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About this manual

Thissecond edition of thanualevises thAustralian apple and pear IPM stdaegjpped in
200708.Development bebriginastrategy involved collaboration between Australian apple and pear
growers, researchers and extension spézielesdte a strategy that gave practical pest

management options instead of &édwarm fuzzyd phi

Australian pome fruit is grown in aofatigeatic zonefich means thie pest problems

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

updated pest management knowledge, an increased emphasis on cultural and biological control options
thathelp reduce reliance on pesticides and help to slow development of resistiseasiEspests

and weeds to chemical treatniRe¢slers will also notice that the manual is now called an IPDM

manual to recognise the advances in integrating diseasemahiag@aew manual is being

delivered in conjunction with training opportunities for growers, agronomists, pest management scouts

and consultants, and extension officers.

Manymarkets require growers to demonstrate that they are growing their crops in ways that are safe to
the environment, consumers, farm workéne germeral community.  Any claims by growers are
expected to stand up to the scrutiny of an audit. Jthathgeawers need to docuniitthey do

and why they do it, which isAubtralian growers have adopted Quality AfQA¥ystems that
identifydocumengand control food safety issRQAssystem®quirgustification pkst management

decisiontobe based dhe results afonitoring pest populations. This is integral tinlBd past

IPMoften focussed on integrating biological contrividivficaral pespecies into the pesticide

dominated progréon contrlling the broadmst complexastacking cropdn examplis integrated

mite control in whiprkedator mites resistarthebroaespectrurpesticides used against codling moth

were introduced to control spidesutiiteaks caused by those sameigesskilling other tanget
specieshathadpreviouslgxerted control over the pest miitesAustralian apple and pear industry

suppog a sustained progranpe$t managemersearch and development that gerehatier

understanding of theeractions occurring in the orcharoarttiey impact on crop quatityd
productivitysrowers now have a suite of biological, agronomic, amstplemisicobailable to

help them deal with the interactive biological welnligepests, weeds, and biological control agents

that influence their economic and ecological sustsiaapildfthese are covered in the revised

manual. Updates and new tools are also available on the Australian Apple and Pear IPDM Webpage

www.extensionaus.com.au/ozapplepeangaimfacebook OzApplePearlPDM.
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Chapter 1: Introduction to IPDM

IPDM quick facts

1
1
1

= =

=

Orchardists are in the business of growinfrujteaditynotimber

Pests, diseases and weeds are not probldires/gtétt to cause economic losses
Biocontrol agents are goodtérnginvestments

Soil biodiversity is importaptdot healtdnd nutritipand supporting biocontrol agents
Impreing biosecurity is more-effsttive thaitempting to eradicate all pests and diseases
Cultural practices are effeptarentative measures

Pesticides havede in IPDM strategiesnugbe chosen with cared only used when

really needed

Consevation agriculture relies on minimal mechadisalrbaihce, at least 30%
permanent soil orgardeer, and species diversificatimptove soil health and habitat for

biocontrol agents
Regenerative agricultsi@n evolution of conservatiarukigre

Functional diversiggognises that species canpsftrm more than one role in an

ecosystem
Conservation biocongrgirovision of habitat to support biocontrol agents
Use of IPDM is a personal choice

IPDM involvégentification of objestiedmplementimanned strategi¢actics

monitoring and evaluation



What is IBM?

IPDM isintegratefdestand diseasmanagementt isdefined bthe Food and Agriculture
OrganisatidifAO) as meanifiige careful consideration afailable pest control techniques and
subsequeimtegration of appropriate measures that digbewtagelopment of pest populations

and keep pesticides and other interventeweds that are economically justified an@reduce
minimize risks torhan health and the environ(f®i¥) emphasizebe growth of a healthy crop

with the least possibleughgon to agezosystems and encourages natural pest control

mechanissn InGhortPDM involves evaluating your pest problems alegdlming a systems
approach to manage the problems in a crop productidhroagteitially appeamplicad
becauseonsidetion must be giveimpact on the entire blouk side effects lincontrol agents
working fibehind the scenesd pGeeewapanveliumg ot her p
IPDM prograrmwill result in reduced usage of synthetic pedtimdgs in some cases they may be
substituted by HgesticidesThisisa natural consequence of considering the entire range of control
options availabktarting with orchard hygiene and other cultural aspects such as pest or disease
resistant rootstocks, encouraging biocontrol agents, use of technology thabdignupisgist

systemgpheromonesind use of approprizsticides when required

AlthoughPDM systems generally have a commobeherdee way they ruven within a single

crop system such as apples ortpeastaildepenan the geographical area in whictothés
locatedApple and pear IPDM systdeweloped Bermany, North America, or even New Zealand

will bedealing with pest complexes anfdwigtedatoclimate interactions that are different to

those in Austliaand therefore cannotbé o pt e d  fvibhbut motlificai@iBerert gréwing

regions in Austraiaohave differences in pest complexes andtchimaed to lsensidereds

part of the challerigaleveloping a national IPDM sy®terdecision to implement IPDM is very

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

providing strategji@ther than prescriptive recipes.
Orchardistusing IBM choose management agitiom withinstrategic plahat recognises that:
9 The orchardist is in the business of growangalitgtruit

1 Presence of pests and diseases is natural amat goesent a problem until they start to

create economic less

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

out break, then thatodéds a cost associated wi't

1C



1 Somebhiocontrol agents will persist for a long time in the orchard after being released (often
depending on what chemical are subsequently used) and so may provide benefits throughout
the season and in years to come, resulting in the cost being spreadraross se

9 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 price for fruit produced under a system that

doesndt wuse hard chemicals can outweigh the
1 Soil biodiersity is an important indicator of soil health.

1 Weeds are plants that are growing where they are ndYeaddddke advantage of bare
soil and bacterially dominated soil micRlbimsthat compete with crop plants for water
and nutrients withprdviding eset benefits to the crop plants are weeds. Hoamyer,

i w e stiinalaie nitrogéxing soil microb@wsprove soil heathd/oprovié nectar that
sustains parasitoid wasps and other biocontrthatgarttegn reduce pest and disease

pressure.

1 Completely eradicating pests and diseases is almost impossible but preventing their

establishment is feadiiiémproving farm biosecurity.

1 Cultural techniquéscluding crop hygiene, are preventative measures that limit initial pest

and disease population size

9 Biological control agentsareeficial species that pradgeffective pest and disease

management but may require occaslprialdx@¢reme conditions

1 Pesticides have a place in the strategy but should be chosen using knowledge of their target
rangehow they impact beneficial spgaibsas pollinatansd biocontrol agents, their
approval and MRLs in target markets, resistaagement strategies asdtry periods.

Conservation agricultupgomotes the useotillage techniquéat generate minimum soil
disturbancenaintenance of a permanent osgérdover, amdant species diverstymproviarm
biodiversity atlteecosystem functions above and belowtbedUead to greater water and
nutrient use efficiefmyimproved sustainable crop prodibgomare three princighégng

conservation agricutture

1 Minimum mechanical soil didianceachieved through direct seediddertilizer
placerant Land preparation for sedditigis approastvolves slashimgllingor spraying
existing weeds and crop residoreate a mulch lagmd direct seeding through the mulch
to maintaisoil covefnmodermoderatbigh densifyerenniatee cropsoil beneath the

treeds usually maintained wieeeby sprayingp that the tree roots are not disturbed

11



1 Permanent soil organic cowdrat least 30¥%haintained witbver crops orop residues
Cover crops aneed to improve soil fettiéitween cropsid in annual cropping systems
theirgrowth is interrupted before they compete with the commarpiiecnoipl
deciduous tree crops such as pome fruit a common practice is to maintain a grass/clover inter
row sward and a narrow weed frdméréteat is mulched by use of -disdwargmower
to maintain the intew at a low heighite interrowprovideabout 55%oil organmover
andthe mulched areampletes the coverdfja.side discharge mower is not used to
provide multhei we e d s 0 gtrealing can Ige sprayed withe dessicant type

herbicidéhat leaves standing plant esidprovide soil cover

1 Species diversificaticachieved througiop rotationsvolving at least three different crop
typeds not feasible in a peretr@alorchard unless the-notgrisusedor fAcr.opd r ot at
An alternative way to improve species diversftogbiant a mixed speciesrmiersing
a range of perennial/arahnuaplantghatwithstand mowing and tr&ffich a sward
could be designedniprove soil health afsbprovide habitatd alternative food sources

for beneficial predatory andifiabéscontrol agents useful for pest management.

