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About this manual 

This second edition of the manual revises the Australian apple and pear IPM strategy developed in 

2007-08. Development of the original strategy involved collaboration between Australian apple and pear 

growers, researchers and extension specialists to create a strategy that gave practical pest 

management options instead of ówarm fuzzyô philosophy. 

Australian pome fruit is grown in a range of climatic zones which means that the pest problems 

experienced by orchards in our regions are diverse.  This revised edition of the manual includes 

updated pest management knowledge, an increased emphasis on cultural and biological control options 

that help reduce reliance on pesticides and help to slow development of resistance in pests, diseases 

and weeds to chemical treatments. Readers will also notice that the manual is now called an IPDM 

manual to recognise the advances in integrating disease management. The new manual is being 

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

and consultants, and extension officers.  

Many markets require growers to demonstrate that they are growing their crops in ways that are safe to 

the environment, consumers, farm workers and the general community.   Any claims by growers are 

expected to stand up to the scrutiny of an audit.   This means that growers need to document what they do 

and why they do it, which is why Australian growers have adopted Quality Assurance (QA) systems that 

identify, document, and control food safety issues. QA systems require justification of pest management 

decisions to be based on the results of monitoring pest populations.  This is integral to IPM but in the past 

IPM often focussed on integrating biological control of an individual pest species into the pesticide-

dominated program for controlling the broader pest complexes attacking crops. An example is integrated 

mite control in which predator mites resistant to the broad-spectrum pesticides used against codling moth 

were introduced to control spider mite outbreaks caused by those same pesticides killing other non-target 

species that had previously exerted control over the pest mites. The Australian apple and pear industry 

supports a sustained program of pest management research and development that generates a better 

understanding of the interactions occurring in the orchard and how they impact on crop quality and 

productivity. Growers now have a suite of biological, agronomic, and decision-support tools available to 

help them deal with the interactive biological web of pests, diseases, weeds, and biological control agents 

that influence their economic and ecological sustainability. Many of these 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/ozapplepearipdm  and on facebook OzApplePearIPDM. 

 

http://www.extensionaus.com.au/ozapplepearipdm
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Apple and Pear IPDM  

Chapter 1: Introduction to IPDM  

IPDM quick facts 

¶ Orchardists are in the business of growing quality fruit and not timber 

¶ Pests, diseases and weeds are not problems until they start to cause economic losses 

¶ Biocontrol agents are good long-term investments 

¶ Soil biodiversity is important for plant health and nutrition, and supporting biocontrol agents 

¶ Improving biosecurity is more cost-effective than attempting to eradicate all pests and diseases 

¶ Cultural practices are effective preventative measures 

¶ Pesticides have a role in IPDM strategies but must be chosen with care and only used when 

really needed 

¶ Conservation agriculture relies on minimal mechanical soil disturbance, at least 30% 

permanent soil organic cover, and species diversification to improve soil health and habitat for 

biocontrol agents 

¶ Regenerative agriculture is an evolution of conservation agriculture 

¶ Functional diversity recognises that species can each perform more than one role in an 

ecosystem 

¶ Conservation biocontrol is provision of habitat to support biocontrol agents 

¶ Use of IPDM is a personal choice 

¶ IPDM involves identification of objectives and implementing planned strategies, tactics, 

monitoring and evaluation 
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What is IPDM? 

IPDM is integrated pest and disease management.  It is defined by the Food and Agriculture 

Organisation (FAO) as meaning ñthe careful consideration of all available pest control techniques and 

subsequent integration of appropriate measures that discourage the development of pest populations 

and keep pesticides and other interventions to levels that are economically justified and reduce or 

minimize risks to human health and the environment. (IPDM) emphasizes the growth of a healthy crop 

with the least possible disruption to agro-ecosystems and encourages natural pest control 

mechanisms.ò In short IPDM involves evaluating your pest problems and then developing a systems 

approach to manage the problems in a crop production context.  It may initially appear complicated 

because consideration must be given to impact on the entire block and side effects on biocontrol agents 

working ñbehind the scenesò preventing other pests from becoming problems.  Generally, a well-run 

IPDM program will result in reduced usage of synthetic pesticides although in some cases they may be 

substituted by bio-pesticides.  This is a natural consequence of considering the entire range of control 

options available, starting with orchard hygiene and other cultural aspects such as pest or disease 

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

systems (pheromones), and use of appropriate pesticides when required.   

Although IPDM systems generally have a common theme behind the way they run, even within a single 

crop system such as apples or pears the details depend on the geographical area in which the crop is 

located. Apple and pear IPDM systems developed in Germany, North America, or even New Zealand 

will be dealing with pest complexes and host-pest-predator-climate interactions that are different to 

those in Australia and therefore cannot be adopted ñoff the shelfò without modification. Different growing 

regions in Australia also have differences in pest complexes and climate that need to be considered as 

part of the challenge in developing a national IPDM system. The decision 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 strategies rather than prescriptive recipes.  

Orchardists using IPDM choose management options from within a strategic plan that recognises that: 

¶ The orchardist is in the business of growing high-quality fruit 

¶ Presence of pests and diseases is natural and does not present a problem until they start to 

create economic losses 

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

outbreak, then thatôs a cost associated with putting on the initial pesticide application. 
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¶ Some biocontrol agents will persist for a long time in the orchard after being released (often 

depending on what chemical are subsequently used) and so may provide benefits throughout 

the season and in years to come, resulting in the cost being spread across seasons 

¶ 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 

doesnôt use hard chemicals can outweigh the costs.  

¶ Soil biodiversity is an important indicator of soil health. 

¶ Weeds are plants that are growing where they are not wanted. Weeds take advantage of bare 

soil and bacterially dominated soil microbiota. Plants that compete with crop plants for water 

and nutrients without providing off-set benefits to the crop plants are weeds. However, many 

ñweedsò stimulate nitrogen-fixing soil microbes, improve soil health, and/or provide nectar that 

sustains parasitoid wasps and other biocontrol agents that in turn reduce pest and disease 

pressure. 

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

establishment is feasible by improving farm biosecurity. 

¶ Cultural techniques, including crop hygiene, are preventative measures that limit initial pest 

and disease population size 

¶ Biological control agents are beneficial species that provide cost-effective pest and disease 

management but may require occasional help in extreme conditions 

¶ Pesticides have a place in the strategy but should be chosen using knowledge of their target 

range, how they impact beneficial species such as pollinators and biocontrol agents, their 

approval and MRLs in target markets, resistance management strategies and re-entry periods. 

Conservation agriculture promotes the use of no-tillage techniques that generate minimum soil 

disturbance, maintenance of a permanent organic soil cover, and plant species diversity to improve farm 

biodiversity and the ecosystem functions above and below ground that lead to greater water and 

nutrient use efficiency for improved sustainable crop production. There are three principles driving 

conservation agriculture: 

¶ Minimum mechanical soil disturbance achieved through direct seeding and fertilizer 

placement. Land preparation for seeding in this approach involves slashing, rolling, or spraying 

existing weeds and crop residue to create a mulch layer and direct seeding through the mulch 

to maintain soil cover. In modern moderate-high density perennial tree crops soil beneath the 

trees is usually maintained weed-free by spraying so that the tree roots are not disturbed. 
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¶ Permanent soil organic cover of at least 30% maintained with cover crops or crop residues. 

Cover crops are used to improve soil fertility between crops and in annual cropping systems 

their growth is interrupted before they compete with the commercial crop. In perennial 

deciduous tree crops such as pome fruit a common practice is to maintain a grass/clover inter-

row sward and a narrow weed free tree-line that is mulched by use of a side-discharge mower 

to maintain the inter-row at a low height. The inter-row provides about 55% soil organic cover 

and the mulched area completes the coverage. If a side discharge mower is not used to 

provide mulch the ñweedsò growing in the tree-line can be sprayed with a dessicant type 

herbicide that leaves standing plant residue to provide soil cover. 

¶ Species diversification achieved through crop rotations involving at least three different crop 

types is not feasible in a perennial tree orchard unless the inter-row is used for ñcropò rotations. 

