccurs
ove a sustained period, so itis important that periodic checks deteoageoblems in time to

take corrective action.

The monitoring program provided in Ghafpteis manuatludes details of two sampling methods

useful for assessooglling moth management. The firgtigaté inspectiafia tree tohed for
obvious signs of infection by disease and infestatiofT hig pestbzes walking around a free

standing treer along a panel of trellised |

trees, for one minkateking for scab lesio
on leaves and fruit, rolled |lehwesndicate
LBAM, cheed leaves that indicate loope
and weeviland the teihle signs of

sawduslike small piles of fraadruit,
indicating eadtage infestations of codlin
mothYou shoulasceasily see the larger
piles of brown syrupy fradiating deeper






























































































































































































































































































