Regenerative agriculturseboth a new name for an old philosophy and anoéwalogervation
agriculturerherebynanyof theexternahputsare replaceshennatural systerage alloweih moe
tovardgreater complexipyodiversity) in response to disterlidgsoccurringn tandem with
developmenf systems approachescience that acknowleldgeraditional reductionist approach
to problem solvitades too long to explatncompleedaptivinteractions betwesrecies
substrateand disturbanegthin an agroecosystBiodiversitselated to an agroecosystem can be
cropassoftediodiversityonsisting of the range of orgaaisave and below grasodh as
pestsdiseases, weeds, biological control, gdlitiators, and mycorrhiza) taagpositivedy
negatively impact on agricuRlaened biodivergityan agroesgstenincludesall the organisms
including crgpeciesntroduced by the farmer. Unplannedrbitydie=all other organighet

exist in or colonise the agroecosystem

Functional diversitis a measure thie number of species anduh#er of different rahese

species perform in the ecosy#tesimgle species can prawimte than one role or function.

Classicabiocontroland augmentative bioconthath involve release of predatarasitoids, or
pathogens that attaop psts. Theebiocontrol agents are usually imppeeidlistsom the
home rangef the pest aid Australimust undergotensive testing for host speditifitye

approval can be given to release them from quarantine

Conservatiomiocontrolis the practice of providing habgapport populations afraly
occurring predators and paraghteidsttack crop pe§tenservation biocorgupports the wide

range of generalist native predators aniidarbsat also has ptigdto enhance survival and

12



performance of introduced specialist biocontrotlageetsunder classacal augmentative
biocontrol programs. Practices that incrémseerisdundance and habitat structure are important

components of conservétiocontrol.

One of the many challenges faastealiaapple and pear growers in adopting regenerative
agriculture approachebas the cropn introduced spegisBy definition a disturbandbe
ecosysterand triggers an adaptespons&om the unplanned biodiversity happeias the
same time that tiéroduced speciegy requiupplementsiess theres sufficiefitinctional
diversityn thesoil biotéo providéor its need$he application of supplenmeaythen have a

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

The goadf IPDM is to reduce pest populations while minimizing risk to theapabieoefical
species such as predafoasagoids, pollinatorsdaarthwormshis can be achievwsd
integrating aspeofgonservation agriculture, regenerative agriculture, and corsmandio

improve functional divetisiyugh increased biodiversity within the production system
Making the decision tse IPMrequirespersonal choices

Australian pome fruit orchaajist@te under a production system that requires a high degree of

financial risknd large amounts of annual expenditure to achieve production that may generate low

rates of returad and damaged fruit costs nmolw marketable yield but there are also

significant costs associated with preventing yield loss. If theveodisglfoss are higher than the

value of the potenitial the threshold damage levels are totidoleval of damage considered

acceptable varies between orchamiisigontext dependent Some want to produce
and are willingpay to do this while others will tolerate some ddbhvageiolNres making

personal choices about wizatdsceptablievel of damaged what level of iskcceptable

There are no firm rules and regulations.

A well run DM program involves rauection in packit. However, during the first few seésons
transition while the system beds down and beneficial biodiversitynestpbtishes, means that

somanmistakemayhappen. The information in this manual provides a way of ntiniskising tha
Farm management practices
Professiongkst monitoring services are available forwhmwvers

1 Do not have staff trained in pest, diseasecanidentification

1 Do not have time to condgtilamonitoring

1 Prefer to hawedependentonitoring conducted

Manyof the larger orchards employ their own trained agmouerste farm operatiSteff
conductinirm management activities such as pppwnngg, thinning, irrigagéindharvestm



should be givéasidnstruction in identificadf@ymptoms that trees or fruit may be infeisted. Th
forms the basis of situational awareness that allows otohdetestaihusual pests or damage

that can be referredn® agronomist, crop consultant, or govegenergfor identification as part

of theorchard biosecurity progidra.additionabservers in the orchard provigEaas of passive
surveillanakat may detect early sajres problem that can then be addressed before it becomes a
hotspot

Decisions on the need formpasagemeiritervention, and whadiso use, depend on a range of

factors:
1 The pest, disease or weed being targeted
1 The size of the problem, as indicated by results from monitoring
1 Presence biocontrol agents that conadage 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 effectéf pesticidemcluding implications for IPDM

= = =4 =4 =9

Presence of resistant pests, diseases or weeds

=

Cost of alternative products, including consideration of costs resuliamgdtampacis
(such as additional chemical applications to control mite flare, or the cost of purchasing

biological control agdntreplace those killed by 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 documentesd. Spray operator

should be appropriately trained and accredited.
Legislation

All orchardausicomply with relevant natisteateandterritory pest and diseasrol legislation.
All pesticides supplied and sold in Aosiistlize registered by the AustRestides and
Veterinary Medicines Authority (APMMApNtrol of use of pesticides is gdweBtate and
Territory regulatiobabel directions must be follimergsure that maximum residugMRiLs)
are not exceedadd that begothenontarget organisnthe environmeahd humans are not
adversely affectéds outside the scapehis manual to proddmils of the State and Territory
regulationsvhichmayvaryregarihgdefinitions @f d f af uses, and is the respshility of

individual businesses to ensure they are cuiitipléamtent regulations

14



Market requirements

Each market has detajjeality assurance requirentergssure that food sadety other quality
standards are met. Export magketsome interstate markets, have addittosahjpagy
(biosecuritygquirements that may stipulate particular monitoringestdridapassiarvest
disinfestation protocBlport markets @igaryriwhich pesticidean be used to produce the crop

and theermitteMRLsThese change frequently and are outside the scope of this manual
Developng a strategyo transitiorto IPDM

9 Summarise the current situation, providing some historical lvowtggtzundent

aspirations (long term objatiiik drive adoption @NVP

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

1 Pan for potential changes in pest or disease pressure as you makmahaggagent

or the climatic conditions change.

1 Seek knowledge on the positive and negatffeaislefhanges that you intend to

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

1 Develop and implement a monitoring programéddracanad theséactis so that you
can intervene with corrective attiiottgyical or chemjitakeemlamage within acceptable

levels

1 Evaluatéhe impact gburtactics and strategéaeh season then record any subsequent

changes and the reasons for those changes.

9 This is no different to the process (identifying risks, impfsnapiaig risk mitigation

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

The key to IPDM success is to monitor activities, keep good records of what has been done and the
results of those actions. Records bbaigdd to analyse current strategies and to honestly evaluate
whether the chosen tactics are the best options. This allows constant refinement of the management

strategy to cope with new threats.



Some IPM terms defined

IPDM comes with its own jarfomterminology is quite simple and will help you to understand this

manual . ltés important that you understand th

1. Monitorings a structured system for quantifying the likelihood of pagts Ipeocblaim in the

orchard. Itinvolves

1 Establishingand checkingrapsto capture mobile stages of pests (typically adults) or
diseases (typically spa@gssess population levels and/or to generate data used in
predictive models that forecast critical times in the pest or dise&sefifeayatds for

each individual trap.

1 Checking trees for signs of infestatibiis preferable to select treemna@lom each time
these checks are undertaken. Record results for each individual tree so that you get a feel for
variability between trees rather than just responding to totainbe steticagevels. A
good practicgeencourageent of situatiomaareness gtaff who are regularly mowing, or
conducting other activities in the osthdrdt they deteetrly signs of infestations or other
problemst is often temptingrtonitor the same tréadicator, static or sentinel trees)
throughouhe seasonut this is usually counterproductive since they atetsfansn
(particular trees prone to propardsan lead to ovestimation of severity or lead to you

missing development of infestations in other parts of the block.