An alternative way to improve species diversification is to plant a mixed species inter-row using 

a range of perennial and/or annual plants that withstand mowing and traffic. Such a sward 

could be designed to improve soil health and also provide habitat and alternative food sources 

for beneficial predatory and parasitic biocontrol agents useful for pest management.  

Regenerative agriculture is both a new name for an old philosophy and an evolution of conservation 

agriculture whereby many of the external inputs are replaced when natural systems are allowed to move 

toward greater complexity (biodiversity) in response to disturbance. It is occurring in tandem with 

development of systems approaches in science that acknowledge the traditional reductionist approach 

to problem solving takes too long to explain the complex adaptive interactions between species, 

substrates and disturbance within an agroecosystem. Biodiversity related to an agroecosystem can be 

crop-associated biodiversity consisting of the range of organisms above and below ground (such as 

pests, diseases, weeds, biological control agents, pollinators, and mycorrhizal fungi) that positively or 

negatively impact on agriculture. Planned biodiversity in an agroecosystem includes all the organisms, 

including crop species, introduced by the farmer. Unplanned biodiversity are all other organisms that 

exist in or colonise the agroecosystem.  

Functional diversity is a measure of the number of species and the number of different roles those 

species perform in the ecosystem. A single species can provide more than one role or function. 

Classical biocontrol and augmentative biocontrol both involve release of predators, parasitoids, or 

pathogens that attack crop pests. These biocontrol agents are usually imported specialists from the 

home range of the pest and in Australia must undergo intensive testing for host specificity before 

approval can be given to release them from quarantine. 

Conservation biocontrol is the practice of providing habitat to support populations of naturally 

occurring predators and parasitoids that attack crop pests. Conservation biocontrol supports the wide 

range of generalist native predators and parasitoids but also has potential to enhance survival and 
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performance of introduced specialist biocontrol agents released under classical and augmentative 

biocontrol programs. Practices that increase wildflower abundance and habitat structure are important 

components of conservation biocontrol. 

One of the many challenges facing Australian apple and pear growers in adopting regenerative 

agriculture approaches is that the crop, an introduced species, is by definition a disturbance in the 

ecosystem and triggers an adaptive response from the unplanned biodiversity. This happens at the 

same time that the introduced species may require supplements unless there is sufficient functional 

diversity in the soil biota to provide for its needs. The application of supplements may then have a 

negative impact on the native unplanned biodiversity and set off a treadmill effect.  

The goal of IPDM is to reduce pest populations while minimizing risk to the environment and beneficial 

species such as predators, parasitoids, pollinators, and earthworms. This can be achieved by 

integrating aspects of conservation agriculture, regenerative agriculture, and conservation biocontrol to 

improve functional diversity through increased biodiversity within the production system. 

Making the decision to use IPDM requires personal choices 

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

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

rates of return.  Bad and damaged fruit costs money in lost marketable yield but there are also 

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

value of the potential loss, the threshold damage levels are too low. The level of damage considered 

acceptable varies between orchardists and is context dependent.  Some want to produce óperfectô fruit 

and are willing to pay to do this while others will tolerate some damage.  IPDM involves making 

personal choices about what is an acceptable level of damage and what level of risk is acceptable.  

There are no firm rules and regulations. 

A well run IPDM program involves no reduction in pack-out.  However, during the first few seasons of 

transition while the system beds down and beneficial biodiversity establishes, inexperience means that 

some mistakes may happen.  The information in this manual provides a way of minimising that risk: 

Farm management practices 

Professional pest monitoring services are available for growers who: 

¶ Do not have staff trained in pest, disease and weed identification 

¶ Do not have time to conduct regular monitoring 

¶ Prefer to have independent monitoring conducted 

Many of the larger orchards employ their own trained agronomists to oversee farm operations. Staff 

conducting farm management activities such as mowing, pruning, thinning, irrigation, and harvesting 
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should be given basic instruction in identification of symptoms that trees or fruit may be infected. This 

forms the basis of situational awareness that allows orchard staff to detect unusual pests or damage 

that can be referred to the agronomist, crop consultant, or government agencies for identification as part 

of the orchard biosecurity program. The additional observers in the orchard provide a means of passive 

surveillance that may detect early signs of a problem that can then be addressed before it becomes a 

hotspot. 

Decisions on the need for pest management intervention, and which tools to use, depend on a range of 

factors: 

¶ The pest, disease or weed being targeted 

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

¶ Presence of biocontrol agents that could manage the problem before 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 

¶ Non-target effects of pesticides, including implications for IPDM 

¶ Presence of resistant pests, diseases or weeds 

¶ Cost of alternative products, including consideration of costs resulting from non-target impacts 

(such as additional chemical applications to control mite flare, or the cost of purchasing 

biological control agents to replace those killed by a pesticide application) 

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

adjuvants  

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

should be appropriately trained and accredited. 

Legislation 

All orchards must comply with relevant national, state and territory pest and disease control legislation. 

All pesticides supplied and sold in Australia must be registered by the Australian Pesticides and 

Veterinary Medicines Authority (APVMA). The control of use of pesticides is governed by State and 

Territory regulations. Label directions must be followed to ensure that maximum residue limits (MRLs) 

are not exceeded and that bees, other non-target organisms, the environment, and humans are not 

adversely affected. It is outside the scope of this manual to provide details of the State and Territory 

regulations, which may vary regarding definitions of ñoff-labelò uses, and it is the responsibility of 

individual businesses to ensure they are compliant with current regulations.  
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Market requirements 

Each market has detailed quality assurance requirements to ensure that food safety and other quality 

standards are met. Export markets, and some interstate markets, have additional phytosanitary 

(biosecurity) requirements that may stipulate particular monitoring standards and /or post-harvest 

disinfestation protocols. Export markets also vary in which pesticides can be used to produce the crop 

and the permitted MRLs. These change frequently and are outside the scope of this manual. 

Developing a strategy to transition to IPDM 

¶ Summarise the current situation, providing some historical context and how your current 

aspirations (long term objectives) will drive adoption of IPDM. 

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

not successful.  

¶ Identify one or more strategies to achieve the objective 

¶ Plan for potential changes in pest or disease pressure as you make changes in management 

or the climatic conditions change. 

¶ Seek knowledge on the positive and negative side-effects of changes that you intend to 

implement. 

¶ Document the tactics you will use within each strategy 

¶ Develop and implement a monitoring program to track performance of these tactics so that you 

can intervene with corrective actions (biological or chemical) to keep damage within acceptable 

levels. 

¶ Evaluate the impact of your tactics and strategies each season then record any subsequent 

changes and the reasons for those changes. 

¶ This is no different to the process (identifying risks, implementing appropriate risk mitigation 

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

The key to IPDM success is to monitor activities, keep good records of what has been done and the 

results of those actions.  Records should be used to analyse current strategies and to honestly evaluate 

whether the chosen tactics are the best options.  This allows constant refinement of the management 

strategy to cope with new threats. 
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Some IPDM terms defined 

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

manual.  Itôs important that you understand the following four terms and the relationship between them. 

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

orchard.  It involves: 

¶ Establishing and checking traps to capture mobile stages of pests (typically adults) or 

diseases (typically spores) to assess population levels and/or to generate data used in 

predictive models that forecast critical times in the pest or disease lifecycle. Keep records for 

each individual trap. 

¶ Checking trees for signs of infestation. It is preferable to select trees at random each time 

these checks are undertaken. Record results for each individual tree so that you get a feel for 

variability between trees rather than just responding to total or average infestation levels. A 

good practice is encouragement of situational awareness in staff who are regularly mowing, or 

conducting other activities in the orchard, so that they detect early signs of infestations or other 

problems. It is often tempting to monitor the same trees (indicator, static or sentinel trees) 

throughout the season but this is usually counterproductive since they are often in hotspots 

(particular trees prone to problems) and can lead to over-estimation of severity or lead to you 

missing development of infestations in other parts of the block. 

¶ Carefully checking weather forecasts for conditions such as temperatures, rainfall, leaf 

wetness and wind speed that are likely to favour pests or diseases or affect spray application. 