1 Carefullycheckingweatheforecastsor conditiorssich as temperatures, rainfall, leaf

wetness and wind speed thdikahgto favour pestdiseasesr affect spray application

1 Checking fruit damageaitical stages of pest and disease development and again a

harvesto measure the success of your management efforts.

1 Maintaining database recordsesultsfrom trapping, tree inspecticesther statigns

data loggerand fruit inspections.
2. Sample unis the precise item that is monitoreexaRgple:
91 If twespotted mite is being rocedt, the sample unit is a leaf
1 If Phytophthora is being monitored, the sanpkhdéree or soil at the base of the tree
9 If black spot is being monitored, the sample funitsaacleaf

1 Aninsectap
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3. Actionthreshold(or Economic Threshold)thepest or disease level at which you may need to
intervene to prevent economic damage from ddeeirgicmnomic injury level is reached when the
value of damage caused by pest population equals the cogictiboahtreghaldnclude:

1 Pest numbers per sample unit aezataitevel (e.g. 10 mites/l&afoths/trap

1 The proportion of infested sample units reaches a certaiB08vdééees infested with

mites)

1 An accumulation 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 favourakdeptest that it is almoettain that damage will follow (e.g. a
scab warning has been issued and you have a block with history of scab)

Action t hr eshol dtbamasbereached exagtlyes cpn be vaniad mithe r s 0
experienc@alue of the crop, atmlity to respond in time to avoid adverse oBeomes

economic injury level varies due to a range of factors such as seasonal conditions, crop susceptibility,
weather, rate of pest population in@easeffects of spedifeatmentand value of the crop it is

almost impossible to determine in advance. The usual practice is to set an economic injury level that the
grower is comfortable with, and an action thresholentbiadin@ergin of safety that the economic

injuy level is not exceedesithe grower gains more experience and confidence in the approach the

action threshold can be increased.
4. Appropriate actiomhan 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 minor ipast, or
disruptive treatment must be ampialementary releases of biocontrol agents can be

made to counteract the disruption
5. Cultural control methodsnipulate the crop enmient to:

1 Reduce susceptibility to pggisproving plant health or using varieties and rootstocks

resistant to the pest

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

improve light penetration and air flow

9 Increasing soil health and orchard floor biodiversity
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6. Biological contrid the suppression of pest damage throafiothef natural enemidsich

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

1 Importation and establishmafitspecialised natural enemies from the region in which a
pest originated. An example is Mastrus ridens, the parasatidgavaspmy of codling

mothmportethto Aistralia and New Zealand Kamakhstaria California and Argentina

1 Augmentation by localised releasésatural enemies purchased from commercial

suppliers of biological control agents.

1 Conservation by modifying the crop environreeimcrease biodisigy that in turn

enhances performance of natural enemies.

7. Behaviour modificatiémthe manipulation of pest communication systems to alter the behaviour of
the pest in ways that reduce its population by reducing either its abilityeipgs ate thielapst.
This can be achieved through use of:

1 Pheromonessed to attract insects to traps

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

delay mating and oviposition resulting in lower pest populations

1 Combnation of pheromones and host plant volatileésprove sensitivity of monitoring

traps and mas®pping 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 before problems are observatevelap#d IPDM plan involves 4 major steps:
1. Prevention by strategic planning to avoid problems
o0 Identify short, medium andt&ngobjectives
o Developgtrategies to achieve the objectives
o0 Determine resources required to undertake the strategies
o ldentify suitable tactics to employ to allow flexible delivery of the strategies
o ldentify milestones needed to track performance of tactics
o0 Identify criteriadonfirm achievement of milestones
o0 Document a work plan
2. Preparation to counter adverse conditions
0 ldentify existing issues
o Identify and evaluate potential solutions to existing issues
0 Consider possible side effects that could generate new issues
o ldentify ahevaluate potential solutions to the possible new issues
o0 Include the solutions you have identified into your strategic plan as tactics
3. Planting healthy quality trees into well prepared sites
o0 Determine the health and quality parameters you want
0 Specify ths@ parameters in your contract with the nursery
0 Reject trees that do not meet your specifications
0 Planting substandard trees costs you in lost productivity
4. Pest, disease and weed management planning

0 Assess previous season damage



Develop an Action Plan

Idenify suitable thresholds for interventions

Identify suitable 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 getaitten report after each visit by scout

2(



Step 1: Prevention

Plan strategically
9 Establishing new blocks
0 ldentify constraints to productivity related to the proposed site.
0 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 youibusiness plan

o Contract a reputable nursery to provide healthy, certified patesgshtrees

to your specifid@ons.
9 Site preparation
o Existing blocks
0 Assess damage levels from previous season
o Identify pest, disease, and weed hotspots
0 ldentify corrective measures
0 General maintenance
A Pruning and tree training
A Irrigation system

A Machinery service,placement and caliation

Planning to set up new blocks on old orchard land or virgin land
Start planning before the old orchard is remolkid gives you time to:
9 Identify and correct any drainage problems and soil nutrition.
1 Order the correct varietyraatstock combinations from nurseries.
9 Order trellising and irrigation systems.
9 Plan labour requirements.

9 Plan cultural practices and equipment requirements such as ripping, discing, marking out,

fertiliser incorporation and planting.
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Check local advicall 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 photoddapig.a map or photograph allows yo

to accurately locate problems areas (e.g. drainage, poor trees, different soil types, and prevailing
winds). This allows time to plan for corrective measures such as installing drains or grassed waterways
and planting windbreaks; or to adjust isigators. 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 bidiegg. tests identify if you
needo 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 the rigihdl timéne 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 maynleeessary to test for specifib@wié problems that will affect the soil
treatments e.g. White RootRasie(linia necalrix Queensland, Phytophthora and

Armillaria.

1 Nematodes can severely affect tree growth. A nematode test is highly r@clghinended f

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 thi¢ isitextremely important that if soll
amendments (anadgphorous fertilisers) are required, they are incorporated into the root zone before
planting as they are highly mobile in the soil. Surface applications take several years to reach the root
zone and have any beneficial effect. Do not use dol@witthimigilmagnesium 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 crBpsparatory planning may #hevit is
inappropriate to replant the orchard. A change of crefeonlapgevach to replanting may be
necessary. Orchards are expensive to establis

shortcuts.

Select and order the varieties amatstocks.Selecting the right variety determines how much
money you can make. Selecting the right rootstock determines how much you minimise production

costs, maximise packouts and altitherefore maximise profits.



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

for example whip, viedithered trees {1 feathers) or double leader for Tatura trellis.

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

you want, not what you can get.

Budget accuratedudgeting helps you am jgiffectively and make sure that you have everything

you nheed. It also 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 pastl disease monitoring and identify hotspots and potential control

problems.

1 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 purchiakegical control agents-ntreduce or togp populations

that were affected by chemicals used last season.

1 Develop a strategic plan involving appropriate use of alternative pesticides that will provide a
backup for the biocontrol agents withodtilhsideffects.

General maintenance
Pest carrover 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 itsdearDestoying

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

1 Look for disease cankers and demeige 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 populations over winter and avoid uskaif pesticides t

may Kkill 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 diseases dnmtimaftsapucking insects sushaphids and
mealybugs tends to be lower.

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

1 Although benefits carghined from opening the canopy through pruning and training,

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

9 Fetiliser 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:
remove water shoots
remove diseased tissue

open the canofyallow air movement and better spray penetration.

= =4 =4 =

Allow for renewal of fruiting wood

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

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

Pesticides dondét reach the space between fr

= =4 =4 =

Fruittofruit contact leads to skin damage 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 antepnétenst 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

9 Service all tractors and sprayetsedllor e t heydr e needed.
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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-mufitiaimgdvell

equipment to sgrthe entire orchard witldid&ys 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 calibration to ensure they are providing

accurte data.
Netting

9 Full exclusion netting must be inspected regularly, and damage repaired to prevent pest

incursion.



Step 2: Prepare land for planting

T

If you are replanting an existing block survey the trees and mark on a map the location
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 removedetitee

be destroyed by burning on site consider the effects of high temperatures on soil
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 #&@propria

Fire agency or both.

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

supports).

Work in the cover crops, hill up the rows, establish infrastructure, and plant suitable

orchard floor species in the intexvs.

Remove the old Orchard or virgin bush and tree roots

T

Remove trees when soil conditions émalasy removal of trees and rodtss
important to remove as many roots as possible, so avoid dry periods or wet soils when

removing trees.

Timing and removal methg@mllldozing, excavator or stumping) will depend on the soll

conditions, slope (safetg erosion) and permanent fixtures in the orchard.

Collect and dispose of as many roots as posdiiié roots harbour pathogens that can

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

Where practical remove all root piegestioan 200 cm and/or larger th&ncan in

diameter. Use a disc to cut roots if they cannot be collected economically.

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

burning old trees affects the soitargemisms and nutrient availability under the heap. For
orchard uniformity it is best to burn the trees off the planting site. If trees must be burned on
site, several small heaps are betteortle large one. Burn before spring to avoid emergence

of overwintered codling moths from under the bark of removed trees.

Take precautions to avoid erosion problefmse removal can be one of the highest
erosion risk periods on steep slopes. Crneesthave 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 water running down the block. Establish a cover crop if land is to be left bare for any length

of time, particularlyvinter.

Prepare the site

T

Rip the site to improve soil aeration, drainage, root removal and to reduce compaction
problems.Rip in late summer when the soil is dry and therefore shatters easily. Rip old
orchards to break up hard pans and compacté&aliarpes/e aeration and root

penetration and to bring old roots to the surface.

On steep sites minimise the erosion risk by leaving the soil in a rough condition until ready to
further prepare the site. Interceptor drains, grade furrows and/oksomagalsa be

necessary.

Erosion can be minimised in some situations by only ripping the proposed new rows, not the
whole area. If you use this technique the new rows need teobeaadykiedhe

process.

Roughly cultivate site and remove anyhlgioots.Each preparatory activity unearths old

roots. The more roots that are removed (especially large roots), the better.

Evenout the site if required (and practic&yen out any rough or shallow areas
(especially along the planting row) lopdawmiform block. This is a high erosion risk

activity, therefore take suitable precautions.

Apply and incorporate to a depth of 15 cm or more, any fertiliser, lime gypsum, dolomite
or organic matter (identified in step 1). If problems are identtiisdbgoil acidity or

sodicity, incorporate gypsum into rip linBsior to mounding and/or final soil preparation,
broadcast any fertilisers and soil amendments (lime, gypsum etc.) and incorporate by

cultivation.

Where significant quantities of teamergs and/or phosphorous are to be added, it is

preferable to apply the soil amendments first, cultivate, and then apply the fertiliser separately.

Mark out new rowsminimising planting in old tree roWwse replanted block will usually
involve new tnag systems and different planting densities. Using your orchard plan

accurately mark out the new block. Minimise the number of rows in old row positions.

Recultivaté preparing for planting or mounding/here soil depth or drainage is an issue
the die can be mounded by moving topsoils from the centre of the row into raised mounds
along the planting row. This increases the depth of topsoil for tree roots and ensures the root

crown is above the water table. Thewspace also acts as a swifare Mounding is
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particularly valuable in replanted blocks which have previously had problems with root

diseases such as Phytophthora, Armillaria or white root rot.

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

water.

When mounds and grassed waterways are in place, the site is ready for the final cultivation to

prepare the row for planting. This final cultivatidrestione on the day of planting.

Plant cover cropWWhen rows and mounds are defined, th@nrgera should be

cultivated lightly and planted with a cover crop as soon apiesalbly in autumn to

stabilise the soil prior to winter arm/tdepa firm surface during the winter/spring planting.
When choosing a cover crop pay attention to the pests which are likely to occur in the block,
the requirements for nectar and shelter of predators and parasitoids that may prey on the
pests, traffibility and other irt@v management issues, and plant appropriately. For
example, Western flower thrips can build to large numbersow amiciecontains white

clover before moving inaond damagirighe crop.
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Step 3: Planting and establishment

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

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

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

not stress the young trees

Store nursery trees correctly before plantigrsery trees (especially their root syshemld

never be allowed to dry out. Trees should be planted on arrival from the nursery or store them by:
1 Healing into moist sawdust, sand-prepalied sdilgood drainage is critical.

1 Placing them in a dratigig shed, bundled together ancedovégh moist hessian or
tarpaulin. Moisten the cover several times a day. This is only suiizioie fbostymt

9 Putting them in cool stoigglace trees upright in a bin, roots thoroughly covered with
sawdust. Moisten tops daily and doneawish fruit. Only fully dormant trees are suitable

for longeterm storage using this method.

Plant early (June/July) where possibleather conditions determine when soil can be prepared
and therefore when trees can be planted. Early plaetsrginestuon young trees and allows the
roots to settle and recommence growth before shoot growth. Trees should be planted between June

and midugust.

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

retarded, desiccation maybe a problem and tree losses can increase.

Dondt plant di seased,Onlglealthygreed that are frédecofobwionsat ed tr
diseasesncluding crown gall, should be planted. Damaged trees or roots should be graded out and

treated / pruned.

9 Avoid using desiccated trees. These trees can be rehydrated by placing in a running stream or

bath of water for no more than 24 hours.

Plant qualit, balanced trees with good root systefssure that the trees delivered are what you
require for the training system. If there is considerable variation, discuss this with the nurseryman and
consider regrading. Orchard uniformity is improvedifesinaital shaped trees are planted in the

same row.



1 Good nursery trees should have a complete, evenly distributed root system with plenty of
fibrous roots. Australian nursery trees are often large with many fibrous roots removed. These

trees must beoked after to ensure good establishment.

1 A medium sized tree with good fibrous roots should establish better in the first year than any

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

Dondt put f etingthold.Moseammorniium phodpleate (MAR) is often used as a
planting hole amendment in replant orchards. If placed incorrectly, young root systems can be burnt

and tree performance afféctebs can even die.

9 If fertiliser requirements are codewhynined and applied as outlined previously, there
should be no need to use any fertiliser in the planting holes. Fertiliser containing nitrogen

would be better on top, after planting.

Planting depth and graft unior@anting depth is influencedibtyge, budding height and

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

1 Some dwarfing apple rootstocks are prone to burr knotting (especially M26) so graft unions
should be as close to the soil as possible but higtoenimiigise scion rooting (5 to 10

cm).

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

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

Ensure trees are adequately watémeat planting (hand, rain or irrigateldljs important to
exclude air pocketsrfraround the roots of newly planted trees. This improves soil/root contact
reducing moisture stress on the tree and stimulates quicker growth. In dry conditions or soils, all trees

should be watef@dat planting.

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

the chance of successful tree establishment.

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

this stage will damage the tree.

1 Do n 6 tnto pdt soits tas growth will be retarded.
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Install an irrigation systen@nce planted, it is important to prevent the rapidly growing new trees

experiencing any moisture stress.

1 Dwarfing apple rootstocks especially M9, Ottawa 3 and M26 haee sroalgstéims

and are susceptible to moisture stress during establishment.

9 Itis therefore critical to have an irrigation system installed and operational as soon as possible

after planting.

Install support systems, especially for dwarfing rootstatfusd plays havoc with newly planted

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

Use tender loving care for your tre€ke old strategy of treating young treestbtadtly

inappropriate for new-digisity orchards.

1 To ensure yields and quick returns on capital invested, do everything to maximise growth and

minimise problems.

1 The first two years of a newly planted orchard are the most critical. Pauresiagishme
performance in these years can negate the bhigifiteritylantings and substantially

reduce the net profit of the orchard for its entire life.

Dondt o voase littfe and bfterPropereapplication of fertilisgdanéingegates 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 fertigated) in small frequent doses during the first two

seasons.

1 Large doses of nitrofgtiliser will encourage excessive soft foliage growth and encourage
aphids and other gapding pests.