¶ Checking fruit damage at critical stages of pest and disease development and again at 

harvest to measure the success of your management efforts.  

¶ Maintaining database records of results from trapping, tree inspections, weather stations, 

data loggers, and fruit inspections. 

2. Sample unit is the precise item that is monitored.  For example: 

¶ If two-spotted mite is being monitored, the sample unit is a leaf 

¶ If Phytophthora is being monitored, the sample unit is the tree or soil at the base of the tree 

¶ If black spot is being monitored, the sample units are fruit and leaf. 

¶ An insect trap. 
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3.  Action threshold (or Economic Threshold) is the pest or disease level at which you may need to 

intervene to prevent economic damage from occurring. The economic injury level is reached when the 

value of damage caused by pest population equals the cost of control. Action thresholds include: 

¶ Pest numbers per sample unit reach a certain level (e.g. 10 mites/leaf, 5 moths/trap) 

¶ The proportion of infested sample units reaches a certain level (e.g. 80% leaves infested with 

mites) 

¶ An accumulation of either of the above over time (e.g. 5 moths/trap/week, or 500 cumulative 

leaf infested days for mites) 

¶ The weather is so favourable to a pest that it is almost certain that damage will follow (e.g. a 

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

Action thresholds are not ñmagic numbersò that must be reached exactly; they can be varied with 

experience, value of the crop, and ability to respond in time to avoid adverse outcomes. Because 

economic injury level varies due to a range of factors such as seasonal conditions, crop susceptibility, 

weather, rate of pest population increase, side effects of specific treatments, and 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 threshold that has enough margin of safety that the economic 

injury level is not exceeded. As the grower gains more experience and confidence in the approach the 

action threshold can be increased. 

4.  Appropriate action when the action threshold has been reached must: 

¶ Be effective over a relatively long period 

¶ Not cause secondary problems such as an outbreak of an otherwise minor pest, or, if a 

disruptive treatment must be applied, supplementary releases of biocontrol agents can be 

made to counteract the disruption 

5.  Cultural control methods manipulate the crop environment to: 

¶ Reduce susceptibility to pests by improving plant health or using varieties and rootstocks 

resistant to the pest 

¶ Make the environment unfavourable to pest population build up by opening the tree canopy to 

improve light penetration and air flow 

¶ Increasing soil health and orchard floor biodiversity 
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6.  Biological control is the suppression of pest damage through the action of natural enemies, which 

could be pathogens, predators, or parasitoids. Biological control can be achieved by: 

¶ Importation and establishment of specialised natural enemies from the region in which a 

pest originated. An example is Mastrus ridens, the parasitoid wasp natural enemy of codling 

moth imported into Australia and New Zealand from Kazakhstan via California and Argentina 

¶ Augmentation by localised releases of natural enemies purchased from commercial 

suppliers of biological control agents. 

¶ Conservation by modifying the crop environment to increase biodiversity that in turn 

enhances performance of natural enemies. 

7. Behaviour modification is the manipulation of pest communication systems to alter the behaviour of 

the pest in ways that reduce its population by reducing either its ability to mate or lay eggs on the host. 

This can be achieved through use of: 

¶ Pheromones used to attract insects to traps 

¶ Pheromone-mediated mating disruption by reducing the ability to find mates and thereby 

delay mating and oviposition resulting in lower pest populations 

¶ Combination of pheromones and host plant volatiles to improve sensitivity of monitoring 

traps and mass-trapping of both sexes 

¶ Herbivore-induced plant volatiles, released by plants attacked by pests, to attract natural 

enemies of the pests 
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Apple and Pear IPDM 

Chapter 2: Developing an IPDM Plan 

IPDM Quick Facts 

IPDM starts well before problems are observed. A well-developed IPDM plan involves 4 major steps: 

1. Prevention by strategic planning to avoid problems 

o Identify short, medium and long-term objectives 

o Develop strategies to achieve the objectives 

o Determine resources required to undertake the strategies 

o Identify suitable tactics to employ to allow flexible delivery of the strategies 

o Identify milestones needed to track performance of tactics 

o Identify criteria to confirm achievement of milestones 

o Document a work plan 

2. Preparation to counter adverse conditions 

o Identify existing issues 

o Identify and evaluate potential solutions to existing issues 

o Consider possible side effects that could generate new issues 

o Identify and evaluate potential solutions to the possible new issues 

o Include the solutions you have identified into your strategic plan as tactics 

3. Planting healthy quality trees into well prepared sites 

o Determine the health and quality parameters you want 

o Specify those parameters in your contract with the nursery 

o Reject trees that do not meet your specifications 

o Planting substandard trees costs you in lost productivity 

4. Pest, disease and weed management planning 

o Assess previous season damage 
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o Develop an Action Plan 

o Identify suitable thresholds for interventions 

o Identify suitable interventions based on your thresholds 

o Plan monitoring program 

o Plan damage assessments 

o Establish a monitoring database 

o Train staff or contract a pest management scout 

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

Plan strategically 

¶ Establishing new blocks 

o Identify constraints to productivity related to the proposed site.  

o Identify proposed tree training method 

o Review history of pests, diseases, weeds and climate 

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

and your business plan 

o Contract a reputable nursery to provide healthy, certified pathogen-tested trees 

to your specifications. 

¶ Site preparation 

o Existing blocks 

o Assess damage levels from previous season 

o Identify pest, disease, and weed hotspots 

o Identify corrective measures 

o General maintenance 

Á Pruning and tree training 

Á Irrigation system 

Á Machinery service, replacement and calibration 

 

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

Start planning before the old orchard is removed. This gives you time to: 

¶ Identify and correct any drainage problems and soil nutrition. 

¶ Order the correct variety and rootstock combinations from nurseries. 

¶ Order trellising and irrigation systems. 

¶ Plan labour requirements. 

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

fertiliser incorporation and planting. 
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Check local advice. All production areas vary in their soil type, micro-climate, 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 photograph). Using a map or photograph allows you 

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 irrigation systems. 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 biology. These tests identify if you 

need to add nutrients or improve the soil.  Subsoils should be tested for acidity and sodicity in areas 

prone to such problems.  It is essential that these are known before there is any soil disturbance so that 

correct measures can be applied at the right time and in the most appropriate way. 

Check the site for specific apple replant syndrome, other soil borne problems and nematodes. 

Bioassay tests of soils show how much affect the unamended soil will have on the growth of young 

trees.  

¶ In some soils it may be necessary to test for specific soil-borne problems that will affect the soil 

treatments e.g. White Root Rot (Rosellinia necatrix) in Queensland, Phytophthora and 

Armillaria. 

¶ Nematodes can severely affect tree growth. A nematode test is highly recommended for light 

soils. 

¶ 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 the site. It is extremely important that if soil 

amendments (and phosphorous 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 dolomite in soils with high magnesium levels.  Use 

calcium carbonate lime if acidity is an issue. Be aware that phosphorus fertilisers may have negative 

effects on beneficial fungi in the soil. 

Consider site rotation and possible cover crops. Preparatory planning may show that it is 

inappropriate to replant the orchard.  A change of crop or longer-term approach to replanting may be 

necessary.  Orchards are expensive to establish, donôt waste money on a problem site by taking 

shortcuts. 

Select and order the varieties and rootstocks. 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 yield ï and therefore maximise profits. 
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¶ When ordering trees specify the type of trees you want for the training system you plan to use, 

for example whip, well-feathered trees (10-12 feathers) or double leader for Tatura trellis. 

¶ With effective nutritional/soil adjustments and cultural practices, dwarfing rootstocks can be 

used to replant old orchards.  It is not always necessary (or practical) to use vigorous 

rootstocks.  Small, not big trees are preferred for todayôs orchard systems.  Plan to plant what 

you want, not what you can get. 

Budget accurately. Budgeting helps you to plan effectively and make sure that you have everything 

you need.  It also ensures that you donôt get any unpleasant surprises. 

Planning to prepare established blocks for a new season 

Assess damage levels from the previous season 

¶ Review results of pest and disease monitoring and identify hotspots and potential control 

problems. 

¶ Assess outputs from pest and disease models to identify gaps in management strategies used 

last season and plan improvements for the coming season. 

¶ Consider the need to purchase biological control agents to re-introduce or top-up populations 

that were affected by chemicals used last season. 

¶ Develop a strategic plan involving appropriate use of alternative pesticides that will provide a 

back-up for the biocontrol agents without harmful side-effects. 

General maintenance 

Pest carry-over in hotspots  

Pests and diseases survive through winter in various ways without fruit, leaves or succulent shoots for 

nutrition.  Some migrate, but most pests never leave the orchard or its nearby surrounds.  Destroying 

these overwintering sites will reduce pest and disease problems in the upcoming season. 

¶ Remove and destroy all fallen and hanging fruit.   

¶ Apply urea and/or mulch fallen leaves to hasten their breakdown. 

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

remove during dormancy.  

¶ Know what biocontrol agents (predators, parasitoids and entomopathogens) could be working 

in your orchard to reduce your pest populations over winter and avoid use of pesticides that 

may kill or sterilise them.  

Training, pruning, thinning and fertilisers.   
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Training systems that provide open canopies result in greater air flow and shorter drying times.  

Consequently, incidence of diseases and soft-bodied sap-sucking insects such as aphids and 

mealybugs tends to be lower. 

¶ 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. 

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

orchardists need to be aware of the problems that may arise from sunburn in warmer regions.   

¶ Sunburn can result in bark cracking and splitting and predispose the tree to fungal infections. 

¶ Fertiliser use should meet tree and crop requirements, be based on soil and/or leaf tests, and 

be applied at appropriate times to maximise crop benefits and minimise excessive growth. 

Pruning should: 

¶ remove water shoots 

¶ remove diseased tissue 

¶ open the canopy to allow air movement and better spray penetration. 

¶ Allow for renewal of fruiting wood 

Thinning is not just about crop load. It should also help to reduce pest and disease problems.  

Clusters of fruit are prone to pests and diseases because:  

¶ They provide sheltered feeding and nesting sites for insect pests 

¶ Humidity between fruit is higher, making clusters more prone to disease infection 

¶ Pesticides donôt reach the space between fruit. 

¶ Fruit-to-fruit 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 

¶ Inspect and repair irrigation lines, sprinklers and emitters to prevent excessive periods of leaf 

wetness caused by broken or poorly orientated irrigation equipment. 

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

orifice. 

Machinery  

¶ Service all tractors and sprayers well before theyôre needed.   
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¶ Sprayers must be calibrated properly to apply the correct volume of spray onto the right 

locations on the trees or weeds. 

¶ For diseases such as black spot and powdery mildew you will need sufficient, well-maintained 

equipment to spray the entire orchard within 3-4 days after rain.  

Pest and disease monitoring 

¶ Insect traps require regular maintenance and should be cleaned before each season 

¶ Weather stations and other sensors need regular calibration to ensure they are providing 

accurate data. 

Netting 

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

incursion. 
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Step 2: Prepare land for planting 

¶ 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 removed trees are to 

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 appropriate 

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 and sub-mains, power, trellis poles and netting 

supports).  

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

orchard floor species in the inter-rows. 

 

Remove the old Orchard or virgin bush and tree roots 

¶ Remove trees when soil conditions enable easy removal of trees and roots.  It is 

important to remove as many roots as possible, so avoid dry periods or wet soils when 

removing trees. 

¶ Timing and removal method (bulldozing, excavator or stumping) will depend on the soil 

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

¶ Collect and dispose of as many roots as possible.  Old roots harbour pathogens that can 

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

¶ Where practical remove all root pieces longer than 30-40 cm and/or larger than 4-5 cm 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 replanted.  Heat generated by 

burning old trees affects the soil micro-organisms 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 better than one large one. Burn before spring to avoid emergence 

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

¶ Take precautions to avoid erosion problems.  Tree removal can be one of the highest 

erosion risk periods on steep slopes.  Once the trees have been removed and heaped use 

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

of time, particularly in winter. 

 Prepare the site 

¶ 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 compacted areas, to improve 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/or contour banks may also be 

necessary. 

¶ Erosion can be minimised in some situations by only ripping the proposed new rows, not the 

whole area.  If you use this technique the new rows need to be marked-out early in the 

process. 

¶ Roughly cultivate site and remove any visible roots.  Each preparatory activity unearths old 

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

¶ Even-out the site if required (and practical).  Even out any rough or shallow areas 

(especially along the planting row) to develop a uniform block. This is a high erosion risk 

activity, therefore take suitable precautions. 

¶ Apply and incorporate to a depth of 15 cm or more, any fertiliser, lime gypsum, dolomite 

or organic matter (identified in step 1).  If problems are identified with subsoil acidity or 

sodicity, incorporate gypsum into rip lines.  Prior to mounding and/or final soil preparation, 

broadcast any fertilisers and soil amendments (lime, gypsum etc.) and incorporate by 

cultivation. 

¶ Where significant quantities of trace elements 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 rows ð minimising planting in old tree rows. The replanted block will usually 

involve new training systems and different planting densities.  Using your orchard plan 

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

¶ Recultivate ð preparing for planting or mounding.  Where soil depth or drainage is an issue 

the site can be mounded by moving topsoils from the centre of the row into raised mounds 

along the planting row.  This increases the depth of topsoil for tree roots and ensures the root 

crown is above the water table.  The inter-row space also acts as a surface drain.  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 drainage from the site.  

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 cultivation should be done on the day of planting. 

¶ Plant cover crop.  When rows and mounds are defined, the inter-row area should be 

cultivated lightly and planted with a cover crop as soon as possible ï preferably in autumn to 

stabilise the soil prior to winter and to provide a firm surface during the winter/spring planting.  

When choosing a cover crop pay attention to the pests which are likely to occur in the block, 

the requirements for nectar and shelter of predators and parasitoids that may prey on the 

pests, trafficability and other inter-row management issues, and plant appropriately.  For 

example, Western flower thrips can build to large numbers in an inter-row which contains white 

clover before moving in to ï and damaging ï the crop.  



 

 29 

Step 3: Planting and establishment

¶ 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. 

¶ If you cannot plant when the trees arrive do not let them dry out in storage. 

¶ 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 planting.  Nursery trees (especially their root systems) should 

never be allowed to dry out.  Trees should be planted on arrival from the nursery or store them by: 

¶ Healing into moist sawdust, sand or well-prepared soil ï good drainage is critical. 

¶ Placing them in a draught-free shed, bundled together and covered with moist hessian or 

tarpaulin.  Moisten the cover several times a day.  This is only suitable for short-term storage. 

¶ Putting them in cool storage ï place trees upright in a bin, roots thoroughly covered with 

sawdust.  Moisten tops daily and do not store with fruit.  Only fully dormant trees are suitable 

for longer-term storage using this method. 

Plant early (June/July) where possible.  Weather conditions determine when soil can be prepared 

and therefore when trees can be planted.  Early planting reduces stress on young trees and allows the 

roots to settle and recommence growth before shoot growth.  Trees should be planted between June 

and mid-August. 

¶ Late planting (Sept/Oct) affects first year performance due to stress on young trees because 

after mid-August they need to produce roots and shoots at the same time.  Shoot growth is 

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

Donõt plant diseased, damaged or desiccated trees.  Only healthy trees that are free of obvious 

diseases, including crown gall, should be planted.  Damaged trees or roots should be graded out and 

treated / pruned. 

¶ 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 quality, balanced trees with good root systems.  Ensure 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 improved if similar sized and shaped trees are planted in the 

same row. 
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¶ 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 be looked after to ensure good establishment. 

¶ 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. 

¶ Wherever possible plant virus tested trees. 

Donõt put fertiliser in the planting hole.  Mono-ammonium phosphate (MAP) is often used as a 

planting hole amendment in replant orchards.  If placed incorrectly, young root systems can be burnt 

and tree performance affected ï trees can even die. 

¶ If fertiliser requirements are correctly determined 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 unions.  Planting depth is influenced by soil type, budding height and 

rootstock.   