1 Once trees begin cropping the soil/trees should be tested and fertiliser applications adjusted

according to test results.

Avoid moisture stressirrigate carefully (light and frequer®yoblems with moisture stress

cannot be over emphasised.

1 Small trees have small root systems so light frequent irrigations are required to avoid

excessive soil wetting and drying.
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Keep young trees healthy ratheh an o we ed aThtde vcea md enfreé r cefe 6a fwe ed
treelinereates several problems because bare earth is not healthy soil and fruit trees perform better in
healthy soils. Conventional wisdom suggests weeds compete with the trees fartnmeigsure and n

and must be removed. However, most herbaceous weeds are colonisers of disturbed or impoverished
soil that is dominated by bacteria instead of beneficial mycorrhizal fungi. These colonisers stimulate
nitrogen fixing soil biota that assist rexfaherfungal biomass. Mycorrhizal fungi and the tree roots
form symbiotic relationships that enhance upt a
encourage mycorrhizal fungi improve the ovsoalivsoiity apdovide nectar thahances

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

rather than weeds.

9 Be careful with herbicide applications, they can kill young trees and some have unintended

sideeffects on beneficial insautsfangi.

9 Tree guards reduce damage caused by rabbits, hares and wallabies, and they protect young
green stems from herbicide but should be inspected for sheltering slugs, snails, and harlequin

bugs.

T Dondét bury tree guar deestaninduves prebtemswith t r apped

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

1 Prevent establishment of agricultural and environmental weeds such as mallows, fat hen, dock,
thistles, bridal erg e r i vy, wireweed, and morning gl or
and harlequin bugs to bypass the tree trunk to access the canopy and therefore avoid butt

treatments designed to trap, deter, or kill the pests,

1 Lowegrowing herbaceous plaitts 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 Avoi d di s eraukcletpo cldse to frde trunksa c e
1 Mulch can provide shelter to generalist predatory insects.
1 Mulch may attract hares, rabbits, rats and mice depending on the type of mulch.
Grow the tree then cro@iavoid the temptation to overcrop early.

1 The quickestyto 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 ensure adequate shoot growth

in the first two or three years.
1 M26 apple stock will stop growth if croppeavityotoo early.
Hand remove flowers and fruit in the first season.

9 For most training systems it is highly advisable to hand remove any fruit that sets in the first

season after planting as it can significantly affect tree canopy development.
9 Avoid chemical thinners as they suppress tree growth.
Dondt negl ehttention to datad helpsrtaegeickly establigst@rligh) an orchard.
1 Neglect affects the viability of the business.
Pros and cons of netting
1 Netting an orchard block is an expensive venture.

1 Netting can improve returns by reducing oingrekgmdamage from birds, fruit bats, hail,

wind and sunburn.

1 Costs of establishing netting depend on the type of netting system (mesh size, colour, strength,

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

9 Full exclusion netting may reztisdty of beneficial species such as insectivorous birds,

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

1 Netting a#tts bee survival and may interfere with bee orientation during flowering, resulting in
lower pollination. Rowolly netting is better for bees than full netting. The impact of full netting
can be reduced if the sides can be rolled up during flcnedsoalBias access by other
pollinators and biocontrol agents. Reducing the number of days hives are under netting will

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

1 Care must be taken when sprayingdpssticder nets prior to flowering. Dormant sprays of
copper sometimes drift onto 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 flowger Close to harvest sprays can dry on overhead netting, fall later and cause

residue problems



Step 4: Pest and disease management plan

1

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

monitoring actities.
Purchase and install appropriate traps, sensors and weather stations.

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 wth suitable interventions if necessary.
Record all monitoring results, your decisions 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 contingencies and incorporate appropriate responses to all possible

scenarios so that you are not caught unprepared.

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

early warning of trouble brewing and take appropriate action to reduce the risk of losses.
AfiUnexpectedod problems are the result of poo

Taking the fAeasy waagetiogpests artlyliseasaslae ndar spr ay
i nappropriate times Ajust in caseodo will oft

been anticipated if allowance for side effects had been factored into the planning phase.

Good planning means that you do ntt haseify your plan because you have already
identified alternative tactics to employ.

A good plan is underpinned by a comprehensivéaptsettf records from the current

and previous seasons.

Which blocks?

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

you are riskverse start small!

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

uses many complementary tactics in a systems approlaah ratyiegton a single tactic of
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spraying pesticides the overall risk of failure is reduced. Implementing IPDM is like growing a new
variety or using a new-treimingystem golanting a new block with a new variety on a new training

system. Rarelould an orchardist plant an entire orchard to a new variety on a new training system
without having had some prior experience with the variety or training system, in which case they are not
entirely new. They would normally start with a relativebksmaihich they could develop their

knowledge, skill base, and expertise. Once they had gained confidence in the growing system and the
potential of the variety they would then decide if further investment is warranted. The same holds true
for IPDM. Bhne will be a transition phase during which you develop new knowledge, skills,
competencies, and confidence in the system. You may reduce the number of spray applications for
some pesticides but initially increase others, such as specific biotedikelquaithg: moth

granulosis virus, while the biodiversity in your orchard increases and the pest populations stabilise
bel ow economic threshold | evels. I't makes sen
other similar blocks inwhiclayoe usi ng your Atraditional 0 appro
comparison you at least need to monitor and record the pest and disease incidence in your comparison

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

Mast IPDM strategies work best on larger blocks or even across whole orchards and even regions.
Using a small block to start means that you do
expand your comfort zone without the risk anetdssoesa 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 pests asebdisto 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 haale caused financi
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 agemtmthbe present in your orchard or surrounding areas. If pests
have been present but havenot caused | osses, t
secondary pests that are being controlled either by your current spray prograhconbybiologic

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

agents.

Pest lists and status iy ¥rom block to block, orchard to orchard, and different regions. Block

differences are probably due to variety and microclimate differences. Orchard differences may be due to



historic pest management and climatic differences. Regional difféeendes srelohatic

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 Ilike (particularly early,
1 Wha 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 the pta

The plan should be in wyibthgrwise it is a dream that could turn into a nightmare. The written plan
should also be simple more sophisticated the plan beconessftaribilityou haveo adapt

to changed circumstances and meet theesbgddhe plan. The first stage of planning is to

understand the current situatidtletermine where you want to be and why. It is important to clearly
define the problem before you seek the solution. It is also critical at this stage to not limit your thoughts
to what can be achieved with your current resources. Once you diegrlpliefinddcus on

defining the solution. This becomes your objective and your mission is to achieve that objective. To
perform your mission you need strategies and the tactics to be deployed for those strategies to work.
You are correct if this soungisutdike a battle plan. A simple format for your plan is a variation on the

SMEACS briefing format used by emergency management agencies.
9 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 & Logistic&lentification of administrative and logistical support

arrangements

T Command & Communicatiokgho is responsible for what, and the communication

channels.
1 Safetyidentification of potential risks and hazards

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

Situation:

Codling moth, black spdtleytntbrown apple moth (LBAM) are under control. Mating disruption is

used for codling moth control but no trapping is used to monitor codling moth populations. Carbaryl
used as a thinner has apparently controlled LBAM, looper, and HeliothisTHiBomwverpa)

predators for tspotted mite are underway. Aim is to try to minimise use of pesticides. The case study
block is fully netted using 16mm mesh. Transform has been used against apple dimpling bug (ADB) and
wooly apple aphid (WAA). Transforbe maysing mite issues and may also have impacted on

Aphelinus malopulations.
Mission:

To capitalise on the low pest and disease populations and attempt to further reduce pesticide use while

maintaining effective control and confidence in the appgdakbrb
Execution:

Establish codling moth and LBAM traps to determine population levels and monitor trends
Monitor weather trends, especially movement of fronts from the channel country in QId, as
indicators of potential ADB incursions duringtpifididaldom

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

1 Monitor budworm and loopertyadtorn pink bud through to 2 weeks after petal fall. Initially
look for budworm adults around lights as an indicator, and check flowers for presence of eggs.