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

¶ Some dwarfing apple rootstocks are prone to burr knotting (especially M26) so graft unions 

should be as close to the soil as possible but high enough to minimise scion rooting (5 to 10 

cm). 

¶ 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 more consistency in planting depth than machine planting. 

¶ Up to two weeks after planting, trees planted too low should be carefully raised. 

Ensure trees are adequately watered-in at planting (hand, rain or irrigated).  It is important to 

exclude air pockets from around the roots of newly planted trees.  This improves soil/root contact 

reducing moisture stress on the tree and stimulates quicker growth.  In dry conditions or soils, all trees 

should be watered-in at planting. 

Minimise all stress to trees.  Attention to detail and careful handling at all stages of planting improves 

the chance of successful tree establishment. 

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

this stage will damage the tree. 

¶ Donôt plant into wet soils as growth will be retarded. 
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Install an irrigation system.  Once planted, it is important to prevent the rapidly growing new trees 

experiencing any moisture stress.   

¶ Dwarfing apple rootstocks especially M9, Ottawa 3 and M26 have smaller, finer root systems 

and are susceptible to moisture stress during establishment.   

¶ It is therefore critical to have an irrigation system installed and operational as soon as possible 

after planting. 

Install support systems, especially for dwarfing rootstocks.  Wind plays havoc with newly planted 

trees.   

¶ Movement of treetops will rock and break new roots.   

¶ Provide support for trees soon after planting to minimise root damage. 

Use tender loving care for your trees.  The old strategy of treating young trees hard is totally 

inappropriate for new high-density orchards. 

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

minimise problems. 

¶ The first two years of a newly planted orchard are the most critical.  Poor establishment or tree 

performance in these years can negate the benefits of high-density plantings and substantially 

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

Donõt over fertilise ð use little and often.  Proper application of fertiliser pre-planting negates the 

need for large applications of fertiliser to young trees.   

¶ Young trees primarily require nitrogen for growth.   

¶ Nitrogen should be applied (to soil or fertigated) in small frequent doses during the first two 

seasons.   

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

aphids and other sap-feeding pests. 

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

according to test results. 

Avoid moisture stress ð irrigate carefully (light and frequent).  Problems with moisture stress 

cannot be over emphasised.   

¶ 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 rather than òweed and vermin freeó. The concept of a ñweedò-free 

treeline creates 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 for moisture and nutrients 

and must be removed.  However, most herbaceous weeds are colonisers of disturbed or impoverished 

soil that is dominated by bacteria instead of beneficial mycorrhizal fungi. These colonisers stimulate 

nitrogen fixing soil biota that assist recovery of the fungal biomass.  Mycorrhizal fungi and the tree roots 

form symbiotic relationships that enhance uptake of nutrients and water by the tree. The óweedsò that 

encourage mycorrhizal fungi improve the overall soil biodiversity and provide nectar that enhances 

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

rather than weeds. 

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

side-effects on beneficial insects and fungi. 

¶ 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. 

¶ Donôt bury tree guards as moisture trapped around the tree stem induces problems with 

Phytophthora.   

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

¶ Prevent establishment of aqricultural and environmental weeds such as mallows, fat hen, dock, 

thistles, bridal creeper, ivy, wireweed, and morning glory that provide ñladdersò used by weevils 

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,  

¶ Lower-growing herbaceous plants with nectar producing flowers encourage predators and 

parasitoids that prey on pest species. Consider local native plants adapted to woodlands as 

candidates. 

Mulches may be used for moisture regulation and weed control.   

¶ Avoid disease, donôt place mulch too close to tree trunks. 

¶ Mulch can provide shelter to generalist predatory insects. 

¶ Mulch may attract hares, rabbits, rats and mice depending on the type of mulch. 

Grow the tree then crop it ð avoid the temptation to overcrop early.   

¶ The quickest way to slow growth of a tree (particularly on dwarfing rootstocks) is to crop it.   
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¶ A careful balance between crop load and yield is necessary to ensure adequate shoot growth 

in the first two or three years.   

¶ M26 apple stock will stop growth if cropped too heavily too early. 

Hand remove flowers and fruit in the first season.   

¶ 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.   

¶ Avoid chemical thinners as they suppress tree growth. 

Donõt neglect young trees.  Attention to detail helps to quickly establish (or re-establish) an orchard.  

¶ Neglect affects the viability of the business. 

Pros and cons of netting 

¶ Netting an orchard block is an expensive venture.    

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

wind and sunburn.  

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

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

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

microbats, and larger predatory insects such as hoverflies and wasps.   

¶ Netting may reduce fruit colour development. 

¶ Netting reduces transpiration and can lower irrigation requirements 

¶ Netting affects bee survival and may interfere with bee orientation during flowering, resulting in 

lower pollination. Roof-only netting is better for bees than full netting. The impact of full netting 

can be reduced if the sides can be rolled up during flowering. This also allows access by other 

pollinators and biocontrol agents. Reducing the number of days hives are under netting will 

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

¶ Care must be taken when spraying pesticides under 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 flowers.  Close to harvest sprays can dry on overhead netting, fall later and cause 

residue problems. 
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Step 4: Pest and disease management plan 

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

monitoring activities. 

¶ 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 with 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 

¶ 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 worst-case scenario you can develop a monitoring program that provides 

early warning of trouble brewing and take appropriate action to reduce the risk of losses.  

¶ ñUnexpectedò problems are the result of poor planning.  

¶ Taking the ñeasy way outò by calendar spraying or targeting pests and diseases at 

inappropriate times ñjust in caseò will often generate ñunexpectedò problems that would have 

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

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

identified alternative tactics to employ. 

¶ A good plan is underpinned by a comprehensive and well-kept set of records from the current 

and previous seasons. 

Which blocks? 

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

you are risk-averse start small!  

A well-run IPDM system, like any pest management system, does not eliminate risk but because IPDM 

uses many complementary tactics in a systems approach rather than relying on a single tactic of 
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spraying pesticides the overall risk of failure is reduced.   Implementing IPDM is like growing a new 

variety or using a new tree-training system or planting a new block with a new variety on a new training 

system. Rarely would an orchardist plant an entire orchard to a new variety on a new training system 

without having had some prior experience with the variety or training system, in which case they are not 

entirely new. They would normally start with a relatively small block in which they could develop their 

knowledge, skill base, and expertise. Once they had gained 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. There 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 biological products like codling moth 

granulosis virus, while the biodiversity in your orchard increases and the pest populations stabilise 

below economic threshold levels.  It makes sense to compare results from your IPDM ñexperimentò and 

other similar blocks in which you are using your ñtraditionalò approach. However, to do a valid 

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). 

Most IPDM strategies work best on larger blocks or even across whole orchards and even regions.  

Using a small block to start means that you donôt get the full benefit of IPDM but it gives you a chance to 

expand your comfort zone without the risk and associated stress 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 and diseases is to anticipate which ones are likely to cause a 

problem and develop a range of tactics to deal with them.  Make a list of the pests and diseases that 

have been in your orchard over the last four seasons.   Pests and diseases that have caused financial 

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 agents that may be present in your orchard or surrounding areas. If pests 

have been present but havenôt caused losses, then include them on the list, but consider if they are 

secondary pests that are being controlled either by your current spray program or by biological control 

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 will vary from block to block, orchard to orchard, and different regions. Block 

differences are probably due to variety and microclimate differences. Orchard differences may be due to 
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historic pest management and climatic differences. Regional differences are often due to climatic 

differences and isolation. 

Find out all you can about the pests and diseases that attack your orchard. 

¶ When can you expect them to occur? 

¶ What do they look like (particularly early, before theyôve had a chance to do serious damage)? 

¶ When is the most effective time to control them? 

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

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

Format of the plan. 

The plan should be in writing, otherwise it is a dream that could turn into a nightmare. The written plan 

should also be simple. The more sophisticated the plan becomes, the less flexibility you have to adapt 

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

understand the current situation and determine 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 clearly define the problem focus 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 sounds to you like a battle plan. A simple format for your plan is a variation on the 

SMEACS briefing format used by emergency management agencies. 

¶ Situation: identification of past, present and predicted situation 

¶ Mission: statement of the mission as specific, measurable, achievable, relevant, time framed 

objectives 

¶ Execution: the strategies or means of achieving the objectives 

¶ Administration & Logistics: identification of administrative and logistical support 

arrangements 

¶ Command & Communications; Who is responsible for what, and the communication 

channels.  

¶ Safety: identification 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 spot and lightbrown apple moth (LBAM) are under control. Mating disruption is 

used for codling moth control but no trapping is used to monitor codling moth populations. Carbaryl 

used as a thinner has apparently controlled LBAM, looper, and Heliothis (Helicoverpa). Trials on 

predators for two-spotted 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). Transform may be causing mite issues and may also have impacted on 

Aphelinus mali populations. 

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 approach being taken. 

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 Qld, as 

indicators of potential ADB incursions during pink bud to full bloom 

¶ 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. 

¶ Monitor budworm and looper activity from pink bud through to 2 weeks after petal fall. Initially 

look for budworm adults around lights as an indicator, and check flowers for presence of eggs.  

¶ 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: 

¶ Fred and agronomist to organise experimental plots, traps, record sheets 

¶ Agriculture Victoria to supply pest prediction program 

¶ Ask an expert facility in IPDM website for additional support and expertise 
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Communications: 

Fred mobile Overall supervision 

John mobile Spraying operations 

Agronomist mobile Trial design, monitoring, chemical advice 

IPDM Website  www.extensionaus.com.au/australianappleandpearIPDM 

Safety: 

¶ Experiments can be stressful but no 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 

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

periods 
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Apple and Pear IPDM 

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 moth Cydia pomonella,  

¶ Queensland fruit fly Bactrocera tryoni,  

¶ Lightbrown apple moth Epiphyas postvittana,  

¶ Apple dimpling bug (Campylomma liebknechti on the mainland, Niastama punctaticollis in 

Tasmania),  

¶ Apple scab Venturia inequalis on apples,  

¶ Pear scab Venturia pirina and blossom blast Pseudomonas syringae pv. syringae on pears.  

In Western Australia the key pests and diseases are:  

¶ Mediterranean fruit fly Ceratitis capitata,  

¶ Western fruit moth Epiphyas pulla,  

¶ Lightbrown apple moth,  

¶ Pear scab,  

¶ Powdery mildew Podosphaera leucotricha.  

Emerging problems are: 

¶ Apple scab in Western Australia  

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

Key pests that evolved with their host plant have activity periods closely aligned to susceptible life 

stages of the host plant. 

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

broadening their host range. 

Secondary pest outbreaks arise as non-target impacts from treating key pests with pesticides 

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

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

agents recover and ñecological balanceò is restored.  

There are many non-pesticidal options to manage these minor problems. 

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

Standardised monitoring and record keeping allows advisors to more easily interpret and compare 

what is happening in your orchard 
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Key pests 

Key pests and diseases are those that are the primary targets of management programs. They are 

usually pests and diseases that directly attack 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 or export markets. The control measures applied 

against these pests and diseases drive choices for management of most other pests and diseases due 

to non-target impacts of the treatments applied against the key pests and diseases. Non-target impacts, 

such as killing biological 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 states are codling moth Cydia pomonella, Queensland fruit 

fly Bactrocera tryoni, lightbrown apple moth Epiphyas postvittana, apple dimpling bug (Campylomma 

liebknechti on the mainland, Niastama punctaticollis in Tasmania), apple scab Venturia inequalis on 

apples, pear scab Venturia pirina and blossom blast Pseudomonas syringae pv. syringae on pears. In 

Western Australia the key pests and diseases are Mediterranean fruit fly Ceratitis capitata, Western fruit 

moth Epiphyas pulla, lightbrown apple moth, pear scab, and powdery mildew Podosphaera 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. 

Pesticides currently 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 reduced fecundity, to a range 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 Chapter 6 for further 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 

ñecological balanceò is restored. There are many non-pesticidal options to manage these minor 

problems. 

Activity periods for key pests 

Key pests that evolved with their host plant have activity periods closely aligned to susceptible life 

stages of the host plant. For example, codling moth overwinters as diapausing (hibernating) larvae in 

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 then emerge as adult moths 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 to the changed 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 to 

the host tree. The timing of those cues varies between fruit growing regions, so the following activity 

charts only show the host tree growth stage 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 others and the fruit on some mature earlier than others. The same holds for pears. Key pests 

that evolved with the hosts have in-built safety measures that ensure that their populations emerge over 

a broad time period to ensure that at least some will always find the host in a suitable stage for the pest 

to 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 hosts. LBAM/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 pests and diseases: 

Key Pest/ 
Disease 

Dormant Green tip Pink bud Blossom Fruiting After 
Harvest 

Apple 
dimpling bug 

      

Apple scab       

Codling moth       

LBAM/WFM       

Budworm       

QFly       

Medfly       

Alternaria       

P.mildew       

Colour code 

Monitor alternative hosts  Active  Hibernating  

Often symptomless  Orchard hygiene to reduce inoculum  
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Activity periods for key pear pests and diseases: 

Key Pest/ 

Disease 

Dormant Green tip White bud Blossom Fruiting After 

Harvest 

Pear scab       

Codling moth       

LBAM/WFM       

Budworm       

QFly       

Medfly       

Blossom 

blast 

      

Colour code 

Monitor alternative hosts  Active  Hibernating  

Often symptomless  Orchard hygiene to reduce inoculum  

 

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



 

 44 

 

Pest and Disease Monitoring methods for apple and pear orchards 

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 weed 

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 the monitoring calendar and the monitoring record sheet.  Use of these guidelines 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 included to allow 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 established with free-standing trees at wider spacings. In the 

following text the term ñtreeò is interchangeable with ñpanel of trellis treesò because in trellised blocks it 

is not easy to move around each individual tree and a single side of a typical 10m panel of trellis is 

roughly equivalent to the circumference of a free-standing tree planted at 5.4-6m spacing 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 independently to allow for differences in micro-climate, 

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 select trees at random 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 being selected and 

ensures that over time a representative sample of the entire block is taken. Five sample trees selected 

randomly each time is sufficient if you monitor each week. It is important to remember that these 

trees are samples and that, as you walk from one sample tree to another, you should develop 

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

in the block. 

Suggested monitoring methods 

There are 4 general categories of sampling based on the use of 5 trees selected 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: 

¶ 20 flower clusters (4 clusters x 5 locations on the tree) per tree. 
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¶ 1-minute inspections 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 and the 100-fruit inspections are only conducted mid-January, late 

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

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

¶ Place a white 1-4 litre plastic container, similar to an ice-cream container, underneath a shoot 

with at least 4 flower clusters immediately above the container.  

¶ Tap the clusters from above with your hand 3-4 times in quick succession. 

¶ Count and record the number of bugs caught in the container.  

¶ Do this in five different locations on each 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, so also look for and count 

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 between pink in apples, 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 fruit matures. Feeding and egg-laying 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 on headlands and roadsides, and flowering 

ornamentals in gardens can be checked but you need to be able to distinguish ADB from 

psyllids on wattles. 
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o  

1-minute inspection/tree 

As you spend one-minute walking 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: 

¶ presence of diseases such as Scab, Powdery Mildew, and Alternaria on leaves and Fruit and 

Bitter Rot on fruit. 

¶ 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 indicate the level of parasitised 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.  

¶ If Two-Spotted Mites (TSM) are the main pest mite in the orchard 10 leaves can be randomly 

selected from about 1.5-1.8m above ground from the inner canopy.  



 

 47 

¶ If European Red Mite (ERM) or Bryobia mite are the dominant species then sampling should 

start at first bloom on pears or pink on apples, and leaves should initially be sampled from the 

outer parts of the canopy.  

¶ If TSM and ERM/Bryobia are present the 10-leaf sample should include leaves from both the 

inner and outer canopy. 

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

each leaf is sufficient.  

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

can be used to calculate the cumulative leaf-infested days throughout the season.  