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:

9 Fred and agronomist to organise experimental plots, traps, record sheets
9 Agriculture Victoria to supply pest prediction program

1 Ask an expert facility in IPDM webaitieitmnal support and expertise



Communications:

Fred mobile Overall supervision

John mobile Spraying operations

Agronomist mobile Trial design, monitoring, chemical advice

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

1 Experiments can be strebsituho useful results will occur unless the participants maintain
their nerve. Stress can be reduced by setting realistic targets that stretch comfort zones
without creating major financial risks

1 Use of prediction models based on local data wilagyowvidieations of potential danger

periods

3¢



Apple and Pear IPDI\“ y

Chapter 3: Key pests and diseases, their activity
periods, and monitoring methods

IPDM Quick Facts

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

Codling mot@ydia pomonella

1

1 Queensland fruitBlgctrocera trypni

9 Lightbrown apple mBffiphyas postvittana
1

Apple dimpling b@ampylomma liebknemtihe mainladiastama punctaticatlis

Tasmania),

=

Apple scaWenturia inequadis apples,

Pear scalWenturia pirirend blossom bl&#steudomonas syringaesyringaen pears.
In Western Australia the key pests and diseases are:

Mediterranean fruiCiratitis capitata
Western fruit m&hpiphyas pulla
Lightbrown apple moth,

Pear scab,

=2 =4 =4 4 =2

Powdery mildé®odosphaera 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 hatreity periods closdilyreed to susceptible life

stages of the host plant.

Some native insects that did not evolve with apples or pears have become kgy pests

broadening their host range.

Secondary pest outbreaks arise as-tamget impacts from treating key pests with gdstc

that also kill predators and parasitoids that were keeping the secondary pests under control.



Fungicides are generally not directly toxic to invertebrate biocontrol lagfemtsy have

sublethal fecundity effects and may also impact on benéiitied faiigoeneath the trees.

Some minor problems may increase temporarily in importance while populations of biocontrol

agentsrecovand fnecol ogi cal bal anced is restored.
There are many nguesticidal options to manage these minor problems.

Monitonng the populations of pests, diseases, weeds, and beneficial orgaribnas
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 angime consumi

Standardised monitoring and record keepllayvs 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 pestsid diseases that directly attack the crop (fruit) and require 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 orkexporhmaontrol measures applied

against these 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 dagatanpsors,

such as killingplogical agents that otherwise are controlling other pests, 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 stadimmgrmotBydia pomonel@ueensland fruit
flyBactrocera tryphghtbrown apple nigpiphyas postvittaapple dimpling b@guhpylomma
liebknechtin the mainlardiastama punctaticali$asmania), apple s¢ahturia inequais

apples, peacabVenturia pirimad blossom bl&geudomonas syringasyringaen pears. In
Western Australia the key pests and diseases are MediterraGeaatitinit fpitai&estern fruit
mothEpiphyas pulleghtbrown apple moth, pear scab, and powdeBodhilsighvaera leucotricha.
Apple scab is an emerging problem in Western Australia and Alternaria (several species) is an

emerging problem in Queensland, New South Wales, and Western Australia.

Pesticidesurrently used against the fruit flies and moth species listed above are more specific in their
action than the organophosphates and carbamates used in the past but most still have either direct
toxicity or sublethal effects, such as causing redutiq fe@urange of biological control agents

that would otherwise be active in the orchards. Fungicides 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 Camtéurther details.

As options for managing key pests 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 b al an c e ¢pesticldal opgospsttanmaeade. thedeimmare ar e ma

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 igdant. For example, codling moth overwinters as diapausing (hibernating) larvae in
cocoons 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 tlasraeoiergeths ready to mate and

lay eggs on the newly developing fruit. European Red Mites that feed 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 te tbthanged weather conditions and start to hatch and the nymphs move to the newly
unfolding leaves where they feed. In both examples the pest responds to climatic cues in similar ways tc
the host tree. The timing of those cues varies between fregigreysgthe following activity

charts only show the host tree growth stage rather than the dates or months at which they occur.
Different apple varieties have their own climatic triggers governing their growth stages and some flower
later than othersdathe fruit on some mature earlier than others. The same holds for pears. Key pests
that evolved with the hosts hdotelirsafety measures that ensure that their populations emerge over

a broad time period to ensure that at least some will ahedysstinda suitable stage for the pest

to complete its life cycle. Some key pests such as lightbrown 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 hostd.BAM/WFM utilise alternative hosts when the apple and pear trees are dormant, so

LBAM/WFM activity periods are not so well tuned to the apple and pear trees.

Activity periods for key apple peatsl diseases

Key Pest/ | Dormant | Greentip | Pinkbud | Blossom

Disease

Fruiting After
Harvest

Apple
dimpling bug

Apple scab

LBAM/WFM

Budworm

QFly

Medfly

Alternaria

P.mildew

Colour code

Monitor alternative hos

Often symptomless Orchard hygiene to reduce inoculum




Activity periods for key pear peatsd diseases:

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

Disease Harvest

Pear scab

Codling mot|

LBAM/WFM

Budworm

___ [

QFly

Medfly

Blossom
blast

Colour code
Monitor alternative hos Active Hibernating
Often symptomless Orchard hygiene to reduce inoculu

More detail is provided in the sections for each pest or disease.



Pest and Disease Monitoring methods for apple andrpkards

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 theggiidelines 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. They

have been include@tow 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 establiskedteuitthifig trees at wider spacings. In the
following text the term fitreedo is interchangea
is not easy to move around each individual tree and a single side of a typical 10is panel of trellis

roughly equivalent to the circumference sfanflizg tree planted abm4pacing 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 indgperadient!for differences in wliorate,
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 sedscatrandom 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 loeing selected an
ensures that over time a representative sample of the entire bleisleisdal@a.trees selected

randomly each time is sufficient if you monitor each. lWwaegkmportant to remember that these

trees are samples and that, as you walk fronptsaasano 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 on ttreessalé&ted 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:

91 20 flower clusters (4 clusters x 5 locations on the tree) per tree.

44



1
T
|l

1I-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 andftloé@ défections are only conductedamigary, late

February or early March, and in the week before harvest.

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

T

= = =1

Place a whitedllitre plastic container, similar to@eare containenderneath a shoot

with at least 4 flower clusters immediately above the container.
Tap the clusters from above with yourhtimés8 in quick succession.
Count and record the number of bugs caught in the container.

Do this in five different locadbiorsmch of the sample trees.

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

preferable to do this sampling in the morning.

Thrips will also be dislodged into the container using this technique, sanalsomiodk 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 betmleengpiples, 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 fruiatares. Feeding and-Eygng 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 ds heddieadsides, and flowering
ornamentals in gardens can be checked but you need to be able to distinguish ADB from

psyllids on wattles.



1-minute inspection/tree

As you speraheminutavalking around a tree, or along a panel of trellised trees, count and record the
number of Budworm (Heliothis), Looper, Pear Slug, Lightbrown Apple Moth (LBAM) larvae, weevils, and
mealybugs you see. During the same inspection look for:

1 presence of diseassuch as Scab, Powdery Mildew, and Alternaria on leaves and Fruit and
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= trace infestation (<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 indicatethmtasgised Woolly Apple Aphid colonies.
10 leaves/tree

This technique 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 peist ttmit orchard 10 leaves can be randomly
selected from aboutIL&m above ground from the inner canopy.
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9 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, astidetéitially be sampled from the

outer parts of the canopy.

1 If TSM and ERM/Bryobia are preseri¢hé sdimple should include leaves from both the

inner and outer canopy.

1 There is no need to count the number of mites or eggs per leaésarsiaiplespnce for

each leaf is sufficient.

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

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

1 The most important considerationtise number of mites per leaf, because the level of

damage depends more on the % of infested leaves and how long they have been infested.

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

used to score mites.
100 randmly inspected fruit/tree

1 Randomly select 100 fruit, starting near the top of the canopy and working downwards.

1 For frestanding trees inspect 25 fruit from each of 4 sides of the tree.
1 For trellised trees inspect 25 fruit from each of 4 trepandthin a
1 The fruit do not need to be picked but should be carefully inspected without excessive lifting or

twisting that would dislodge the fruit.