¶ The most important consideration is not the number of mites per leaf, because the level of 

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

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

used to score mites. 

100 randomly inspected fruit/tree 

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

¶ For free-standing trees inspect 25 fruit from each of 4 sides of the tree.  

¶ For trellised trees inspect 25 fruit from each of 4 trees within a panel.  

¶ The fruit do not need to be picked but should be carefully inspected without excessive lifting or 

twisting that would dislodge the fruit.  

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

% damage attributed to each pest or disease.  

¶ Fruit damage assessments should be conducted in mid-January (after natural fruit drop), one 

week before harvest of early varieties harvested in February or in late February-Early March 

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

¶ 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.  

¶ The age of the larva can be determined by measuring the width, and noting the colour (black or 

brown), of the head capsule to identify the larval instar.  

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

how many degree-days ago the larva hatched from the egg.  
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¶ Degree-days (DD) are insect growth units which can be approximated by subtracting the lower 

developmental threshold (the temperature below which the insect stops growing = 10oC for 

codling moth) from the average temperature (maximum + minimum temperature divided by 2) 

for the day and adding the results for each day. 

Codling moth larval 

Instar 

Approx. head width 

(mm) 

Head capsule 

colour 

DD from egg hatch 

I 0.3 Black 0-88 

II 0.5 Brown 84-151 

III 0.8 Brown 125-216 

IV 1.25 Black 205-363 

V 1.6 Brown 248-452 

¶ 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 failure in the spray program (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 insect populations. A wide variety of traps, lures and 

deployment protocols exist. 

¶ 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 produce aggregation 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 lures is being used because 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 for traps.  
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¶ Pheromone traps for codling moth, oriental fruit moth, and lightbrown apple moth are usually 

either delta traps or wing traps, whereas traps for mass-trapping of Carpophilus beetles are 

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

¶ 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.  

¶ The number of insects captured per trap per week is often used as an action threshold.to 

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

¶ Care must be taken when using thresholds developed from one trap-lure combination as a 

threshold for a different combination or even the same lure in a different trap design.  

¶ 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 at different 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 models) that forecast when 

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. Take care when 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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Apple and Pear IPDM 

Chapter 4: Biosecurity and potential incursions of 

new pests 

IPDM quick facts 

¶ 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. 

¶ This biological web can be disrupted by incursions of new pests and diseases and poor choice 

of pesticides in response to the incursions. 

¶ Attempts to eradicate or contain an incursion often involve use of pesticides that may be new 

to the orchard, or even Australia, and could have long term detrimental effects on biological 

control agents. 

¶ 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. 

¶ The ñLook. Be Alert. Call an Expertò program conducted by Plant Health Australia provides 

simple biosecurity measures for adoption by growers. 

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

¶ 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 experts for prompt identification. See 

www.planthealthaustralia.com.au/biosecurity/incursion-management/plantplan/ for further 

information. 

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

The sustained program 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 productivity. This is integral to better adoption of IPDM 

because past research often focussed on integrating biological control of an individual pest species into 

the pesticide-dominated program for controlling the broader pest and disease complexes attacking 

crops. There is now a suite of biological, agronomic, and decision-support 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 damaged by responses required 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 host trees, 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 and could be used under emergency off-label 

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 way, the introduction 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 Australia is important for early response to 

incursions that threaten food security, economic viability, and trade. Some important exotic pests, such 

as brown marmorated stink bug Halyomorpha halys, do not rely on transport of host material but instead 

may be transported in shipping containers 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 a member of Plant 

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 

improve Australiaôs response to outbreaks of new plant pests and diseases. Biosecurity planning 

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 diseases reaching 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 spending, 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 managed. The quality of collected 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. 

PHA runs a biosecurity awareness program óLook. Be Alert. Call an Expertô that aims to increase 

awareness of simple biosecurity measures and the importance of early notification of unusual 

observations to the Plant Pest Hotline (1800 084 881) so that incursions can be identified and quickly 

addressed.  

The Emergency Plant Pest Response Deed (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 responses 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 and pest specific information, risk 

mitigation activities and contingency plans. See www.planthealthaustralia.com.au/biosecurity/incursion-

management/plantplan/ for further information. 

On-farm 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 required for normal 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 strongly encouraged to collect 

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/
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The current Apple and Pear priority pests and diseases are: 

Apple brown rot Brown headed leaf 

roller 

Green headed leaf 

roller 

Pear fruit moth 

Apple maggot Brown marmorated 

stink bug 

Oblique banded leaf 

roller 

Pear psyllid 

Apple proliferation Cedar apple rust Omnivorous leaf roller Plum curculio 

Asian gypsy moth European canker Orange tortrix Rosy apple aphid 

Black stem blight Fire blight Oriental fruit fly Spotted wing 

drosophila 
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Apple brown rot Monilinia fructigena 

Apple brown rot is related to the brown rot fungus Monilinia fructicola that 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 

¶ Infected fruit (apples and pears) develop spreading firm brown spots that create rotting areas 

that are normally surrounded by small, raised white-cream spots (conidial pustules) often in 

concentric circles. 

¶ Entire fruit can be rotten and covered in pustules and then becomes mummified. 

¶ The mummies tend to stay on the tree but sometimes rotten fruit falls to the ground before it 

has mummified. 

¶ 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. 

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

Spread 

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

can be spread by wind and rain. 

Could be confused with: 

¶ Other brown rots present in Australia 

¶ Blighted twigs look superficially like those caused by Pseudomonas syringae on pears  

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

http://www.planthealthaustralia.com.au/
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Apple maggot Rhagolletis pomonella 

One of North Americaõs most serious fruit flies the apple maggot attacks apples, hawthorn, and 

a range of stone fruits. It is native to north-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 

¶ Adult flies have distinctive zig zag black bands on clear wings, a black abdomen with light 

crossbands (3 for males and 4 for females), a pronounced white spot on the back of the thorax, 

a wingspan about 10mm, and are similar in size 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 week before becoming ready 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 leave the fruit and burrow 25-150mm 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. 
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Spread 

¶ Newly emerged sexually immature flies disperse throughout the orchard and surrounding 

vegetation seeking the honeydew they need to become mature enough to mate. 

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

larvae. 

¶ Pupae can be transferred in contaminated soil. 

Could be confused with 

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

¶ Larvae are look like other fruit fly maggots and require specialist examination to confirm their 

identity or have to be reared out to adults (which is difficult because they may enter diapause 

as pupae and then require prolonged chilling followed by warmth before they emerge as 

adults). 

¶ Adult flies can be distinguished from other small flies by the combination of zig zag bands on 

the wings and the pronounced white spot on their back. If wing pattern alone is used for 

diagnosis care needs to be exercised so that apple maggot is not confused with Medfly and 

signal flies (Platystomatidae) existing in Australia. 

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au

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

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

Starking being amongst the most susceptible cultivars. 

Appearance 

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

¶ Infected leaves produce large stipules at their bases. 

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

¶ Premature development of axillary buds produces the appearance of ówitchesô broomsô caused 

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

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

¶ Trees lack vigour, have thin shoots and reddish-brown bark, and leaves are more susceptible 

to powdery mildew. 

¶ Root systems compact. 

¶ Autumn leaves develop early and may have lilac or purplish red colour. 

¶ 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. 

¶ Check trees regularly and report unusual symptoms. 

¶ Early detection improves probability of eradication. 

Could be confused with 

Witchesô brooms occur in other plant species and are symptoms of stress, mutation, eriophyid mite 

attack, and infection by viruses or phytoplasmas. It is therefore important to have unusual symptoms 

checked by a specialist plant disease diagnostician to identify the cause. 

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

http://www.planthealthaustralia.com.au/
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Asian gypsy moth Lymantria dispar 

Asian gypsy moth larvae feed on foliage of more than 650 plant species, causing heavy defoliation often 

leading to 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 

¶ Male moths have a 30-40mm 

wingspan with greyish-brown wings 

that have darker wavy lines. Female 

moths are larger than males, with a 

wingspan of 40-70mm and white 

wings that have grey markings. 