1 Simply record presence or absence of the target damage for each fruit and then calculate the

% damage attribd to each pest or disease.

9 Fruit damage assessments should be conductéanonanidafter natural fruit drop), one
week before harvest of early varieties harvested in February or in-Eaey-slandry

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

1 Codling moth damaged fruit detected in these samples can be removed from the tree and

carefully cut open to collect the larvae if they are still present.

1 The age of the larva can be determined by measuringatite rwitttig, the colour (black or
brown), of the head capsule to identify the larval instar.

1 Once the instar is determined, reference to a development chart (see table below) will indicate

how many degrdays ago the larva hatched from the egg.



1

Degrealays (DD) are insect growth units which can be approximated by subtracting the lower
developmental threshold (the temperature below which the insect stop€dmwing = 10
codling moth) from the average temperature (maximum + minimum temper&jure divided by

for the day and adding the results for each day.

Codling moth larval| Approx. head widtfi  Head capsule | DD from egg hatcl
Instar (mm) colour
[ 0.3 Black 0-88
I 0.5 Brown 84151
" 0.8 Brown 125216
\Y, 1.25 Black 205363
Y 1.6 Brown 248452
1 Knowing the approximate age of the caterpillar allows you to identify when 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 failae pnapeasp(e.g.
missed spray, poor choice of chemical, or possible resistance).
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 indenspApuide variety of traps, lures and

deployment protocols exist.

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.
Many beetles prodiaggregation pheromones that attract both sexes.

Sometimes the capture of insects in pheromone traps is enhanced by using a combination of

pheromone and host plant volatile chemicals.

It is important to know what lure or combination of lureseid beaause some only

attract males, others attract only females and some combinations attract both sexes.

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

consideration.

There are several designs fa. trap
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1 Pheromone traps for codling moth, oriental fruit moth, and lightbrown apple moth are usually
either delta traps or wing traps, whereas trapstfappiagf Carpophilus beetles are

funnel traps and there are several trap designs for fruit flies.

1 The design of the traps influences the shape of the pheromone plume emanating from the trap,
affects the behaviour of the insect approaching the trap and its ability to enter and be retained
by the trap.

1 The number of insects captured per trap perofterlused as an action threshold.to

initiate spraying. An alternative may be the cumulative number of insects trapped.

1 Care must be taken when using thresholds developed fréumeooentaipation as a
threshold for a different combination dreessame lure in a different trap design.

1 Trap placement within the canopy, trapping density (number of traps per hectare), and layout
of trapping grids also affect the number of insects captured in individual traps, so thresholds
developed for traps Hedként heights or densities or grid layouts should be avoided unless

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 modelkgthat forecast

to expect critical life stages will begin. Moth capture in traps can 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. Tekehen selecting models developed in other countries

because the 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: Bsecurity and potential incursions of
new pests

IPDM quick 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 cadibrupted by incursions of new pests and diseases and poor choice

of pesticides in response to the incursions.

9 Attempts to eradicate or contain an incursion often involve use of pesticides that may be new
to the orchard, or even Australia, and coultidndenen detrimental effects on biological

control agents.

1 The risks to IPM programs can be addressed by implementing biosecurity measures that
reduce the risk of incursions occurring and improving the chances of detecting an incursion in
its early stages.

T The ALook. Be Alert. Call an Expertd progra

simple biosecurity measures for adoption by growers.
1 Unusual observations should be reported to the Plant Pest Hotline 1800 084 881.

9 Orchard pest monitoring scouts should be made aware of the priority pests and diseases listed
in this chapter and the Apple and Pear industry Biosecurity Plan, and strongly encouraged to
collect and report any suspect new pests or diseases to eapgtsdentification. See

www.planthealthaustralia.com.au/biosecurity/menesi@ment/plantpfanfurther

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

Background

The sustained gram of pest and disease management research and development supported by the
Australian apple and pear industry generated a better understanding of the interactions occurring in the
orchard and how they impact on crop quality and productiviegrahie tseittér adoption of IPDM

because past research often focussed on integrating biological control of an individual pest species into
the pesticidgominated program for controlling the broader pest and disease complexes attacking

crops. There is nawuite of biological, agronomic, and eagigort tools available to help

growers deal with the interactive biological web of pests, diseases, weeds, and biological control agents
existing in their orchards. This biological web could be danpagsadyemsired to deal with an

incursion of a new pest or disease. The most likely responses involve efforts to contain and eliminate
the new pest, disease or weed. These initial efforts often include quarantining infested properties,
destruction of hostes, and spraying pesticides to kill the invader. If the invader is new to Australia

there will be no chemicals registered to control it, but some of the registered products used against
other pests may be known to kill it in other countries antsedwldder emergenciabitl

permits in Australia. The change in pesticide usage pattern or choice of pesticide may cause major
disruption to current IPDM programs. The same may happen if the invader comes from another region
of Australia. Either wiag,ibtroduction of new pests, diseases, or weeds has potential to affect fruit

production, domestic and export market access, and impact on orchard finances and the environment.

The ability to detect new pests, weeds and diseases in Australidds éapresponse to

incursions that threaten food security, economic viability, and trade. Some important exotic pests, such
as brown marmorated stiniHailygpmorpha halge not rely on transport of host material but instead

may be transported inghgpcontainers full of machinery parts. Active surveillance programs are

conducted using protocols agreed between governments and usually with industry support.

Apple and Pear Australia Ltd (APAL) represents the apple and pear industry as @ member of Plan
Health Australia (PHA), an organisation established to work with industry and government in
coordination, development and implementation of plant health policies and management programs that
i mprove Australiabs r es pdiseases. Biosecwity planning ak s of n
through PHA helps industry and government identify potential pest and disease threats to the fruit
industry, develop risk assessments to prioritise action, and protocols to reduce the probability of the

pests and diseaseaching and establishing in Australia.

Increased volumes of imported goods, traveller numbers, and climate change are putting pressure on
traditional surveillance programs for detecting incursions. Advances in technology, and constraints on
government spéing, have generated opportunities to expand the range of sources accessible in a

more flexible 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 martagditly dheollected data is important

and the use, or misuse, of social media in distributing false information either deliberately or innocently
through misidentification must be addressed in any citizen science approach to ensure quality of data.
PHAuns a biosecurity awareness program 6Look. B
awareness of simple biosecurity measures and the importance of early notification of unusual
observations to the Plant Pest Hotline (1800 084 881) so thatimdeasitemdified and quickly

addressed.

The Emergency Plant Pest Response Deed (EPPRD) is a legal document binding PHA, the Australian
Government, all state and territory governments and national plant industry bodies with respect to
management of respes to emergency plant pest incidents. PLANTPLAN is the technical response
plan that supports EPPRD and is regularly updated to ensure best practice in emergency plant pest
responses. Individual industry biosecurity planning covers industry adhpashapeni risk

mitigation activities and contingency plansn$e&nthealthaustralia.com.au/biosecurityfincursion

management/plantpfanfurtheinformation.

Onfarm monitoring of existing pests, diseases and weeds can be used for general biosecurity
surveillance data purposes if the people doing the monitoring are curious enough to seek identification
of organisms outside the list requirednfiat monitoring duties. This chapter provides information on
exotic pests and diseases listed as priorities in industry biosecurity plans. Orchard pest monitoring
scouts should be made aware of these priority pests and diseases and stronglgatiecouraged to

any unusual specimens for identification by experts.


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

The current Apple and Pear priority pests and diseases are:

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

roller roller
Apple maggot Brown marmorated Oblique banded leaf Pear psyllid

stink bug roller
Apple proliferation Cedar apple rust Omnivorous leaf rolle 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 rovfomgog fructicthat 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 Africa and parts of South America.
Appearance

9 Infected fruit (apples and pears) develop spreading fpotsrthat create rotting areas
that are normally surrounded by small, raisexarhigpots (conidial pustules) often in
concentric circles.
Entire fruit can be rotten and covered in pustules and then becomes mummified.
The mummies tend to stayeotrél but sometimes rotten fruit falls to the ground before it
has mummified.

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

1 Healthy fruit canib&cted with spores near harvest and decay during storage and marketing.
Spread

The pathogen can be spread with infected plant material, fruit to fruit contact within the tree, and spores

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

9 Othebrown rots present in Australia

91 Blighted twigs look superficially like those cissaibynonas syringaegears
If in doubtall thé=xotic Plant Pest Hotline 1800 084@diseek expert diagnostic advice
Further information

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

One

of North Americads most serious fruit flie

a range of stone fruits. It is nativeooth-eastern USA and southern Canada but has spread

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

distribution in Mexico.

Appearance

!l

Adult flies have distinctive zig zag black bands on clear wings, a black abdomen with light
crosshands (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 to Qfly and Medfly.

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 about a wesslhefpreduly to

mate.

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

Larvae infesting fruit grow up to 10mm long before the fruit drops to the ground where the
larvae leavthe fruit and burrowl836mm into the ground, moult and then quickly moult

again to form a pupa that usually enters diapause that allows it to overwinter.

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



The apple maggot can be distinguished by the zigzag pattern on
the wings and the pronounced white spot on its back

Spread

1 Newly emergedxselly immature flies disperse throughout the orchard and surrounding
vegetation seeking the honeydew they need to become mature enough to mate.

9 Like other fruit flies it is spread long distances by transport of infested fruit containing eggs and
larvae.

9 Pupae can be transferred in contaminated soil.
Could be confused with

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

91 Larvae are look like other fruit fly maggots and require specialist examination to confirm their
identity or have torbared 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).

9 Adult flies can be distinguished from other small flies by the combinatemdsfaig zag b
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 in Australia.
If in doubtal theExotic Plant Pest Hotline 1800 084@diseek expert diagnostic advice
Further information

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

This disease caused by aoptagma 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 produce large stipties dases.

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

Premature development of axillary buds prod

by proliferation of secondary shoots on top of main shoots in summer.

=

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

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

Root systems compact.

Autumn leaves develop early and may have lilac oeguqitsin.

Severe infections kill trees.
Spread

Leafhoppers are suspected as vectors

Phytoplasma can be spread between trees by grafting
Control

Use resistant rootstocks.

Use clean plant material for grafting.

=A =4 =4 =4 4 =

Check trees regularly and raposual 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 phytoplasmas. Itedntipeneéat to have unusual symptoms

checked by a specialist plant disease diagnostician to identify the cause.
If in doubtall thé=xotic Plant Pest Hotline 1800 084af@1seek expert diagnostic advice
Further information

See the PHA websitew.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 often
leadinga death of the host plant. As the name suggests it originated in Asia and 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 greytisbwn wings
that have darker wavy lines. Fe
moths are larger than males, wit
wingspan of 4Wmm and white

wings that have grey markings.

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

1 Eggs are laid in large8@hm x . =

1020mm yellowr tan fuzz covered™
egg masses on tree trunks, rocks,
outdoor furniture, machinery,

buildings and other solid objects

. $ & .?. g . >
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 whe
mature have a distinctive double
row of % pairs of blwpots on the
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

9 Adults are strong fliers that may travel up to 40km before mating.

f Young | arvae can disperse sever al kil ometre
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 gge motl®rgyia anartoidasd painted pine mOtigyia austradise 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. Theiryasuada@re 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 thé=xotic PlanPest Hotline 1800 084 &ad 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 Ryasis pgdfioléand European pear
Pyrus commurigused by the bacteritmvinia pyrifolig&evere losses in production in Korean

pear orchards have been reported.
Appearance

1 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.

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

Fireblight causedHryinia amylovora
Morphological, biochenaicdlmolecular characteristics can be used by experts to distinguish
betweelk. pyrifolisa@ndE. Amylovora
1 E. pyrifoligeas a narrower host range (Nashi and European jeaniianofpome
fruit and ornamentals).

1 Blossom blast on pears causBddaydomonas syringasyringae
If in doubtall thé=xotic Plant Pest Hotline 1800 084t lseek 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 spedi#enopseustis obliqguandC. heranaithin the brovimeaded leafroller

complex that are indistinguisimajgpearance 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 drearnZeatalsd 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 mothd3mm long. Females have a wings@8@ma0and male wingspar-is 17
24mm. Both sexes have walnut-imemmmish grey forewings with darker markings forming
variable patterns, and pale brown mottled hindwings.

1 The forewings are sometimettveonith females having a dark oblique mark halfway down
the edge of each forgwMales 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 toelfif$ in a smooth egg mass.

1 Early instar 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 febdlteys that cause the leaf surfaces to roll together,
or two leaves are webbed together.

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

1 Later instar larvae migrate from settlementsiteai@new 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 grenrheaded leaf rollePdanotortrspp.).
Spread

1 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

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

found in association withMLBA
If in doubtall thé=xotic Plant Pest Hotline 1800 084@dlseek expert diagnostic advice
Further information

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

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

numbers in hees and other buildings.
Appearance

1 Brown marmorated stink bug (BMSB) aduls/anenll@ng mottieown coloured, shield
shaped stink bugs with distinctive black and white banding around the outer edge the
abdomen. They attack at least 300 plantispkaiasy 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 laid480clusters of 25
eggs on the undees 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 first instar nymphs to mottled brown fifth instar nymphs thiatr look 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 distanicis $peditated by khidting 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 most likely to be in shiprarriving in Australia during the northern hemisphere

late autummvinter period which coincides withgpringer in Australia.
Could be confused with

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

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



Steven Valley, Oregon Departrment of Agriculure, Sugwood.og

Nymph

Stevern Valey, Oregun Department of Agriulueeg, Bugwood og

} e i ‘
Eggs and nymphs
Dod R Larcs, USDA APHIS PRQ, Bugwooad ovg

If in doubtall thé=xotic Plant Pest Hotline 1800 084a@@1seek expert diagnostic advice

Further informatiarBee the PHA websitew.planthealthaustralia.com.au
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Cedar apple russymnosporangium junip@irginianae

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 thimgénuwost,
virginianécommonly called red cedar, eastern red cedar, pencil cedar, aromatic cedar, and Virginia
juniper) is not a true cedar but is a member of the Cyptagwéssalgeae. 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 redzwgdperus virginiaorawhich it causes galls called
cedar apples on twigs and branches.

1 The galls produce fidder 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 smailgetjevlesions on the upper surface of
leaves and petioles.

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

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

brown and crack as the fruit enlarges.

Initial symptoms include bright yellow-orange lesions on leaves



4 » AN
Rust lesions develop on both leaves and fruit

Spread

1 Transport of appgaves and fruit can spread the fungus.

I The most common means of spread is movement dliimiferegivirginianaterial.
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 yetmawn tufts or spore producing pustules distinguish Cedar apple rust.

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

See the PHA websitew.planthealthaustralia.com.au
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European canké&teonectria ditissim@ynN.galligena

The causal agent of European canker was previousiNaubuwengadligebat the taxonomy was

revised tbleonectria galligend 999 and thBieonectria ditissim&006. This fungal disease was

eradicated from Tasmania by 1991 and Austr&idlysfoerof 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 |l osses of up to 80% of susceptibl
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 susttef@isleGranny Smith is moderately

resistant.
Appearance

1 First symptoms are reddish brown lesions around leaf scars, spurs, or pruning wounds on
small branches in late sgramty summer (Fig. 1).
The lesions elongate to form cankers with congshigjeedncracks.
Shoot dieback, wilting and leaf drop can occur in spring.
Eye rot (Nectria rot) symptoms on fruit rarely devetepstreisually developing in post
harvest storage in all parts of the fruit. Skin becomes dark brown olesttieabtted 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 dearlep post

1 The disease is most noticeable as dead twigs and spurs that stand out when the tree is in 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 casue(Fig. 3).



(@) (b)

Figure 1. Young canker on apple tree (a) cv,Royal Gala (b) cv Braeburn (photographer: J.Edwards)

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

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