 

  

¶ Eggs are laid in large 20-30mm x 

10-20mm yellow or tan fuzz covered 

egg masses on tree trunks, rocks, 

outdoor furniture, machinery, 

buildings and other solid objects. 

  

 

¶ Larvae are covered in long hairs 

and have variable colour but when 

mature have a distinctive double 

row of 4-5 pairs of blue spots on the 

back followed by six pairs of red 

spots. 
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¶ Feeding damage and defoliation becomes evident and webbing may be present as infestations 

increase. 

Spread 

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

¶ Young larvae can disperse several kilometres by ñballooningò on silk threads blown by the 

wind.  

¶ Eggs attached to nursery stock, vehicles and machinery, transport containers and equipment 

can be transported long distances. 

Could be confused with 

¶ Painted apple moth Orgyia anartoides and painted pine moth Orgyia australis are 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. Their larvae are hairy but do 

not have the distinctive red and blue spots of the gypsy moth larvae. 

¶ 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 doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

http://www.planthealthaustralia.com.au/
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Black stem blight 

Black stem blight, or Asian pear blight, is a disease of Nashi pear Pyrus pyrifolia and European pear 

Pyrus communis caused by the bacterium Erwinia pyrifoliae. Severe losses in production in Korean 

pear orchards have been reported. 

Appearance 

¶ Symptoms include black to brown stripes in leaf midribs, dark brown leaf spot and necrotic 

petioles. 

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

Spread 

¶ Unknown but may be carried by honeybees. 

¶ Likely distributed with infected plant material 

Could be confused with 

¶ Fireblight caused by Erwinia amylovora. 

¶ Morphological, biochemical and molecular characteristics can be used by experts to distinguish 

between E. pyrifoliae and E. Amylovora. 

¶ E. pyrifoliae has a narrower host range (Nashi and European pear) than E. amylovora (pome 

fruit and ornamentals). 

¶ Blossom blast on pears caused by Pseudomonas syringae pv syringae. 

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

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


 

 61 

 

Brown headed leaf roller (BHLR) complex 

There are two species Ctenopseustis obliquana and C. herana within the brown-headed leafroller 

complex that are indistinguishable in appearance 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 ornamentals. In New Zealand 

there are 4-6 overlapping generations per year and moths are common in November through March, 

corresponding with the pome fruit growing season.  

Appearance 

¶ Adults are moths 8-12mm long. Females have a wingspan 20-28mm and male wingspan is 17-

24mm.  Both sexes have walnut brown- brownish grey forewings with darker markings forming 

variable patterns, and pale brown mottled hindwings.  

¶ The forewings are sometimes two-tone with females having a dark oblique mark halfway down 

the edge of each forewing. Males have an additional dark transverse stripe extending to half 

the length of the forewing.  

www.padil.gov.au/pests-and-diseases/pest/main/136268  

¶ Female moths lay up to 150 eggs in a smooth egg mass.  

¶ 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 feeding shelters that cause the leaf surfaces to roll together, 

or two leaves are webbed together.  

¶ Some larvae settle in the fruit calyx of apples where to only sign of their presence is the fine 

silk webbing.  

¶ Later instar larvae migrate from settlement sites and create 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 

LBAM (Epiphyas postvittana) and green-headed leaf rollers (Planotortrix spp.). 

Spread 

¶ 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 

¶ The moths could be confused with LBAM.  

http://www.padil.gov.au/pests-and-diseases/pest/main/136268


 

 62 

¶ 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 with LBAM. 

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

http://www.planthealthaustralia.com.au/
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Brown marmorated stink bug Halyomorpha 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 houses and other buildings. 

Appearance 

¶ Brown marmorated stink bug (BMSB) adults are 12-17mm long mottle-brown coloured, shield 

shaped stink bugs with distinctive black and white banding around the outer edge the 

abdomen. They attack at least 300 plant species including nuts, fruit crops, vegetables and 

ornamentals.  

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

¶ The 1.6mm long barrel shaped light green to cream coloured eggs are laid in clusters of 25-30 

eggs on the undersides of leaves and turn a yellow-orange colour as they get closer to 

hatching. 

¶ 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 that look like smaller 

versions of the adult but with wing buds instead of full wings.  

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

corky spots, and premature fruit drop. 

Spread 

¶ BMSB spread locally by flight but longer distance spread is facilitated by hitch-hiking in cargo 

containers and the cargo itself, and even personal luggage.  

¶ Recent detections in Australia have been in loads of bricks and electrical goods, and 

shipments of machinery parts.  

¶ They are most likely to be in shipments arriving in Australia during the northern hemisphere 

late autumn- winter period which coincides with spring-summer in Australia. 

Could be confused with 

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

Australia. Adult BMSB have distinctive white bands on the last two antennal segments. 
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If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information: See the PHA website www.planthealthaustralia.com.au 

 

http://www.planthealthaustralia.com.au/
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Cedar apple rust Gymnosporangium juniperi-virginianae 

This fungus requires both Juniperus and apple trees to be in close proximity for the fungus to complete 

its life cycle.  Although the disease it causes is called Cedar apple rust the main host, Juniperus 

virginiana (commonly called red cedar, eastern red cedar, pencil cedar, aromatic cedar, and Virginia 

juniper) is not a true cedar but is a member of the Cypress family Cupressaceae. 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 red cedar Juniperus virginiana on which it causes galls called 

cedar apples on twigs and branches.  

¶ The galls produce finger-like 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 small yellow-orange lesions on the upper surface of 

leaves and petioles.  

¶ A few weeks later the infection causes small yellow-brown tufts 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 cycle by infecting the primary host.  

¶ Infected stems may also show swellings and young fruit may abort.  

¶ The more common symptoms on fruit are slightly raised bright yellow-orange lesions that turn 

brown and crack as the fruit enlarges. 
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Spread 

¶ Transport of apple leaves and fruit can spread the fungus.  

¶ The most common means of spread is movement of infected Juniperus virginiana material. 

Could be confused with 

¶ There are several species of Gymnosporangium infecting Juniperus that include Malus species 

(apples, crab apples) as one of the secondary hosts.  

¶ Symptoms on apple trees could be confused for bacterial and other fungal diseases but 

presence of the yellow-brown tufts or spore producing pustules distinguish Cedar apple rust. 

If in doubt call the Exotic Plant Pest Hotline 1800 084 881 and seek expert diagnostic advice 

Further information 

See the PHA website www.planthealthaustralia.com.au 

http://www.planthealthaustralia.com.au/
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European canker Neonectria ditissima (syn N.galligena) 

The causal agent of European canker was previously known as Nectria galligena but the taxonomy was 

revised to Neonectria galligena in 1999 and then Neonectria ditissima in 2006. This fungal disease was 

eradicated from Tasmania by 1991 and Australia is currently free of 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 losses of up to 80% of susceptible fruit crops (e.g. Bramleyôs Seedling) overseas, but for 

modern 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 susceptible cultivars. Granny Smith is moderately 

resistant.  

Appearance 

¶ First symptoms are reddish brown lesions around leaf scars, spurs, or pruning wounds on 

small branches in late spring-early summer (Fig. 1). 

¶ The lesions elongate to form cankers with concentric ring-shaped cracks.  

¶ Shoot dieback, wilting and leaf drop can occur in spring.  

¶ Eye rot (Nectria rot) symptoms on fruit rarely develop pre-harvest, usually developing in post-

harvest storage in all parts of the fruit. Skin becomes dark brown over the rotted flesh that 

turns light brown and moist. A depression may develop as the flesh shrinks.  

¶ Infection of fruit on the tree occurs through open calyxes, lenticels, scab lesions, or insect 

wounds and fruit may be symptomless until storage rots develop post-harvest. 

¶ The disease is most noticeable as dead twigs and spurs that stand out when the tree is in full 

foliage (Fig. 2). 

¶ Under favourable conditions perithecia (small, round, red granulations visible with the aid of a 

hand lens) may be present in the canker tissue (Fig. 3). 
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(a)   (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 

(photographer: J.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) 
































































































































































































































































































































































































































































































